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Disclaimers

IESO

This report has been prepared solely for the perpbsissessing whether the connection applicant's
proposed connection with the IESO-controlled grauig have an adverse impact on the reliabilityhef t
integrated power system and whether the IESO shssil a notice of conditional approval or
disapproval of the proposed connection under Chdptgection 6 of the Market Rules.

Conditional approval of the proposed connectidmaised on information provided to the IESO by the
connection applicant and Hydro One at the timeads®mssment was carried out. The IESO assumes no
responsibility for the accuracy or completenessuzh information, including the results of studies
carried out by Hydro One at the request of the IER@thermore, the conditional approval is subject
further consideration due to changes to this in&drom, or to additional information that may become
available after the conditional approval has beamtgd.

If the connection applicant has engaged a congubtigrerform connection assessment studies, the
connection applicant acknowledges that the IESObgirelying on such studies in conducting its
assessment and that the IESO assumes no respipn&ibithe accuracy or completeness of such studie
including, without limitation, any changes to IE®@se case models made by the consultant. The IESO
reserves the right to repeat any or all connectadies performed by the consultant if necessanyget
IESO requirements.

Conditional approval of the proposed connectionmadhat there are no significant reliability issoes
concerns that would prevent connection of the pgegg@roject to the IESO-controlled grid. Howevke, t
conditional approval does not ensure that a preyjdtmeet all connection requirements. In addition
further issues or concerns may be identified bytiiwesmitter(s) during the detailed design phasae th
may require changes to equipment characteristid®anonfiguration to ensure compliance with phgkic
or equipment limitations, or with the Transmissiystem Code, before connection can be made.

This report has not been prepared for any othgrqaarand should not be used or relied upon by any
person for another purpose. This report has besgpaped solely for use by the connection applicadt a
the IESO in accordance with Chapter 4, sectiontb®Market Rules. The IESO assumes no
responsibility to any third party for any use, whitmakes of this report. Any liability which thESO
may have to the connection applicant in respettisfreport is governed by Chapter 1, section lthef
Market Rules. In the event that the IESO providdsadt of this report to the connection applicahé
connection applicant must be aware that the IES@nendse drafts of this report at any time in iv¢es
discretion without notice to the connection applicdlthough the IESO will use its best effortsaidvise
you of any such changes, it is the responsibilitthe connection applicant to ensure that the mexstnt
version of this report is being used.
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Hydro One

The results reported in this report are based efinflormation available to Hydro One, at the tinfiehe
study, suitable for a System Impact Assessmeritigicbnnection proposal.

The short circuit and thermal loading levels hagerbcomputed based on the information availaltleeat
time of the study. These levels may be higheowel if the connection information changes as altes
of, but not limited to, subsequent design modifarag or when more accurate test measurement data is
available.

This study does not assess the short circuit oméidoading impact of the proposed facilities oad
and generation customers.

In this report, short circuit adequacy is assessylfor Hydro One circuit breakers. The short gitc
results are only for the purpose of assessingdpalilities of existing Hydro One circuit breakarsl
identifying upgrades required to incorporate theppised facilities. These results should not be irsed
the design and engineering of any new or existingifies. The necessary data will be provided by
Hydro One and discussed with any connection apglicpon request.

The ampacity ratings of Hydro One facilities artablished based on assumptions used in Hydro Qne fo
power system planning studies. The actual ampeaaiitygs during operations may be determined ik rea
time and are based on actual system conditionisidimg) ambient temperature, wind speed and project
loading, and may be higher or lower than thosedtat this study.

The additional facilities or upgrades which areuiezp to incorporate the proposed facilities hagerb
identified to the extent permitted by a System Iotpgessessment under the current IESO Connection
Assessment and Approval process. Additional ptgkaies may be necessary to confirm
constructability and the time required for condfiaiut. Further studies at more advanced stagdseof t
project development may identify additional fa@g that need to be provided or that require upggad
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Executive Summary

Conditional Approval for Connection

Hydro One Networks Inc. (the “connection applicamt&s proposed to develop Leamington TS — Supply
to Essex County Transmission Reinforcement Prdjbet“project”), in Leamington, Ontario. The prdjec
will consist of two 75/100/125 MVA, 215.5/27.6/2'k8 transformers connecting to 230 kV circuits
C21J and C22J via a 13 km 230 kV double circuitlogad tap line. Some of the load at Kingsville TS,
which is connected to 115 kV circuits K2Z and Kl be transferred to the project. Hydro One is
considering the following two load transfer options

A. Retain four transformers with 124 MW of load at g$wille TS and transfer the remaining
Kingsville load to the project.

B. Retain two transformers with 54 MW of load at Kiadje TS and transfer the remaining
Kingsville load to the project.

The planned in-service date of the project is May&

This assessment concludes that the proposed prsydgéct to the requirements specified in thiorep
is expected to have no material adverse impadhi@mndliability of the integrated power system.
Therefore, the IESO recommends that a Notificatib@onditional Approval for Connection be issueq
for Leamington TS — Supply to Essex County Transiois Reinforcement Project subject to the
implementation of the requirements outlined in tieigort.

Findings and Recommendations

Findings
The Project:

1. The project improves the supply capacity needb@Windsor area.

2. The proposed connection arrangement and equipmetite project are acceptable to the IESO. The
proposed 230 kV connection equipment meet the rexpgints and standards in the Market Rules and
Transmission System Code (TSC).

3. Under certain outage conditions, there is a paéfudr reverse power flow on the project’s
transformers. This is not a concern for the IES€ &commendation 2 for Hydro One.

Kingsville Load Transfer Options:

The two load transfer options, A & B, from KingdeilTS to the project were compared for their impact
on the Windsor 230 kV and 115 kV systems under Z2026mer peak load conditions. The following
findings were identified based on the study results

4. With option B for loss of K2Z, post-contingency ttiag on circuit K6Z and 115 kV voltages at
Kingsville TS are within thé®ntario Resource and Transmission Assessment Criteria (ORTAC)
without the need of any control action.

Final Report — June 9, 2014 CAA 2013-507 1
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With option A for loss of K2Z, post-contingency tliag above the short term emergency rating
(STE) on circuit K6Z and low 115 kV voltages at Kaville TS will occur. Arming the Lauzon load
rejection (L/R) scheme as part of the Windsor A3eacial Protection Scheme (SPS) to reject load at
Kingsville will mitigate these issues. However stiebntrol action is a violation of t@RTAC

criteria. Hence, option B is better than option A.

With two transformers retained at Kingsville in igyt B, for loss of one transformer, post-
contingency loading above the 10-day long terrmgafL TR) will occur on the remaining

transformer with the more limiting rating. Showlption B be retained, Hydro One has indicated that
they have plans to replace this transformer witlewa transformer that has a higher 10-day LTR.

With option A or B and high flows east or west beén Keith TS and Chatham SS, which represent
past historical maximum transfers, post-continggheymal loadings and voltages in the Windsor
230 and 115 kV systems remain within applicaDRTAC criteria with the utilization of appropriate
control actions. With option B, the post-continggitwadings are lower and less control actions are
required. Hence, option B is better than option A.

With option A or B and high flows east or west beén Keith TS and Chatham SS, the incorporation
of the project is not expected to have adverse angpaimport/export capability via circuit J5D.

With option A or B, the load restoration capabilitfyythe Windsor 115 kV system is improved
following the simultaneous loss of double circ@23Z and C24Z. Option B is better, as it allows all
forecasted load that is lost following this congingy to be restored.

With option B, the simultaneous loss of doublewitscC21J and C22J will interrupt load at Malden
TS and the project of up to 237 MW for the 2016-@@2riod which is within th®RTAC criteria.

Findings 9 and 10 below were observed when resgetiie North American Electric Reliability
Corporation (NERC) TPL-001-04 Bulk Electric SystéBiES) Planning Performance Events based on
NERC's new definition of the BES effective in Oritaduly 1, 2014. These findings pose operating
challenges but are not a violation of DBRTAC criteria.

9.

10.

With options A or B, high flows east from Keith T&Chatham SS and all elements in-service, for a
Lauzon T1L7 breaker failure, multiple control actcare needed to mitigate post-contingency
thermal loadings in the Windsor 115 kV system. TEvient could be better managed if the Lauzon
L/R scheme which is part of the Windsor Area SPS @xpanded to include this contingency.

With options A or B, high flows east or west betwd&ith TS and Chatham SS and all elements in-
service, for the loss of double circuit Z1E and Zgantrol actions are necessary to mitigate post-
contingency over-voltages on the Lauzon 115 kVesystOption A requires arming the Lauzon L/R
scheme as part of the Windsor Area SPS to swittkhewKingsville capacitors. Option B requires
the Lauzon capacitor to be switched out pre-coeticy as there were no control actions available
post-contingency. Both options could be better gadaf the Lauzon L/R scheme was expanded to
trip the Lauzon capacitor for this contingency.

Recommendations

1.

It is recommended that Hydro One choose Kingsloliel transfer option B rather than option A.
Option A is however, an improvement compared tgkegall of the load at Kingsville.

It is recommended that Hydro One assess the reperser flow on the project’s transformers and
confirm that there is no unacceptable trippingoading concern on the transformers.

CAA 2013-507 Final Report — June 9, 2014
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Recommendations 3 and 4 below are not requirethéoproject, but are options for consideration to
more effectively manage double-element contingenaid_auzon.

3. Itis recommended that Hydro One consider expanttied-auzon L/R scheme as part of the Windsor
Area SPS to include the selection of load rejectidR) for the Lauzon T1L7 breaker failure
contingency. This would provide greater operatiegibility.

4. ltis recommended that Hydro One consider addiegs#iection of the Lauzon capacitor to be tripped
for the Z1E+Z7E contingency which is a contingetie is already included in the Lauzon L/R
scheme as part of the Windsor Area SPS. This wanaldide greater operating flexibility.

IESO’s Requirements for Connection

Connection Applicant Requirements

Project Specific Requirements: The followingspecific requirements are applicable for the
incorporation of the project. Specific requiremepestain to the level of reactive compensation eded
operation restrictions, special protection systepgrading of equipment and any project specifimge
not covered in thgeneral requirements.

(1) Hydro One is required to review the relay settingshe 230 kV circuits C21J and C22J. Any
modifications made to protections after this SiAimlized must be submitted to the IESO at least
six (6) months before any modifications are torbplemented on the existing protection systems.

(2) The simultaneous loss of double circuits C21J aBdJCGwill interrupt load at Malden TS and the
project of up to 237 MW for the 2016 to 2026 penwitich is within theORTAC criteria. Hydro One
and the affected Local Distribution Companies (LP@e expected to work together to ensure that
up to 87 MW of load can be restored within appradiely 4 hours and up to 237 MW of load can be
restored within approximately 8 hours as per@RFAC criteria.

General Requirements. The connection applicant shall satisfy all appliealequirements and
standards specified in the Market Rules and the. TB€ following requirements summarize some of the
general requirements that are applicable to theegiaand are presented in detail in section Aisf t

report.

1. As currently assessed the project does not faliwihe Northeast Power Coordinating Council’s
(NPCC) definition of Bulk Power System (BPS). Agls, the project will not have any elements
classified as BPS and will not have to meet any GP€liability obligations.

2. NERC's new definition of the BES will be effectiie Ontario July 1, 2014. As currently assessed,
based on this new definition, the project will haive any elements classified as BES and will not
have to meet any NERC reliability obligations.

The project is required to meet obligations andiiregnents of the Market Rules.

The connection applicant shall ensure that theeptigj 230 kV connection equipment is capable of
continuously operating between 220 kV and 250 le/secified in Appendix 4.1 of the Market
Rules. Any protective relay settings must be sengure that equipment remains in-service for
voltages up to 5% above the maximum continuousevalu

5. The connection applicant shall ensure that theeptg 230 kV connection equipment is designed to
be fully operational in all reasonably foreseeaduebient temperature conditions. The connection
equipment must also be designed so that the ade#feszs of its failure on the IESO-controlled grid
are mitigated.

Final Report — June 9, 2014 CAA 2013-507 3
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6.

10.

11.

12.

13.

14.

The connection applicant shall ensure that theepts 230 kV connection equipment is designed to
withstand the fault levels in the local area. lfy dature system changes result in an increased faul
level higher than the equipment’'s capability, tlenrection applicant is required to replace the
equipment with higher rated equipment capable dhstanding the increased fault level, up to
maximum fault level specified in Appendix 2 of th&C.

The connection applicant shall install and mainfagilities and equipment at the project to provide
3% and 5% voltage reduction within five minutesexdeipt of direction from the IESO.

The connection applicant shall have the capalititynaintain the power factor at the defined meter
point of the project within the range of 0.9 laggend 0.9 leading.

The connection applicant is required to installemidequency load shedding (UFLS) facilities at the
project to allow for the detection of under-freqogonditions and the selection and tripping oflloa
via circuit breakers.

The connection applicant is required to ensuretti@tJFLS targets specified in Section 10.4.6 of
Chapter 5 of the Market Rules and Section 4.5 afk€taManual 7.4 are met after the addition of the
proposed project. During the IESO Market Entry/kgcRegistration process, the connection
applicant is required to submit a revised schedulender-frequency tripping selections and their
related load amounts for each applicable sheddageghat will satisfy the UFLS targets.

The connection applicant shall ensure that thenteley requirements for the project are satisfied as
per the applicable Market Rules requirements. ®terchination of telemetry quantities and
telemetry testing will be conducted during the IEEB@rket Entry/Facility Registration process.

If revenue metering equipment is being installedpad of this project, the connection applicant
should be aware that revenue metering installatmouast comply with Chapter 6 of the IESO Market
Rules. For more details the connection applicargncouraged to seek advice from their Metering
Service Provider (MSP) or from the IESO meteringugr.

The connection applicant shall ensure that theeptij protection systems are designed to sati$fy al
the requirements of the TSC.

As currently assessed by the IESO, the projecbiscansidered essential to the power system and
therefore does not require redundant protectiotesysin accordance with section 8.2.1a of the TSC.

The project’s protection systems must also only tiie appropriate equipment required to isolate the
fault. The project shall have the capability taeritirough routine switching events and design riaite
contingencies in the grid that do not disconneetgioject by configuration.

The connection applicant shall have adequate poovim the project’s design of protections and
controls to allow for future installation of SpecRrotection Scheme (SPS) equipment. Should a new
SPS be installed or an existing SPS be expandedpi@ve the transfer capability into the area or to
accommodate transmission reinforcement projecesfdhility may be required to participate in the
SPS system and to install the necessary proteatidrcontrol facilities to affect the required anso
These SPS facilities must comply with the NPCC &xélity Reference Directory #7 for Type 1 SPS.

The connection applicant is currently a restoragarticipant. The connection applicant is required
to update its restoration participant attachmeimdtude details regarding the project. For more
details please refer to the Market Manual 7.8.aldetegarding restoration participant requirements
will be finalized in the IESO Market Entry/Facilifgegistration process.

The connection applicant must initiate and compteee IESO Market Entry/Facility Registration
process for this project in a timely manner bel&®O final approval for connection is granted.

Equipment data must be provided to the IESO at E=asen months before energization to the IESO-
controlled grid. The IESO will confirm that thetd&or the equipment installed meets the Market
Rules requirements and matches or exceeds thapearioe predicted in this assessment.

CAA 2013-507 Final Report — June 9, 2014
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If the submitted data differs materially from thees used in this assessment, then further analysis
the project will need to be done by the IESO.

At the sole discretion of the IESO, performancéstesay be required at transmission facilities. The
objectives of these tests are to demonstrate thapment performance meets the IESO requirements,
and to confirm models and data are suitable foQp8rposes.

— End of Section —
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1. Project Description

Hydro One Networks Inc. (the “connection applicami&s proposed to develop Leamington TS — Supply
to Essex County Transmission Reinforcement Prdibet“project”), in Leamington, Ontario. This new
transformer station will connect to 230 kV circu@g1J and C22J at about 49.1 km from Chatham SS via
a 13 km double circuit 230 kV overhead tap linem8mf the load at Kingsville TS, connected to 1¥5 k
circuits K2Z and K6Z, will be transferred to theoact. Hydro One is considering the following tvead
transfer options:

A. Retain four transformers with 124 MW of load at g$wille TS and transfer the remaining
Kingsville load to the project.

B. Retain two transformers with 54 MW of load at Kiadje TS and transfer the remaining
Kingsville load to the project.

Figure 1 shows the single-line diagram of the psggloproject. The station will consist of two 75/M&b
MVA, 215.5/27.6/27.6 kV transformers each with & X¥ disconnect switch on the high voltage side of
the transformer. The 27.6 kV buses will be sepdrhtea normally open bus-tie breaker and a shunt
capacitor bank rated at 21.6 Mvar@28.8 kV will bstalled on one of the 27.6 kV buses. The load will
be fed from a total of six feeders. The plannedanvice date is May 31, 2016.
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Figure 1: Single Line Diagram of Leamington TS
— End of Section —
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2. General Requirements

The connection applicant shall satisfy all appllealequirements and standards specified in the &ark
Rules and the TSC. The following sections highligrine of the general requirements that are apgpdicab
to the project.

2.1 Reliability Standards

As currently assessed the project does not falliwihe NPCC definition of BPS. As such, the pcoje
will not have any elements classified as BPS anidwt have to meet any NPCC reliability obligatson

NERC's new definition of the BES will be effectiie Ontario July 1, 2014. As currently assessededbas
on this new definition, the project will not haveyselements classified as BES and will not have¢et
any NERC reliability obligations.

The project is required to meet obligations andiiregnents of the Market Rules. The project’'s BP& an
BES classifications will be re-evaluated by the @E&s the electrical system evolves.

2.2 Voltage Requirements

Appendix 4.1 of the Market Rules states that umdemal operating conditions, the voltages in thé 23
kV system in IESO-controlled grid are maintainedhivi the range of 220 kV to 250 kV. Thus, the
project’s 230 kV connection equipment must haveaaimum continuous voltage rating of at least 250
kV.

Any protective relay settings must be set to enshat connection equipment remains in-service for
voltages up to 5% above the maximum continuousevapecified in Appendix 4.1 of the Market Rules,
to allow the power system to recover from transggsiurbances.

2.3 Connection Equipment Design

The connection applicant shall ensure that theeptig 230 kV connection equipment is designed to be
fully operational in all reasonably foreseeable eambtemperature conditions. The connection equigme
must also be designed so that the adverse effeitssfailure on the IESO-controlled grid are métgd.

2.4 Fault Levels

The TSC requires connection equipment connectirtgedransmission system be designed to withstand
the fault levels in the area where the equipmeimstlled. Thus, the connection applicant shadiuea
that the project’'s connection equipment is desigoedithstand the fault levels in the area. If dature
system changes result in an increased fault leigbleh than the equipment’s capability, the conmecti
applicant is required to replace the equipment \wigher rated equipment capable of withstanding the
increased fault level, up to maximum fault levet¢afied in the TSC. Appendix 2 of the TSC estaldssh
the maximum fault levels for the transmission syste

For the 230 kV system, the maximum 3 phase symaoadtiault level is 63 kA and the maximum single
line to ground symmetrical fault level is 80 kA @adly limited to 63 kA).
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2.5 Voltage Reduction Facilities

Appendix 4.3 of the Market Rules requires thatriigtors connected to the IESO-controlled grid with
directly connected load facilities of aggregatetincaof 20 MVA or more and with the capability to
regulate distribution voltage under load, shaltdiisand maintain facilities and equipment to powvi
voltage reduction capability. Voltage reduction alifity represents the capability of reducing dedchiap
lowering the customer voltage by 3% and 5% witlwe iminutes of receipt of direction from the IESO.
This is required to achieve load reduction duriegqds when supply resources are limited. The gelta
reduction capability can be achieved by installingler-load tap changers (ULTC) at the project.

2.6 Power Factor

Appendix 4.3 of the Market Rules requires conneetbdlesale customers and distributors connected to
the IESO-controlled grid to have the capabilityraintain the power factor within the range of 0.9
lagging and 0.9 leading as measured at the defireddr point of the project.

2.7 Under Frequency Load Shedding Facilities

The connection applicant has an aggregate pealalaatlits owned facilities, including the propdse
project that is greater than 25 MW. Thus, the cotioe applicant is required to participate in thell$
program according to Section 4.5 of the Market Mamart 7.4.

The connection applicant is required to install 3Hacilities at the proposed project to allow fbet
detection of under-frequency conditions and thectieln and tripping of load via circuit breakers.

The connection applicant must select 35% of agdeegeak load among its owned facilities for under-
frequency tripping, based on a date and time specify the IESO that approximates system peak,
according to section 10.4 of Chapter 5 of the MaRudes.

As the connection applicant has a peak load of M@0 or greater at all its owned facilities, the UFLS
relay connected loads shall be set to achievertfmats to be shed stated in the following table:

Load Shed at stage Cumulative Load
UFLS Frequency Total Nominal 19€ | Shed at stage as
. . as % of Connection ;
Stage Threshold (Hz) | Operating Time (s) . ) % of Connection
Applicant’s Load : X
Applicant’s Load
1 59.5 0.3 7-9 7-9
2 59.3 0.3 7-9 15-17
3 59.1 0.3 7-9 23-25
4 58.9 0.3 7-9 32-34
Anti-Stall 59.5 10.0 3-4 35-37

The requirements in the table above are curremijed review. The IESO will notify the connection
applicant of any impending changes to which theneation applicant will have to comply.

Capacitor banks connected to the same facilithadaad should be shed by UFLS relay at 59.5 Hia wit
a time delay of 3 seconds.
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The maximum load that can be connected to any esiifLS relay is 150 MW to ensure that the
inadvertent operation of a single under-frequeradayr during the transient period following a system
disturbance does not lead to further system ingtabi

2.8 IESO Telemetry Data

In accordance with Section 7.5 of Chapter 4 ofMtagket Rules, the connection applicant shall previd
to the IESO the applicable telemetry data for tr@eget as listed in Appendix 4.17 of the Market &l
on a continual basis. The data shall be providextaordance with the performance standards sét ifort
Appendix 4.22, subject to Section 7.6A of Chaptef the Market Rules. The whole telemetry list vod
finalized during the IESO Market Entry/Facility Rsigation process.

The connection applicant must install monitoringuipgnent that meets the requirements set forth in
Appendix 2.2 of Chapter 2 of the Market rules. Astpf the IESO Market Entry/Facility Registration
process, the connection applicant must also comgledtl to end testing of all necessary telemetrgtpoi
with the IESO to ensure that standards are mettlaaidsign conventions are understood. All found
anomalies must be corrected before IESO final agghto connect any phase of the project is granted.

2.9 Revenue Metering

If revenue metering equipment is being installegas of the project, the connection applicant $thde
aware that revenue metering installations must ¢pmwih Chapter 6 of the IESO Market Rules. For
more details the connection applicant is encouragextek advice from their Metering Service Prowide
(MSP) or from the IESO metering group.

2.10 Protection Systems

The connection applicant shall ensure that theept@j protection systems are designed to satisfthal
requirements of the TSC. New protection systemstring coordinated with the existing protection
systems.

As currently assessed by the IESO, the projectoisconsidered essential to the power system and
therefore does not require redundant protectiotesys in accordance with section 8.2.1a of the TI8C.
the future, as the electrical system evolves, tbgept may be designated as essential by the |ESthat
case these redundant protections systems would teagatisfy all requirements of the TSC, and in
particular, they could not use common componemtsinaon battery banks or common secondary CT or
PT windings.

The project’s protection systems must only trip #ppropriate equipment required to isolate thetfaul
After the facility begins commercial operationaif improper trip of the 230 kV circuit(s) C21J an2RJ
occurs due to events within the facility, the faigilmay be required to be disconnected from theQES
controlled grid until the problem is resolved.

The project shall have the capability to ride tlglouroutine switching events and design criteria
contingencies in the grid that do not disconneet hoject by configuration. Standard fault detattio
auxiliary relaying, communication, and rated breakeerrupting times are to be assumed.
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As currently assessed by the IESO, the projectoisraquired to be part of an SPS. However, the
connection applicant is required to have adequatégion in the design of protections and contatlghe
facility to allow for future installation of Spedi&rotection Scheme (SPS) equipment. Should adutur
SPS be installed or an existing SPS be expandechgmve the transfer capability in the area or to
accommodate transmission reinforcement projectsfability may be required to participate in theSSP
system and to install the necessary protectioncandrol facilities to affect the required actiofihiese
SPS facilities must comply with the NPCC ReliapiliReference Directory #7 for Type 1 SPS. In
particular, if the SPS is designed to have ‘A’ @dprotection at a single location for redundantyey
must be on different non-adjacent vertical mountisgemblies or enclosures. Two independent trig coi
are required on the breakers selected for L/R.

2.11 Restoration Requirements

The connection applicant is currently a restoragiarticipant. The connection applicant is requiad
update its restoration participant attachment ¢tuste details regarding the project. For moreitieta
please refer to the Market Manual 7.8. Detailsirding restoration participant requirements will be
finalized in the IESO Market Entry/Facility Regition process.

As currently assessed by the IESO, this facilityas classified as a Key Facility that is requited
establish a Basic Minimum Power System followingyatem blackout. Key Facility and Basic
Minimum Power System are terms defined in the NE&Ig&ssary of Terms.

2.12 |IESO Market Entry/Facility Registration

The connection applicant must initiate and complletelESO Market Entry/Facility Registration proges
for the project in a timely manner before IESO ffimpproval for connection is granted.

Equipment data must be provided to the IESO at Ieagen months before energization to the IESO-
controlled grid, to allow the IESO to incorporahéstproject into IESO work systems and to perfony a
additional reliability studies. The data may berskawith other reliability entities in North Amedcas
needed to fulfill the IESO’s obligations under tlarket Rules, NPCC and NERC rules.

The IESO will confirm that the data for the equiptnmstalled meets the Market Rules requirementls an
matches or exceeds the performance predictedsraiiessment. If the submitted data differs mélteria
from the ones used in this assessment, then fuaihalysis of the project will need to be done by th
IESO.

At the sole discretion of the IESO, performancdstesay be required at transmission facilities. The
objectives of these tests are to demonstrate tipapment performance meets the IESO requirements,
and to confirm models and data are suitable foQp8rposes

— End of Section —
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3. Data Verification

3.1

Connection Arrangement

The connection arrangement of the project, as shiowigure 1, will not reduce the level of reliatyilof
the integrated power system and is, therefore paabke to the IESO.

3.2

Equipment Data

The connection equipment specifications were aeddsased on the information provided by the

connection applicant.

3.2.1

Tap Line

Table 1: 230 kV Overhead Tap Line

Length Maximum Summer Ratings (A) Positive Sequence Impedance
?k :1 ) | Operating 352C 4 km/h (pu, Se= 100 MVA, V=220 kV)
(kV) Cont LTE STE R X B
13 250 1060 1400 | 1900 | 0.002168 | 0.01332 0.021006
3.2.2 230 kV Disconnect Switch
Table 2: Specifications of the 230 kV Disconnect $iwh
N:;nbbeer Maximum Continuous Continuous Current Short Circuit
installed Voltage Rating (kV) Rating (A) Symmetrical Rating (kA)
To be provided by
2 250 Hydro One 63

The 230 kV disconnect switch has a maximum contisumltage rating of 250 kV and a short circuit
symmetrical rating of 63 kA which meet the requiegnts and standards in the Market Rules and TSC.

3.2.3 230 kV Transformer
Table 3: Specifications of the 230 kV Transformer
Unit Transformation Rating (MVA) P:)ni':::aiizu(i:‘;e Configuration High Voltage ULTC
(kV) (ONAN/ONAF/OFAF) S,= 62.5 MVA H L T Tap Changer
HT: 0.00487+j0.17867 Zig-2ag Zig-2ag
. . . + 1 +
TYT2 | 215.5/27.6-27.6 75/100/125 HL: 0.00489+j0.17750 | Yg tﬁ:g;m:ids tﬁrrs;m:idS 215'516‘:2 k:/'”‘
LT: 0.0199+j0.32559 gh gh = P
ohm reactor [ohm reactor
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3.2.4  Shunt Capacitor

Table 4: Specifications of the 27.6 kV Shunt Capaair

Rated Capacitance at

Rated Voltage Ratec:k\c;ltage Nominal S\(/:\t;m Voltage
(Mvar)
21.6 28.8 27.6

— End of Section —
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4. Fault Level Assessment

As the LV winding of the transformers is configuiZ&dzag and there is no major synchronous motor
load to be supplied, the project will not change fédwlt levels in its surrounding area for bothHape
and L-G faults. Thus, short circuits studies weseaonducted.

— End of Section —
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5. Protection Impact Assessment

A Protection Impact Assessment (PIA) was compleiedlydro One to examine the impact of the project
on existing transmission system protections. A aoipiyhe Protection Impact Assessment can be foond i
Appendix C of this report.

No changes to the existing protection settingsatiKTS and Chatham SS are required due to the
incorporation of the project as the increase inaa@mpt impedance is negligible. The existing zone 1
protection settings at Keith TS will cover the wddi3 km overhead line tap that connects the faddit
the IESO-controlled grid. The existing zone 2 pcttn settings at Chatham SS and Keith TS will heac
into a portion of the transformers at the facility.

The incorporation of the project will require ink&on of new communication links and modificatsoto
the existing C21J and C22J protection systems i K& and Chatham SS. Dual communication links
between the project and one of Keith TS or ChatB&are required to send transfer trip signals

The proposed protection changes will have no nadtadverse impact on reliability of the IESO-
controlled grid.

Hydro One must submit any protection modificatitimst are different from those considered in thi& S
at least six (6) months before any modificatiorestarbe implemented on the existing protectionesyst
If those modifications result in adverse relialilinpacts, mitigation solutions must be developed.

— End of Section —
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6. Impact on System Reliability

The technical studies focused on identifying thpant of the project on the reliability of the IESO-
controlled grid. They include a thermal loadingesssnent of local transmission lines and transfasmer
and a voltage assessment of local buses undefisgki conditions.

6.1 Existing System

The Windsor area is bounded by 230 kV circuits Ca8d C24Z from Chatham to Lauzon, C21J and
C22J from Chatham to Keith and J5D from Keith t@Mgan. There are three wind generating stations
Comber West and East connected to C23Z and C242cteely, Port Alma | and Il connected to C24Z
and Dillon connected to C23Z. The Windsor 115 k¥adoad is supplied from Lauzon 230/115 kV
autotransformers T1 and T2, Keith 230/115 kV aarmdformers T11 and T12, West Windsor CGS G1
and G2, East Windsor CGS G1 and G2, Windsor TraagdGS G1 and G2, Brighton Beach CGS G1A,
Pointe Aux Roches WGS and Goshen WGS.

The Windsor area is summer peaking and is suséepdila variety of operational problems including
pre-contingency voltage instability, post-continggroltage decline and thermal overload. As a teaul
number of special protection schemes are emplayéatilitate operation of the area which are all
included as part of the Windsor Area Special PtaiacScheme (SPS). This SPS includes contingency
based generation rejection and cross-tripping serarifeith TS, a contingency based load rejection
scheme at Lauzon TS, under-voltage load rejectiberae at Kingsville TS and high voltage switching
scheme at Kingsville TS.

Past completed SIAs relating to new or modifiedn@ations in the Windsor area have identified thérma
overload and under-voltage concerns. Thermal oadd®n circuits K2Z or K6Z and under-voltages at
Kingsville have been previously identified in SIA@-332. Thermal overloads or congestion on ciscuit
J3E, J4E and Keith T12 have been highlighted iniptes SIAs (2005-203, 2007-268, 2008-343, 2010-
381, 2010-382, 2010-383, 2010-405).

Figure 2 provides an overview of the transmissiggiesn in the vicinity of the proposed project.

EAST WINDSOR CGS ESSEXTS LAUZON TS CHATHAM SS

=

115 KV GOSFIELD WGS

FORD FORD ANNEX GM WINDSOR CHRYSLER | TA WINDSOR CGS K6z JN VL

WINDSOR MTS MmTS mTS MTS W\N
o % KETHTS \AJ\N \AJ\N \J\N \AlN

WLV WLV \AlN WL/ NrA -
TO LAMBTON TS
Kz L29¢C

w44LC TO LONGWOOD TS
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& BUCHANAN TS
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e —— |_sarc
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Figure 2: Transmission System in the vicinity of Lamington TS

Final Report — June 9, 2014 CAA 2013-507 15




Impact on System Reliability Public CAA 2013-507

6.2 Assumptions

In this assessment, the 2014 summer base casesa@svith the following assumptions:

(1) Transmission facilities All existing transmission facilities and futureoposed transmission system
upgrades with 2016 in-service dates or earlier wsseimed in-service.

Of the proposed transmission system upgradesotioaving were not assumed in-service:
» Transformer Replacement at Keith TS (2007-265)
» Tilbury West DS Second 115 kV Connection (2008-332)

(2) Generation facilities: All existing and committed major generation fam with 2016 in-service
dates or earlier were assumed in-service unlesswise specified.

(3) Load Facilities: All major load facilities with 2016 in-service @ator earlier were assumed in-
service.

(4) Load Forecast:Hydro One provided the extreme weather coincideakgoad forecast after
conservation from 2016 to 2026 for the project #ralstations in its vicinity in the Windsor 230 /

115 kV area. For the purposes of the study any dddskgeneration at these stations was assumed

out of service. The load forecast for the Winds&8®/215 kV area is displayed in Table 5.

Table 5: Load Forecast for Windsor 230/115 kV areatations
Load Forecast (MW)

station 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026
Belle River TS 454 | 460 | 465 | 47.0 | 475 | 480 | 486 | 491 | 496 | 50.1 | 50.6
Chrysler MTS 327 | 327 | 328 | 328 | 329 | 329 | 330 | 331 | 331 | 332 | 332
Crawford TS 66.1 | 663 | 665 | 668 | 67.0 | 673 | 67.5 | 67.7 | 680 | 682 | 685
EssexTS 543 | 546 | 548 | 550 | 552 | 554 | 55.6 | 559 | 56.1 | 563 | 56.5
Ford Annex MTS 84 | 84 | 84 | 84 | 84 | 84 | 84 | 84 | 84 | 84 | 84
Ford Essex CTS 80 | 80 | 81 | 81 | 81 | 81 | 81 | 82 | 82 | 82 | 82
* Ford Windsor MTS 176 | 176 | 17.6 | 17.7 | 17.7 | 17.8 | 178 | 178 | 179 | 179 | 17.9
G.M.Windsor MTS 07 [ 07 [ 07 [ 07 [ 07 [ 07 [ 07 [ 07 [ 07 | 07 | 07
Keith TS T1 56 | 57 | 57 | 58 | 58 | 59 | 60 | 60 | 61 | 62 | 62
Tilbury TS 00 [ 00 [ 00 [ 00 [ 00 [ 00 [ 00 [ 00 [ 00 | 00 | 00
Tilbury West DS 175 | 176 | 176 | 17.7 | 17.8 | 17.9 | 180 | 181 | 181 | 182 | 183
Walker TS #1 741 | 743 | 746 | 748 | 750 | 753 | 755 | 757 | 759 | 762 | 76.4
Walker MTS #2 865 | 867 | 87.0 | 87.2 | 875 | 87.8 | 880 | 883 | 885 | 888 | 89.1
Kingsville TS—Option A | 124.0 | 124.0 | 124.0 | 124.0 | 124.0 | 124.0 | 124.0 | 1240 | 124.0 | 124.0 | 124.0
| Kingsville TS—Option B | 540 | 540 | 540 | 540 | 540 | 540 | 540 | 540 | 540 | 540 | 540 |
Leamington TS—Option A | 22.5 | 26.9 | 28.4 | 299 | 31.5 | 33.0 | 346 | 362 | 37.8 | 39.4 | 410
| Leamington TS—OptionB | 92.5 | 969 | 984 | 99.9 | 1015 | 103.0 | 104.6 | 106.2 | 107.8 | 109.4 | 111.0 |
Keith TS T22/T23 440 | 443 | 446 | 450 | 455 | 46.0 | 465 | 47.0 | 475 | 480 | 485
Malden TS 119.0 | 119.7 [ 1205 | 121.2 | 121.9 | 1226 | 1233 | 124.1 | 124.8 | 1255 | 126.2
Lauzon TS 185.3 | 186.2 | 187.1 | 188.0 | 188.9 | 189.8 | 190.7 | 1916 | 192.4 | 1933 | 194.2
TOTAL 911.7 | 919.7 | 924.9 | 930.1 | 935.4 | 940.9 | 946.3 | 951.9 | 957.1 | 962.6 | 967.9

* The Windsor area motor plants were assumed Irpfolduction at the time of the summer peak. Hetieeforecast at Ford Windsor MTS
was assumed to be close to the 2013 historical jpaakat this station as opposed to the load atdirecident peak
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As seen from the load forecast, Hydro One is camsid the following two load transfer options:

A. Retain four transformers with 124 MW of load at g$wille TS and transfer the remaining

Kingsville load to the project.

B. Retain two transformers with 54 MW of load at Kiadje TS and transfer the remaining

Kingsville load to the project.

(5) Load power factor: The power factor was assumed to be 0.9 at thevotihge buses of the project

(6) Base cased-our base cases with 2026 summer peak load, uadeus generation dispatches and
load transfer options A & B were used. The genenatispatch was chosen to stress the 230 kV
circuits C21J and C22J under high flow east and e@wditions. The base cases employed the
following assumptions:

The Ontario demand was assumed 27,820 MW, ancetinard in the Western zone was
assumed 3,001 MW based on the extreme weather supeale load forecast available to the
IESO for the year 2026;

Load level at individual stations in the vicinitythe project were set to the forecasted load level
for 2026 as shown in Table 5;

The Windsor 115 kV area was assumed closed irstady which means that there is a
continuous 115 kV transmission path between Ladmand Keith TS;

The Windsor area SPS was assumed in-service;

Under high flow east conditions, the import fromckligan on J5D and the Brighton Beach
output was maximized to achieve a high flow eaghenC21J and C22J circuits while not
violating the continuous rating of circuits J3E aldE pre-contingency. In addition, the rest of
the generation in the Windsor 230 and 115 kV aras avspatched at full output to stress the
C21J and C22J circuits flowing east.

Under high flow west conditions, the export to Mgdm on J5D was assumed to be 400 MW
based on historical data. In addition, low wind \aasumed with all wind generation out of
service and all gas generation dispatched at €afhut in the Windsor 230 and 115 kV area with
the exception of Brighton Beach. At Brighton Beaathe unit was assumed out of service and the
other two units were dispatched in order to sttessC21J, C22J, C23Z and C24Z circuits
flowing west to the maximum historical levels.

With load transfer option B (54 MW of load at Kingte), the Lauzon capacitor was required to
be switched out of service and the Keith capaeitas switched in-service pre-contingency in
order to maintain acceptable voltages pre- andgmsingency. This was done to avoid post-
contingency over-voltages on the Lauzon 115 kVesydor the double circuit loss of Z1E and
Z7E which is a NERC TPL-001-4 Bulk Electric SystBanning Performance Event as there
were no control actions available post-contingefitys will be discussed further in Section 6.6.

Table 6 lists the generation dispatch, load assoemjpt Kingsville, 115 kV capacitor statuses aral th
flow on J5D, C21J and C22J for the four scenafds,S2, S3 and S4 that were studied:
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Table 6: Base case scenarios
Scenario S1 S2 S3 S4
Flow on J5D (+ out of 137 MW 137 MW 388 MW 388 MW
Ontario)
5G] é:::tjhaa': €22} at 222 MW -186 MW 494 MW 527 MW
Brighton Beach 530 MW 530 MW 186 MW 186 MW
West Windsor 116 MW 116 MW 116 MW 116 MW
TA Windsor 69 MW 69 MW 69 MW 69 MW
East Windsor 90 MW 90 MW 90 MW 90 MW
Gosfield 50 MW 50 MW 0 MW 0 MW
Pointe Aux Roches 49 MW 49 MW 0 MW 0 MW
Comber East and West 166 MW 166 MW 0 MW 0 MW
Port Almal & II 202 MW 202 MW 0 MW oMw
Dillon 78 MW 78 MW 0 MW oMW
South Kent 269 MW 269 MW 0 MW oMW
Kingsville TS load in 2026 124 MW 54 MW 124 MW 54 MW
tswemaersas | 0GPOR | Kmans [ anaeon | ol

6.3 Contingencies

Contingencies were performed based on the NERCOML4 BES Planning Performance Events. All
four scenarios were subjected to the same contongefor voltage and thermal analysis.

The following is the list of all contingencies sitated for thermal and voltage analysis.

Table 7: List of Simulated Contingencies
N-1 Contingencies (All elements 1/S — Single Contingencies)

C21J /C22) C23z/C24z J5D J20B
C31 J3E/J4E Z1E / Z7E J1B
J2N Keith A Bus K2z K6z

N-2: Tower Contingencies (All elements 1/S — Double Contingencies)
C21J+C232 C21J+C22) C22J+C247 C23Z+C242
J3E+JAE Z1E+Z7E

N-2: Breaker Failure (BF) Contingencies (All elements 1/S — Double Contingencies)

J20B + C22J- Keith 230 HL20 BF

J5D + C22J — Keith 230 HL5
BF

J20B + Keith A Bus — Keith 230
AL20 BF

J5D + Keith A Bus — Keith 230
ALS5 BF

C21J + Keith A Bus - Keith 230
C21J BF

C21J + Chatham D Bus —
Chatham 230 DL21 BF

C23Z + Chatham D Bus —
Chatham 230 DL23 BF

C31 + Chatham D Bus —
Chatham 230 DL31 BF

C22J+J2N — Keith T12P BF

J1B+J2N — Keith L1P BF

J3E+J2N — Keith L3P BF

Keith A Bus +J2N — Keith T11P
BF

JAE+)1B — Keith L1L4 BF

Z7E+C23Z — Lauzon T1L7 BF

C24Z+Lauzon cap — Lauzon
T2K BF

18
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N-1-1: Contingencies (Outage condition + contingency)
J20B+C21)J Keith A Bus + C232/C24Z Keith A Bus + C22) Keith A Bus +J1B
Chatham K Bus + loss of C22J open ended at C21J open ended at Chatham | Z7E + C21J
Chatham D Bus Chatham + Keith C21J IBO + Keith C21J IBO
Z7E + C24Z J3E+C21) J3E + C23Z/C242 J3E+Z7E

6.4 Permissible Control Actions

In the Windsor area, permissible control actions lea used to manage thermal or voltage concerns
following the contingencies listed in Table 7. Taéé@sclude generation re-dispatch or curtailment of
imports or exports on circuit J5D within 15 minufteBowing contingencies and arming of the Windsor
Area SPS. Listed below are some of the controbastavailable with the Windsor Area SPS:-

* Kingsville transformer switching — This is parttbke Kingsville high voltage switching scheme
which switches back in a third transformer at Kinths TS following the loss of two of the four
transformers at Kingsville TS.

* Mode A Essex Bus Split- This is part of the Kajineration rejection and cross-tripping scheme
which splits the Essex bus by opening Essex bredkHdr9, L7L8 and T6Z for contingencies
included in the scheme. This split results in aiscd3E, J4E, E8F and E9F being supplied from Keith
TS and circuits Z1E, Z7E and load at Essex TS bsupgplied from Lauzon TS.

» Brighton Beach generation rejection (BB G/R) —Tikipart of the Keith generation rejection and
cross-tripping scheme which rejects Brighton Beadits that are armed for contingencies included
in the scheme.

» Kingsville load rejection (L/R) — This is part d¢fe Lauzon load rejection scheme which provides
selection of load to be rejected at Kingsville TiSwo stages for contingencies included in the
scheme with each stage consisting of half the Kiifigdoad.

» Bell River load rejection (L/R) — This is part ¢fet Lauzon load rejection scheme for which all the
load at Bell River TS can be rejected for contirges included in the scheme.

* Kingsville capacitor switching — This is part oethauzon load rejection scheme which provides
selection of capacitors at Kingsville TS to be stwid out in two stages for contingencies included i
the scheme with each stage consisting of two Kiligszapacitors.

6.5 Thermal Assessment and Load Security

TheOntario Resources and Transmission Assessment Criteria (ORTAC) specify the following criteria for
load security on thermal loading of transmissianilitees:

Criterion I: With all the transmission facilities service, equipment loading must be within
continuous ratings.
Criterion Il With one element out of service, gmuient loading must be within applicable long-

term ratings and not more than 150 MW of load mayniterrupted by configuration.
Planned load curtailment or load rejectiercluding voluntary demand managemen
permissible only to account for local generatioteges.

Criterion 11I: With two elements out of service,lsgment loading must be within applicable short-
term emergency ratings. The equipment loading teiseduced to the applicable long-
term emergency ratings in the time afforded bysthert-time ratings. Planned load
curtailment or load rejection exceeding 150 MWaesrpissible only to account for loc
generation outages. Not more than 600 MW of load basinterrupted by configuration
and by planned load curtailment.
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Table 8 lists the thermal ratings of the monitac&duits in Amperes and transformers in MVA thatreve
provided by Hydro One. The circuit's conductormgs were calculated for summer weather conditions
with ambient temperature of 35 and wind speed of 4 km/h. The continuous ratfogshe conductors
were calculated at the lower of the sag temperatu@$C operating temperature. The LTE ratings for
the conductors were calculated at the lower otwetemperature or 127 operating temperature. The
STE ratings were calculated at the sag temperatitinel 00% continuous pre-load.

Table 8: Circuit Section and Transformer Summer Themal Ratings

Circuit/ Circuit Section Continuous LTE STE
Transformer From To A/MVA A/MVA | A/MVA
C21) Keith TS Malden TS 840 1020 1100
C21) Malden TS Sandwich JCT 840 1020 1100
Cc21) Sandwich JCT Leamington TS 1060 1370 1570
Cc21) Leamington TS Chatham SS 1060 1370 1570
C22) Keith TS Malden TS 840 1020 1100
C22) Malden TS Sandwich JCT 840 1050 1150
C22) Sandwich JCT Leamington TS 840 1020 1100
C22) Leamington TS Chatham SS 840 1020 1100
C23z Lauzon TS Sandwich JCT 1060 1400 1900
C23z Sandwich JCT Comber WF JCT 1060 1400 1840
€23z Comber WF JCT KEPA WF JCT 1060 1400 1840
€23z KEPA WF JCT Dillon RWEC JCT 1060 1400 1690
€23z Dillon RWEC JCT Chatham SS 1060 1400 1690
C24z Lauzon TS Sandwich JCT 1060 1400 1900
C24z Sandwich JCT Comber WF ICT 840 1040 1130
C24z Comber WF JCT KEPA WF JCT 840 1040 1130
C24z KEPA WF JCT Chatham SS 840 1020 1100
J3E Keith TS Crawford JCT 810 1070 1390
J3E Crawford JCT Essex TS 810 1070 1390
JAE Keith TS Crawford JCT 810 1000 1090
JAE Crawford JCT Essex TS 810 1000 1090
Z1E Essex TS Windsor Transalta JCT 970 1260 1430
Z1E Windsor Transalta JCT Walker JCT 970 1260 1430
Z1E Walker JCT Jefferson JCT 870 1140 1390
Z1E Jefferson JCT Lauzon TS 910 1190 1370
Z7E Essex TS Walker JCT 970 1260 1430
Z7E Walker JCT Jefferson JCT 870 1140 1390
Z7E Jefferson JCT Lauzon TS 910 1190 1370
Lauzon T1 250 296.8 364.2
Lauzon T2 250 296.8 364.2
Keith T11 115 180.3 224.5
Keith T12 115 160.3 187.5
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6.5.1  Kingsville Local Supply

Kingsville TS is connected to 115 kV radial ciraui€2Z and K6Z through four transformers with two
transformers on each circuit. For loss of one efdincuits, the Kingsville load is supplied by the
remaining two transformers connected to the congacirculit.

Thermal analysis was performed to compare the dad transfer options from Kingsville. The loading
on K6Z for loss of K2Z is presented below as K62 lmaver thermal ratings than K2Z. Under option A,
with four transformers and 124 MW of load at Kinidjgy for the loss of K2Z the two remaining
transformers are above their combined summer 10-@&yof 112 MVA. This overload can be mitigated
by using the Kingsville transformer switching cataction in option A. Under option B, with two
transformers and 54 MW of load at Kingsville, foetloss of K2Z the remaining transformer with the
more limiting rating is above its summer 10-day La#54.5 MVA. Hydro One has indicated that for
option B they have plans to replace this transfonwvith a new transformer that has a higher 10-daR L

Table 9 shows a comparison of the two load trargféions from Kingsville TS to the project with the
Kingsville transformer switching control action dse option A.

Table 9: Thermal Loading on K6Z for the two load transfer options

Option A: 124 MW with 4 R
L. . transformers at Kingsville with 2 transformers
_ Circuit Section LTE STE at Kingsville
Circuit
K2z K2Z - 62 MW K2z
Kingsville L/R
From To A A A % LTE A % LTE A % LTE
K6z Lauzon TS Lauzon JCT 1070 1200 728.9 68.1 316.2 29.5 427.1 39.9
K6z Lauzon JCT Rourke Line JCT 1070 1200 728.9 68.1 316.2 29.5 427.2 39.9
K6Z Rourke Line JCT Belle River TS 620 640 260.1 42 243.3 39.2 259.7 41.9
K6Z Belle River JCT Rourke Line JCT 1070 1200 | 479.4 44.8 104.8 9.8 252.4 23.6
K6z Pte-Aux-Roches BelleRiverJCT | 620 | 730 | 479.7 | 774 | 1044 | 168 253 40.8
WEF JCT
K6Z Kingsville TS Pte-Aux-Roches 580 590 | 665.7 | 114.8 322.8 55.7 331.4 57.1
WEF JCT

From Table 9 it is noticed that under option Alfmss of K2Z, there are post-contingency overloads
above the short-term emergency rating on a seofioircuit K6Z that supplies Kingsville TS. The
Lauzon load rejection (L/R) scheme which is parthef Windsor Area SPS can be used in this scet@rio
reject half the load at Kingsville (62 MW) and redithe loading within the LTE rating of K6Z.
However, this is a violation of tHeRTAC criteria as with one element out of service, eqpt loading
must be within applicable long-term ratings, and lad rejection is permissible only to account for
local generation outages. Since there are no game@utages in this scenario, load rejection is no
permitted. Under option B for this scenario, thisreo overload condition on K6Z. Hence, option Bhis
recommended option.

6.5.2  High Flow East Conditions

All elements in-service: Pre-contingency

The pre-contingency thermal loading for the twallti@nsfer options from Kingsville under high flow
east (HFE) conditions, which represent past histdbrnaximum transfers, in scenarios S1 and S2 are
presented in Table 10. The pre-contingency flowalbmonitored elements are within their continuous
ratings for both load transfer options under HFRditions. The flows are in Ampere for circuits and
MVA for transformers.
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Table 10: Pre-contingency thermal loading under HFEconditions - All Elements I/S
Circuit/ Circuit Section Continuous $1-124 MW at $2- 54 MW at
Transformer Kingsville Kingsville
From To A/MVA A/MVA | % Cont | A/MVA | % Cont
c21) Keith TS Malden TS 840 499.2 59.4 538 64
c21) Malden TS Sandwich JCT 840 358.5 42.7 391.6 46.6
C21) Sandwich JCT Leamington TS 1060 355.5 335 389.4 36.7
c21) Leamington TS Chatham SS 1060 314.2 29.6 290.1 27.4
C22) Keith TS Malden TS 840 493.5 58.7 531.6 63.3
C22) Malden TS Sandwich JCT 840 353.7 42.1 385.6 45.9
C22) Sandwich JCT Leamington TS 840 350.5 417 383.2 45.6
C22) Leamington TS Chatham SS 840 310.1 36.9 286.9 34.2
C23z Lauzon TS Sandwich JCT 1060 2239 21.1 216.4 20.4
C23z Sandwich JCT Comber WF JCT 1060 216.4 20.4 207.2 19.5
€23z Comber WF JCT KEPA WF JCT 1060 155.2 14.6 188.5 17.8
€23z KEPA WF JCT Dillon RWEC JCT 1060 146.1 13.8 180.1 17
€23z Dillon RWEC JCT Chatham SS 1060 286.5 27 332.8 31.4
Cc24z Lauzon TS Sandwich JCT 1060 284.1 26.8 263.8 24.9
C24z Sandwich JCT Comber WE JCT 840 279 33.2 257.2 30.6
C24z Comber WF JCT KEPA WE ICT 840 145.6 17.3 157.4 18.7
C24z KEPA WEF ICT Chatham SS 840 476.4 56.7 523.3 62.3
J3E Keith TS Crawford ICT 810 803.2 99.2 755.9 93.3
J3E Crawford JCT Essex TS 810 609.9 75.3 547.5 67.6
JAE Keith TS Crawford ICT 810 778.8 96.2 726.2 89.7
J4E Crawford JCT Essex TS 810 630.6 77.8 575 71
Z1E Essex TS Windsor Transalta JCT 970 410.1 42.3 3134 32.3
Z1E Windsor Transalta JCT Walker JCT 970 727 74.9 643.6 66.3
Z1E Walker JCT Jefferson JCT 870 399.2 45.9 267.5 30.7
Z1E Jefferson JCT Lauzon TS 910 387.3 42.6 251.7 27.7
Z7E Essex TS Walker JCT 970 719.3 74.2 652.8 67.3
Z7E Walker JCT Jefferson JCT 870 396.9 45.6 263.3 30.3
Z7E Jefferson JCT Lauzon TS 910 385.5 42.4 248.2 27.3
Lauzon T1 250 50.3 20.1 70.1 28
Lauzon T2 250 34.4 13.7 49.5 19.8
Keith T11 115 50.3 43.7 349 30.4
Keith T12 115 56.7 49.3 39.4 34.3

Post-contingency

Table 14 to Table 19 in Appendix A show the pasttingency flows for the monitored circuits for
scenarios S1 and S2 under HFE conditions followimgtingencies listed in Table 7. The simulation
results show that the post-contingency thermalitggdin the Windsor 230 and 115 kV systems remain
within applicableORTAC criteria with the utilization of appropriate contextions. For scenario S2 with
Kingsville load transfer option B, the post-con&ngy loadings are lower and less control actioas ar
required. Hence, option B is better than option A.
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Under scenarios S1 and S2 for the Lauzon T1L7 lerefailure which results in the loss of circuitseZ7
and C23Z shown in Table 16 and Table 17 respegtivalltiple control actions are needed to mitigate
post-contingency thermal loadings in the Windsds RY system. Arming load rejection as part of the
Lauzon L/R scheme in the Windsor Area SPS for ¢tds&7E or C23Z with all elements in-service and all
local generation in-service was not considereds ot allowed based on t&RTAC criteria, where

load rejection is permissible only to account fordl generation outages when one element is out of
service.

This event could be better managed if the Lauzéhdoheme which is part of the Windsor Area SPS was
expanded to include this contingency. It is recomaeel that Hydro One consider expanding the Lauzon
L/R scheme as part of the Windsor Area SPS to decthe selection of load rejection (L/R) for the
Lauzon T1L7 breaker failure which is a NERC TPLABUBES Planning Performance Event. This
would provide greater operating flexibility

Load Restoration

For the loss of double circuits C23Z and C24Z,Itlzel at Lauzon is tripped and can be restored by
opening the 230 kV disconnect switches at LauzotherC23Z and C24Z circuits and closing the 115
kV and 27.6 kV transformer breakers at Lauzon. Was studied as it shows a comparison in the
capability to restore load on the Windsor 115 k'8teyn with the two load transfer options.

Under HFE conditions with 194.2 MW of load at LanZor the year 2026, it was found that 102 MW of
load at Lauzon can be restored in scenario S1 @@dviWV of load at Lauzon can be restored in scenario
S2 without additional load transfers out of the Wéor 115 kV system. However, there is capability to
transfer 68 MW of load supplied by the Windsor k15system to the 230 kV system and 20 MW of
load supplied by the Windsor 115 kV system to tbetS115 kV system depending on the loading within
that system. Transferring 68 MW of load from thend&or 115 kV to the 230 kV system will enable all
the load to be restored in scenario S2. Hence mirs better than option A as it allows all thadoat
Lauzon to be restored.

Sensitivity Studies: With no TA Windsor and Westisor Generation Facilities

Sensitivity studies were performed under HFE camatit without the TA Windsor and West Windsor
generation facilities in-service given that thentracts are expiring in 2016. These results ate no
presented in this report but summarized below.

Without these facilities in-service, the Brightord®h output can be maximized and imports can bie kep
similar to that in scenarios S1 and S2. Studiesvghat under these conditions the post-contingency
thermal loadings in the Windsor 230 and 115 kVeayst remain within applicableRTAC criteria with

the utilization of appropriate control actions. Whmmpared to scenarios S1 and S2, the post-
contingency thermal loading on the Keith transfagrage higher and the post-contingency thermal
loading on the J4E/J3E and Z1E/Z7E circuits areslowor these conditions with Kingsville load triams
option A, a lot more control actions would needbéotaken under outage conditions which include pre-
contingency control actions followed by automatd ananual actions post-contingency. Hence, option B
is better than option A.

6.5.3  High Flow West Conditions

All elements in-service: Pre-contingency

The pre-contingency thermal loading for the twadltransfer options from Kingsville under high flow
west (HFW) conditions, which represent past hiswrmmaximum transfers, in scenarios S3 and S4 are
presented in Table 11. The pre-contingency flowalbmonitored elements are within their continuous
ratings for both load transfer options under HF\Wditions. The flows are in Ampere for circuits and
MVA for transformers.
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Table 11: Pre-contingency thermal loading under HFWconditions - All Elements I/S
S$3-124 MW at S4- 54 MW at
Circuit/ sl Continuous Kingsville Kingsville
Transformer
From To A/MVA A/MVA | %Cont | A/MVA | % Cont

c21) Keith TS Malden TS 840 394.2 46.9 349.1 41.6
Cc21) Malden TS Sandwich JCT 840 551.8 65.7 506.5 60.3
c2u Sandwich JCT Leamington TS 1060 550.9 52 506 47.7
c21) Leamington TS Chatham SS 1060 599 56.5 644.4 60.8
C22) Keith TS Malden TS 840 385.9 45.9 342 40.7
C22) Malden TS Sandwich JCT 840 543.5 64.7 498.9 59.4
C22) Sandwich JCT Leamington TS 840 542.8 64.6 498.7 59.4
C22) Leamington TS Chatham SS 840 591.2 70.4 636 75.7
C23Z Lauzon TS Sandwich JCT 1060 544.1 51.3 504.1 47.6
C23z Sandwich JCT Comber WF JCT 1060 541.7 51.1 501.1 47.3
€23z Comber WF JCT KEPA WF JCT 1060 538.9 50.8 497.8 47
€23z KEPA WF JCT Dillon RWEC JCT 1060 537.5 50.7 496.1 46.8
€23z Dillon RWEC JCT Chatham SS 1060 535.9 50.6 494.2 46.6
Cc24z Lauzon TS Sandwich JCT 1060 538 50.8 499 47.1
Cc24z Sandwich JCT Comber WF ICT 840 535.9 63.8 496.2 59.1
C24z Comber WF JCT KEPA WF JCT 840 533.3 63.5 493.1 58.7
C24z KEPA WF JCT Chatham SS 840 526.9 62.7 484.8 57.7
J3E Keith TS Crawford JCT 810 449.8 55.5 442.8 54.7
J3E Crawford JCT Essex TS 810 235.6 29.1 221.2 27.3
JAE Keith TS Crawford JCT 810 413.7 51.1 395.8 48.9
JAE Crawford JCT Essex TS 810 268.7 33.2 271.3 33.5
Z1E Essex TS Windsor Transalta JCT 970 159 16.4 81.5 8.4
Z1E Windsor Transalta JCT Walker JCT 970 341 35.2 270.3 27.9
Z1E Walker JCT Jefferson JCT 870 141.7 16.3 132.6 15.2
Z1E Jefferson JCT Lauzon TS 910 156.1 17.2 152.8 16.8
Z7E Essex TS Walker JCT 970 346 35.7 332.4 34.3
Z7E Walker JCT Jefferson JCT 870 159.2 18.3 142.7 16.4
Z7E Jefferson JCT Lauzon TS 910 173.6 19.1 163.2 17.9
Lauzon T1 250 118 47.2 100.5 40.2
Lauzon T2 250 115.5 46.2 98.2 39.3
Keith T11 115 17 14.8 315 27.4
Keith T12 115 19.1 16.6 35.5 30.9

Post-contingency

Table 20 to Table 25 in Appendix A show the posttawency flows for the monitored circuits for
scenarios S3 and S4 under HFW conditions followsimigtingencies listed in Table 7. The simulation
results show that the post-contingency thermalifagdin the Windsor 230 and 115 kV systems remain
within applicableORTAC criteria with the utilization of appropriate contextions. For scenario S2 with
Kingsville load transfer option B, the post-contngy loadings are lower and less control actioas ar
required. Hence, option B is better than option A.
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Load Restoration

Load restoration at Lauzon was analyzed followhmglbss of double circuits C23Z and C24Z similar to
the description provided earlier in section 6.58er HFE conditions.

Under HFW conditions with 194.2 MW of load at LanZor the year 2026, it was found that 10 MW of
load at Lauzon can be restored in scenario S3 @mMd\@ of load at Lauzon can be restored in scenario
S4 without additional load transfers out of the Wéar 115 kV system. Taking into account the load
transfer capability discussed in section 6.5.2h68B MW of load transferred from the Windsor 115 kV
system to the 230 kV system and with the generaid?te Aux Roches and Gosfield in-service at full
output, all the load can be restored in scenaridHgfce option B is better than option A as it\abaall

the load at Lauzon to be restored.

Reverse Power Flow

Reverse power flow through the project’s transfasweas observed in all four scenarios S1 to S4 with
the maximum reverse power flow in scenario S3Herdutage combinations with C21J or C22J open at
Chatham and the inadvertent breaker open (IBO)2df)J&t Keith. There were no post-contingency
thermal or voltage violations observed for thes@ge combinations in all four scenarios.

In scenario S3 for the outage combination with G@23n at Chatham and IBO of C21J at Keith, the
maximum reverse power flow of 44 MW through thejgcts transformers was observed. Under these
conditions, the reverse power flow through the Maltransformer is 7 MW and would increase to 14
MW without the incorporation of the project.

In addition in scenario S3, for the outage comlamatvith C21J open at Chatham and IBO of C21J at
Keith, the reverse power flow through the projettggsformer is 33 MW. Under these conditions,
without the incorporation of the project there @sraverse power flow at Malden TS.

It is recommended that Hydro One assess the reperser flow on the project’s transformers and
confirm that there is no unacceptable trippingoading concern on the transformers.

Sensitivity Studies: With no TA Windsor and Westisor Generation Facilities

Sensitivity studies were performed under high fleest conditions without the TA Windsor and West
Windsor generation facilities in-service given ttiagir contracts are expiring in 2016. These resui¢
not presented in this report but summarized below

Without these facilities in-service, the Brightoad®h output can be increased to make up for this
generation while keeping the total flow out of Gteah on circuits C21J,C22J, C23Z and C24Z similar to
that in scenarios S3 and S4. Studies show thatr uhegse conditions the post-contingency thermal
loadings in the Windsor 230 and 115 kV systems nemithin applicableORTAC criteria with the
utilization of appropriate control actions. Whemyzared to scenarios S3 and S4, the post-contingency
thermal loading on the Keith transformers and J3E/rcuits are higher and the post-contingency
thermal loading on the C22J and Z1E circuits aneto For these conditions with Kingsville load tséar
option A, a lot more control actions would needbéotaken under outage conditions which include pre-
contingency control actions followed by automatd ananual actions post-contingency. Hence, option B
is better than option A.
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6.5.4 Load Tripped by Configuration

To assess th&@RTAC load security criteria will be met after the ingoration of the project, the total
amount of load tripped by configuration for losseither one or two elements that involve the projeas
examined.

Single contingencies involving the loss of C21La&2J result in no load interruption at Malden T8 an
the project.

The simultaneous loss of double circuits C21J a22JQvill interrupt load at Malden TS and the projec
of up to 237 MW for the 2016 to 2026 period basedhe Hydro One load forecast under option B. The
interrupted load does not exceed 600 MW and isimitie ORTAC criteria.

The ORTAC load restoration criteria states that all load nngésrestored within approximately 8 hours
and the amount of load in excess of 150 MW museb®red within approximately 4 hours. This means
that of the load that is interrupted for loss oflCand C22J as mentioned above, up to 87 MW of load
will need to be restored within approximately 4 foand up to 237 MW of load will need to be restore
within approximately 8 hours. Hydro One and thfe@ted Local Distribution Companies (LDCs) are
expected to work together to ensure that theserkstdration targets can be achieved.

6.6 Voltage Assessment

The ORTAC states that with all facilities in service pre-dagency, or with a critical element out of
service after permissible control actions, theolwlhg criteria shall be satisfied:

* The pre-contingency voltages on 230 kV buses mastbe less than 220 kV and no
greater than 250 kV and 115kV buses must not lsetkem 113 kV and no greater than
127 kV;

» The post-contingency voltages on 230 kV buses maste less than 207 kV and no
greater than 250 kV and 115 kV buses must not$gtlean 108 kV and no greater than
127 kV; and

* The voltage change following a contingency mustexateed 10% pre-ULTC and 10%
post-ULTC on both 115 kV and 230 kV buses.

All the loads were modeled as constant MVA unlgbemwvise specified.

6.6.1  Kingsville Local Supply

Voltage Analysis was performed to compare the wealltransfer options from Kingsville. The loss of
K2Z is presented in Table 12 below as the voltag®ides are greater for the loss of K2Z than K6Z.
Under option A, the Kingsville transformer switchinontrol action was used so that the loading en th
remaining Kingsville transformers do not exceedrtesemmer 10-day LTR as discussed earlier in Sactio
6.5.1.
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Table 12: Voltage Results for loss of K2Z with théwo load transfer options

Option A: 124 MW with 4 transformers at Kingsville DTt [ L e 2 L e

Kingsville
Bus Name Pre. * K2z K2Z - 62 MW Kingsville L/R | pye. K2z
cont. Pre-ULTC Post-ULTC Pre-ULTC post-ULTC | ™ Pre-ULTC Post-ULTC
KV | kv % kv % kv % | kv | % kv % kv %
Lauzon 115 kV 1227 | 1221 | -053 | 121.8 | -0.78 | 124.4 | 1.37 | 1242 | 1.18 | 121.1 | 1204 | -0.52 | 1205 | -0.44

Bell River K6Z 115 kV 1209 | 117.1 | -3.11 | 116.3 | -3.84 | 1243 | 2.82 | 123.6 | 2.26 | 119.4 | 1158 | -3.00 | 116.1 | -2.74

Pointe Aux Roches 115 | 120.5 | 116.2 | -3.56 | 115.2 | -4.44 | 124.6 [ 3.34 | 123.8 | 2.70 | 119.1 | 115.1 | -3.42 | 1154 | -3.16

Kingsville K6Z 115 kV 117.3 | 109.1 | -6.97 | 106.8 | -8.92 | 1255 | 7.02 | 124.1 | 5.81 | 1169 | 109.2 | -6.64 | 109.5 | -6.37

* Kingsville load was converted for this continggrimth Pre and Post ULTC

From Table 12 it is noticed that with option A, hest-contingency voltage at Kingsville is below810

kV for loss of K2Z with the load at Kingsville coerted both pre and post ULTC. Note that in this
scenario without the Kingsville transformer switadpicontrol action, the voltage at Kingsville woulel
even lower. The Lauzon L/R scheme which is pathefWindsor Area SPS can be used in this scenario
to reject half the load at Kingsville (62 MW) taitg the voltage above 108 kV.

However, this is a violation of tHeRTAC criteria as with one element out of service, eqgpt loading
must be within applicable long-term ratings, and lad rejection is permissible only to account for
local generation outages. Since there are no gimeautages in this scenario, load rejection is no
permitted.

Under option B the post-contingency voltages amvali08 kV which is within th®RTAC criteria.

Hence option B is the recommended option. Noteuhder option B, with 54 MW of load at Kingsville,
the Lauzon capacitor was switched out of servieegantingency to avoid high voltages at Lauzon-{ost
contingency for the loss of Z1E+Z7E with all elertzeim-service.

6.6.1 High Flow East or West Conditions

The pre- and post-contingency voltage resultsdenarios S1 and S2 under HFE conditions following
contingencies listed ifable 7 are presented in Table 26 to Table 31 ipefxdix B. The pre- and post-
contingency voltage results for scenarios S3 andrisiér HFW conditions following contingencies liste
in Table 7 are presented in Table 32 to Table 3Xppendix B.

Study results show that for all four scenarios$&2,,S3 and S4 the pre and post-contingency voliages
the Windsor 230 and 115 kV systems remain withipliapble ORTAC criteria with the utilization of
appropriate control actions.

In all four scenarios for the loss of double citddE and Z7E, control actions are necessary tmaté
post-contingency over-voltages on the Lauzon 115y&tem. For scenarios S1 and S3 with Kingsville
load transfer option A, the Lauzon L/R scheme asqfahe Windsor Area SPS was armed to switch out
the Kingsville capacitors.. For scenarios S2 anavii4 Kingsville load transfer option B, the Lauzon
capacitor was switched out-service pre-contingemzythe Keith capacitor was switched in-service pre
contingency to maintain acceptable voltages prd-erst —contingency as there were no control agtion
available post-contingency. This resulted in low@tages on the Lauzon 230 kV and 115 kV systems
compared to scenarios S1 and S3 even though nmatenlas transferred out of Kingsville in scenari@s S
and S4. In all four scenarios, this event couldhékter managed if the Lauzon L/R scheme whichiis pa
of the Windsor Area SPS was expanded to trip theeda capacitor for this contingency.

Therefore under both load transfer options A oit B recommended that Hydro One consider addieg th
selection of the Lauzon capacitor to be trippediierZ1E+Z7E contingency which is a contingency tha
is already included in the Lauzon L/R scheme asqfahe Windsor Area SPS. This would provide
greater operating flexibility.
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Sensitivity Studies: With no TA Windsor and Westnif¥sor Generation Facilities

Sensitivity studies were performed under high fleagt or west conditions without the TA Windsor and
West Windsor generation facilities in-service gitbat their contracts are expiring in 2016. Theseilts
are not presented in this report but summarizeovioel

Without these facilities in-service, the pre- amdtecontingency voltage in the Windsor 230 and K\L5
systems remain within applicab@BRTAC criteria with the utilization of appropriate camitactions.

However when compared to scenarios S1, S2, S34nithé&pre and post-contingency voltages are lower
and voltage changes are higher without these tiasilin-service.

6.7 Switching Studies

The ORTAC states that reactive devices should be sizeddorerthat voltage declines or rises at delivery
point buses on switching operations will not excé&glof steady-state rms voltage before tap changer
action using a voltage dependent load model.

The switching of the proposed capacitor bank o6 Mvar @ 28.8 kV was tested under various outage
conditions for the two different load transfer opis A and B at 2026 load levels. Table 13 shows the
capacitor switching results for the project’s 230buses. In all studied scenarios, the voltage ghan
following the capacitor switching is within the pogibed 4% permissible voltage change limit.

Table 13: Capacitor Switching Study for LeamingtonT$S

Load transfer option A Load transfer option B
230 kV Bus Leamington C21J) Leamington C22) Leamington C21J) Leamington C22)
Cap Cap Cap Cap Cap Cap Cap Cap
c0u;-f;5e o/s /s Change o/s /s Change o/s /s Change o/s /s Change
ondition KV | kv % KV | kv % kv | kv % KV KV %
None 236.7 | 238.2 | 0.66% | 236.6 | 238.1 | 0.66% | 229.9 | 2314 0.67% 229.7 | 2313 | 0.67%
Czs:\gzapzh:m 232.2 | 233.9 | 0.72% | 230.2 | 232.4 | 0.96% | 224.8 | 226.5 0.73% 221.2 | 2233 | 0.98%
c22) gs;t: end | 2355 | 2367 | 0.66% | 2351 | 237.0 | 0.82% | 2208 | 2314 | 0.67% | 2290 | 2309 | 0.82%
J5D 235.5 | 237.7 0.92% 235.4 | 237.6 0.93% 229.0 | 231.2 0.94% 228.8 231.0 0.94%
Cc21) 227.3 | 229.7 1.06% 217.1 219.3 1.04%
C22) 227.6 | 230.0 1.06% 216.5 | 218.8 1.07%

— End of Section —
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Thermal Loading

Table 14: Thermal loading with all elements in-serice for single contingencies — Scenario S1

Circuit/ Circuit Section LTE STE C22) C23z * J3E (Mode A Essex Bus Split) *Z7E (BB G/R) Keith A Bus
Xformer From To A/MVA | A/MVA | A/MVA | %LTE A/MVA | %LTE A/MVA %LTE A/MVA | %LTE A/MVA | %LTE
c21) Keith TS Malden TS 1020 1100 819.5 80.3 521 51.1 718.8 70.5 423.6 41.5 0 0

c21) Malden TS Sandwich JCT 1020 1100 525.7 51.5 382.1 37.5 570 55.9 289.7 284 48 4.7
c21) Sandwich JCT Leamington TS 1370 1570 523.3 38.2 379 27.7 568.3 41.5 285.8 20.9 41.5 3
c21) Leamington Chatham SS 1370 1570 445.9 32.6 338.6 24.7 5229 38.2 248.9 18.2 40.3 2.9
C22) Keith TS Malden TS 1020 1100 0 0 514.8 50.5 710.6 69.7 418.5 41 799.7 78.4
C22) Malden TS Sandwich JCT 1050 1150 0 0 377 35.9 562.5 53.6 285.7 27.2 534.4 50.9
C22) Sandwich JCT Leamington TS 1020 1100 0 0 373.6 36.6 560.5 55 281.7 27.6 532 52.2
C22) Leamington Chatham SS 1020 1100 0 0 3341 32.8 515.7 50.6 245.7 241 432.9 42.4
C23z Lauzon TS Sandwich JCT 1400 1900 226.8 16.2 0 0 566.2 40.4 293 20.9 219 15.6
C23z Sandwich JCT Comber WF JCT 1400 1840 218.7 15.6 0 0 562.8 40.2 287.1 20.5 210.7 15
C23z Comber WF KEPA WF JCT 1400 1840 170.4 12.2 0 0 368.8 26.3 153.1 10.9 171.3 12.2
C23z KEPA WF JCT Dillon RWEC 1400 1690 161.3 11.5 0 0 366.3 26.2 147.7 10.6 162.4 11.6
C23z Dillon RWEC Chatham SS 1400 1690 302.8 21.6 0 0 250.9 17.9 233.8 16.7 308.6 22
C24z Lauzon TS Sandwich JCT 1400 1900 282.6 20.2 426.6 30.5 640.4 45.7 360.7 25.8 273.7 19.5
C24z Sandwich JCT Comber WF JCT 1040 1130 277 26.6 421 40.5 637.8 61.3 356.6 34.3 267.9 25.8
C24z Comber WF KEPA WF JCT 1040 1130 154.8 14.9 269.3 25.9 4434 42.6 193.3 18.6 150.8 14.5
C24z KEPA WF JCT Chatham SS 1020 1100 491.3 48.2 437.9 42.9 239.9 235 407.9 40 498.5 48.9
J3E Keith TS Crawford JCT 1070 1390 820 76.6 886.2 82.8 0 0 661.7 61.8 838.5 78.4
J3E Crawford JCT Essex TS 1070 1390 630.6 58.9 685.8 64.1 0 0 458.3 42.8 648.6 60.6
J4E Keith TS Crawford JCT 1000 1090 797.2 79.7 863.1 86.3 531.3 53.1 634.1 63.4 815.5 81.6
J4E Crawford JCT Essex TS 1000 1090 649.4 64.9 707.2 70.7 163.8 16.4 482.3 48.2 667.7 66.8
71E Essex TS Windsor 1260 1430 438.7 34.8 454.5 36.1 347.3 27.6 800.6 63.5 454.5 36.1
Transalta JCT
71E Windsor Walker JCT 1260 1430 751.4 59.6 787.1 62.5 87.6 6.9 1129.7 89.7 768.7 61
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 427.9 37.5 402.7 35.3 412.5 36.2 559.9 49.1 441.5 38.7
Z1E Jefferson JCT Lauzon TS 1190 1370 416.2 35 385.1 32.4 433.7 36.4 550.5 46.3 429.3 36.1
Z7E Essex TS Walker JCT 1260 1430 741.8 58.9 793.8 63 43 3.4 0 0 759.6 60.3
Z7E Walker JCT Jefferson JCT 1140 1390 425.8 37.4 396.4 34.8 426 374 0 0 439 38.5
Z7E Jefferson JCT Lauzon TS 1190 1370 414.6 34.8 379.2 31.9 447 37.6 0 0 427.3 35.9
Lauzon T1 296.8 364.2 56.7 19.1 0 0 126.2 42.5 41.8 14.1 58.6 19.8
Lauzon T2 296.8 364.2 39.7 134 56.6 19.1 146.4 49.3 46.6 15.7 39.9 134
Keith T11 180.3 224.5 104.8 58.1 64.5 35.8 77.6 43 80.5 44.7 0 0
Keith T12 160.3 187.5 0 0 72.7 45.3 87.5 54.6 90.8 56.6 114.5 71.4
* Control Actions shown in brackets
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Table 15: Thermal loading with all elements in-serice for single contingencies — Scenario S2

Circuit/ Circuit Section LTE STE C22) C23z *J3E-(Mode A Essex Bus Split) *Z7E-(BB G/R) Keith A Bus
Xformer From To A/MVA | A/MVA | A/MVA | %LTE | A/MVA | %LTE A/MVA %LTE A/MVA | %LTE | A/MVA | %LTE
C21) Keith TS Malden TS 1020 1100 897.9 88 568.7 55.8 729 71.5 456.9 44.8 0 0
C21) Malden TS Sandwich JCT 1020 1100 588.6 57.7 423.8 41.6 577.5 56.6 314.3 30.8 40.3 4

c21) Sandwich JCT Leamington TS 1370 1570 587.3 42.9 4214 30.8 576.2 42.1 311.4 22.7 33.5 2.4
c21) Leamington Chatham SS 1370 1570 401.6 29.3 324.6 23.7 461 33.7 226.9 16.6 116.6 8.5
C22) Keith TS Malden TS 1020 1100 0 0 561.6 55.1 720.5 70.6 451.3 44.2 853.6 83.7
C22) Malden TS Sandwich JCT 1050 1150 0 0 417.3 39.7 569.3 54.2 309.1 29.4 575 54.8
C22) Sandwich JCT Leamington TS 1020 1100 0 0 414.7 40.7 567.8 55.7 306.1 30 573.1 56.2
C22) Leamington Chatham SS 1020 1100 0 0 320.9 31.5 455.1 44.6 224.8 22 408.8 40.1
C23z Lauzon TS Sandwich JCT 1400 1900 218.6 15.6 0 0 515.8 36.8 268.5 19.2 211.6 15.1
C23Z Sandwich JCT Comber WF 1400 1840 208.9 14.9 0 0 510.6 36.5 261.1 18.7 201.7 14.4
C23z Comber WF KEPA WF JCT 1400 1840 207.6 14.8 0 0 327.8 23.4 171.2 12.2 211.4 15.1
C23z KEPA WF JCT Dillon RWEC 1400 1690 199.5 14.2 0 0 324 23.1 161.8 11.6 203.5 14.5
C23z Dillon RWEC Chatham SS 1400 1690 354.5 25.3 0 0 232.4 16.6 276.1 19.7 362.3 25.9
C24z Lauzon TS Sandwich JCT 1400 1900 259.1 18.5 394.7 28.2 585 41.8 328.8 23.5 249.5 17.8
C24z Sandwich JCT Comber WF 1040 1130 251.7 24.2 387.7 37.3 580.9 55.9 3235 31.1 241.9 23.3
C24z Comber WF KEPA WF JCT 1040 1130 179 17.2 259.3 24.9 390.4 37.5 179.1 17.2 1779 17.1
C24z KEPA WF JCT Chatham SS 1020 1100 544.6 53.4 497.3 48.8 309.4 30.3 456.1 44.7 553.6 54.3
J3E Keith TS Crawford JCT 1070 1390 782.4 73.1 828.5 77.4 0 0 639.2 59.7 805.5 75.3
J3E Crawford JCT Essex TS 1070 1390 577.2 53.9 613.6 57.3 0 0 422 39.4 600.4 56.1
JAE Keith TS Crawford JCT 1000 1090 754.4 75.4 797.4 79.7 533.9 53.4 604.9 60.5 777.5 77.8
JAE Crawford JCT Essex TS 1000 1090 602.4 60.2 643.5 64.4 172.4 17.2 455.5 45.6 625.8 62.6
Z1E Essex TS Windsor 1260 1430 352.2 28 361 28.7 364.9 29 683.6 54.3 374 29.7
Transalta JCT
71E Windsor Walker JCT 1260 1430 680.6 54 704.3 55.9 70.9 5.6 1015.3 80.6 703.1 55.8
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 308.7 27.1 291.3 25.5 419.4 36.8 263.6 23.1 328.5 28.8
Z1E Jefferson JCT Lauzon TS 1190 1370 293.2 24.6 270.3 22.7 4414 37.1 249.6 21 312.5 26.3
Z7E Essex TS Walker JCT 1260 1430 686.4 54.5 731.9 58.1 54.8 4.3 0 0 709.1 56.3
Z7E Walker JCT Jefferson JCT 1140 1390 304.8 26.7 281 24.6 433.1 38 0 0 324.1 28.4
Z7E Jefferson JCT Lauzon TS 1190 1370 290 24.4 260.2 21.9 454.9 38.2 0 0 308.7 25.9
Lauzon T1 296.8 364.2 78.6 26.5 0 0 108.7 36.6 53 17.8 81.5 27.5
Lauzon T2 296.8 364.2 57.1 19.2 86.8 29.2 123.8 41.7 45.4 15.3 59 19.9
Keith T11 180.3 224.5 76.1 42.2 45.4 25.2 74.5 41.3 62.8 34.8 0 0
Keith T12 160.3 187.5 0 0 51.2 32 84 52.4 70.8 44.2 88.1 54.9
* Control Actions shown in brackets
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Table 16: Thermal loading with all elements in-serice for double contingencies — Scenario S1

* C21J+C22) * Keith T11P BF: * Lauzon T1L7 BF:
o Circuit Section LTE STE C21J4C232Z (Lower BB to €221+C242 C23z+c2az | KeithABus+J2n | Z7E+C23Z-(BBG/R
Circuit/ 417 MW post) — (Lower imports and man'ually fhed 62
Xformer to 80 MW post) MW at Kingsville post)
From To A/ A/ A/ % A/ % A/ % A/ % A/ % A/ %
MVA MVA MVA LTE MVA LTE MVA LTE MVA LTE MVA LTE MVA LTE
c21) Keith TS Malden TS 1020 1100 0 0 0 0 873.5 85.6 593.1 58.2 0 0 446.1 43.7
c21) Malden TS Sandwich 1020 1100 0 0 0 0 582.2 57.1 455.8 44.7 59.9 5.9 314.3 30.8
Cc21) Sandwich Leamington 1370 1570 0 0 0 0 579.8 | 42.3 | 4525 33 54.9 4 310.2 22.6
c21) Leamington | Chatham SS 1370 1570 0 0 0 0 503.8 36.8 412.6 30.1 57.2 4.2 274 20
C22J Keith TS Malden TS 1020 1100 821.5 80.5 0 0 0 0 585.8 57.4 694.9 68.1 440.6 43.2
C22J Malden TS Sandwich 1050 1150 534.4 50.9 0 0 0 0 449.6 42.8 449.5 42.8 309.9 29.5
C22) Sandwich Leamington 1020 1100 531.6 | 52.1 0 0 0 0 446.2 | 43.7 446.6 43.8 305.7 30
C22J Leamington | Chatham SS 1020 1100 459.7 45.1 0 0 0 0 407.1 39.9 357.4 35 270.5 26.5
C23z Lauzon TS Sandwich 1400 1900 0 0 202 14.4 403.1 28.8 0 0 282.2 20.2 0 0
C23z Sandwich Comber WF 1400 1840 0 0 191.5 13.7 396 28.3 0 0 275.8 19.7 0 0
C23z Comber WF KEPA WF 1400 1840 0 0 234.7 16.8 263.1 18.8 0 0 155.6 11.1 0 0
C23z KEPA WF Dillon 1400 1690 0 0 227 16.2 257.9 18.4 0 0 150 10.7 0 0
C23z Dillon Chatham SS 1400 1690 0 0 390.6 27.9 303.6 21.7 0 0 249.7 17.8 0 0
C24z Lauzon TS Sandwich 1400 1900 385.1 27.5 229.3 16.4 0 0 0 0 347.5 24.8 462.5 33
C24z Sandwich Comber WF 1040 1130 378.3 36.4 221.2 213 0 0 0 0 343.1 33 457.8 44
C24z Comber WF KEPA WF 1040 1130 253.9 24.4 190.4 18.3 0 0 0 0 187.2 18 292.3 28.1
C24z KEPA WF Chatham SS 1020 1100 497.8 48.8 583.3 57.2 0 0 0 0 426.1 41.8 391.2 38.4
J3E Keith TS Crawford 1070 1390 946 88.4 991.1 92.6 935.4 87.4 778.9 72.8 674.5 63 683.7 63.9
J3E Crawford Essex TS 1070 1390 745.8 69.7 807.1 75.4 737 68.9 567.5 53 482.2 45.1 478.1 44.7
J4E Keith TS Crawford 1000 1090 9214 92.1 970.3 97 911.6 91.2 748.4 74.8 650.4 65 656.6 65.7
J4E Crawford Essex TS 1000 1090 767.7 76.8 824.1 82.4 757.7 75.8 596 59.6 501.6 50.2 502.3 50.2
71E Essex TS Windsor 1260 1430 519.4 41.2 616.8 49 516.2 41 327 26 299.3 23.8 828 65.7
Transalta
71E Windsor Walker JCT 1260 1430 851.5 67.6 930.3 73.8 845.6 67.1 663 52.6 603.6 47.9 1163.1 92.3
Transalta
Z1E Walker JCT Jefferson 1140 1390 467.7 41 596.8 52.4 464.6 40.8 269.1 23.6 309.5 27.2 506.5 44.4
Z1E Jefferson Lauzon TS 1190 1370 450.1 37.8 583.2 49 447.4 37.6 251 21.1 302.6 25.4 491.1 41.3
Z7E Essex TS Walker JCT 1260 1430 856.5 68 919.3 73 849.2 67.4 676.1 53.7 593.1 47.1 0 0
Z7E Walker JCT Jefferson 1140 1390 461.4 40.5 593.4 52.1 459.3 40.3 262.4 23 310.5 27.2 0 0
Z7E Jefferson Lauzon TS 1190 1370 444.1 37.3 580.1 48.7 442.5 37.2 244.8 20.6 304.2 25.6 0 0
LauzonT1 296.8 364.2 0 0 89.6 30.2 83.2 28 0 0 441 14.8 0 0
LauzonT2 296.8 364.2 83.6 28.2 64.6 21.8 0 0 0 0 44.4 14.9 32.8 11.1
Keith T11 180.3 224.5 72.8 40.4 179.6 99.6 146.3 81.1 47.6 26.4 0 0 84.7 47
Keith T12 160.3 187.5 82.1 51.2 0 0 0 0 53.6 33.5 159.1 99.3 95.5 59.6
* Control Actions shown in brackets
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Table 17: Thermal loading with all elements in-serice for double contingencies — Scenario S2

C21)+€221 Keith T11P BF: | E:g;;;’: ;;27 G%: and
L. Circuit Section LTE STE C21J+C232 (Lower BB to C22)+C242 C23z+C242 Keith A Bus + "
Circuit/ 505 MW post) 12N lower TA Windsor to 58
Xformer MW post)
From To A/ A/ A/ % A/ % A/ % A/ % A/ % A/ %
MVA MVA MVA LTE MVA LTE MVA LTE MVA LTE MVA LTE MVA LTE
C21J Keith TS Malden TS 1020 1100 0 0 0 0 963.5 94.5 662.9 65 0 0 470 46.1
C21J Malden TS Sandwich 1020 1100 0 0 0 0 656.6 64.4 519.4 50.9 44.1 4.3 330.5 32.4
Cc21) Sandwich Leamington 1370 1570 0 0 0 0 655.1 | 47.8 | 5169 | 37.7 37.9 2.8 327.3 23.9
C21J Leamington | Chatham SS 1370 1570 0 0 0 0 471.5 344 420 30.7 123.5 9 249 18.2
C22) Keith TS Malden TS 1020 1100 919.1 90.1 0 0 0 0 654.3 64.1 817.9 80.2 463.8 45.5
C22) Malden TS Sandwich 1050 1150 614.2 58.5 0 0 0 0 511.5 48.7 545.9 52 325 31
C22) Sandwich Leamington 1020 1100 612.6 | 60.1 0 0 0 0 508.8 | 49.9 | 543.9 53.3 321.6 31.5
C22) Leamington | Chatham SS 1020 1100 440.6 43.2 0 0 0 0 414.9 40.7 385 37.7 246.6 24.2
C23z Lauzon TS Sandwich 1400 1900 0 0 233.8 16.7 370 26.4 0 0 242.2 17.3 0 0
C23z Sandwich Comber WF 1400 1840 0 0 228.4 16.3 361.3 25.8 0 0 233.9 16.7 0 0
C23z Comber WF KEPA WF 1400 1840 0 0 310.8 22.2 266 19 0 0 178.8 12.8 0 0
C23z KEPA WF Dillon 1400 1690 0 0 304.2 21.7 260.3 18.6 0 0 169.7 12.1 0 0
C23z Dillon Chatham SS 1400 1690 0 0 475.5 34 352.4 25.2 0 0 305.7 21.8 0 0
C24z Lauzon TS Sandwich 1400 1900 362.4 25.9 220.2 15.7 0 0 0 0 296.5 21.2 504.5 36
C24z Sandwich Comber WF 1040 1130 354.2 34.1 209.9 20.2 0 0 0 0 290.5 27.9 498.9 48
C24z Comber WF KEPA WF 1040 1130 261.7 25.2 250.4 24.1 0 0 0 0 166.7 16 334 32.1
C24z KEPA WF Chatham SS 1020 1100 559.9 54.9 668.8 65.6 0 0 0 0 491.3 48.2 414.9 40.7
J3E Keith TS Crawford 1070 1390 882.3 82.5 1007. 94.2 884.9 82.7 692.7 64.7 681.1 63.7 757.6 70.8
J3E Crawford Essex TS 1070 1390 669.1 62.5 810.7 75.8 672.9 62.9 473.2 44.2 471 44 545.7 51
J4E Keith TS Crawford 1000 1090 852.7 85.3 983 98.3 856.2 85.6 656.5 65.6 650.8 65.1 731.2 73.1
J4E Crawford Essex TS 1000 1090 697.1 69.7 832.3 83.2 699.7 70 509.8 51 499.2 49.9 571.6 57.2
Essex TS Windsor 1260 1430 420.3 334 595.6 47.3 427.6 33.9 216.4 17.2 237.4 18.8 950.6 75.4
Z1E Transalta
Windsor Walker JCT 1260 1430 766 60.8 921.7 73.1 773.8 614 543.9 43.2 566.9 45 1246.9 99
ZIE Transalta
Z1E Walker JCT Jefferson 1140 1390 354.4 31.1 549 48.2 362.8 31.8 156.9 13.8 198.9 17.5 326.5 28.6
Z1E Jefferson Lauzon TS 1190 1370 333.7 28 532.2 44.7 342.3 28.8 139.8 11.8 185.6 15.6 283.7 23.8
Z7E Essex TS Walker JCT 1260 1430 793.6 63 9214 73.1 798.8 63.4 599.2 47.6 576.7 45.8 0 0
Z7E Walker JCT Jefferson 1140 1390 344.7 30.2 543.9 47.7 353.6 31 141.5 124 196.9 17.3 0 0
Z7E Jefferson Lauzon TS 1190 1370 324.2 27.2 527.5 443 3334 28 124.6 10.5 184.7 15.5 0 0
LauzonT1 296.8 364.2 0 0 125.5 42.3 120.4 40.6 0 0 60.9 20.5 0 0
LauzonT2 296.8 364.2 114.2 38.5 99 334 0 0 0 0 45.7 15.4 45.7 15.4
Keith T11 180.3 224.5 51.8 28.7 178 98.7 107.9 59.9 36.8 20.4 0 0 84.1 46.6
Keith T12 160.3 187.5 58.4 36.4 0 0 0 0 41.5 25.9 145 90.4 94.8 59.2
* Control Actions shown in brackets
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Table 18: Thermal loading under outage contingencige— Scenario S1

* Keith A bus + * Z7E:;C21.I- * Z7E+.C24Z — (After 1* outage
- o ) J1B - (Lower Keith A bus + (After:I outage lower imports to O.MW, BB to
Circuit/ Circuit Section LTE STE imports to 155 C247 lower imports to | 478 MW and TA Wmd.sor tt_: 44
Xformer MW post) 0 MW and BB to MW +Arm 62 MW.ngszIe
460 MW) L/R for next contingency)
From To A/MVA | A/MVA | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE A/MVA %LTE /MVA
Cc21) Keith TS Malden TS 1020 1100 0 0 0 0 0 0 367.7 36.1
Cc21) Malden TS Sandwich JCT 1020 1100 65.8 6.5 47.3 4.6 0 0 243.6 23.9
Cc21) Sandwich JCT Leamington TS 1370 1570 61.3 4.5 394 2.9 0 0 238.8 17.4
Cc21) Leamington Chatham SS 1370 1570 66.2 4.8 42 3.1 0 0 208 15.2
C22) Keith TS Malden TS 1020 1100 649.2 63.6 861.8 84.5 541.9 53.1 363 35.6
C22) Malden TS Sandwich JCT 1050 1150 412.9 39.3 588.6 56.1 273.4 26 240.1 22.9
C22) Sandwich JCT Leamington TS 1020 1100 409.6 40.2 586 57.5 269 26.4 235.1 23
C22) Leamington Chatham SS 1020 1100 325.2 31.9 483.1 47.4 224.9 22 205.5 20.1
23z Lauzon TS Sandwich JCT 1400 1900 300.7 21.5 388.4 27.7 276.5 19.8 425.5 30.4
23z Sandwich JCT Comber WF JCT 1400 1840 294.6 21 381.1 27.2 270.3 19.3 420 30
23z Comber WF KEPA WF JCT 1400 1840 164.4 11.7 253.8 18.1 152.3 10.9 261 18.6
23z KEPA WF JCT Dillon RWEC JCT 1400 1690 159 11.4 248.5 17.8 146.7 10.5 256.7 18.3
23z Dillon RWEC Chatham SS 1400 1690 242.5 17.3 304.6 21.8 249.5 17.8 253.6 18.1
C247 Lauzon TS Sandwich JCT 1400 1900 366.8 26.2 0 0 342.2 24.4 0 0
C247 Sandwich JCT Comber WF JCT 1040 1130 362.5 34.9 0 0 338 32.5 0 0
C247 Comber WF KEPA WF JCT 1040 1130 202.5 19.5 0 0 182.9 17.6 0 0
C247 KEPA WF JCT Chatham SS 1020 1100 413 40.5 0 0 427.4 41.9 0 0
J3E Keith TS Crawford JCT 1070 1390 638.2 59.6 951.6 88.9 695.5 65 781 73
J3E Crawford JCT Essex TS 1070 1390 447.2 41.8 753.1 70.4 493 46.1 576.2 53.9
JAE Keith TS Crawford JCT 1000 1090 614.5 61.4 927.8 92.8 668.1 66.8 752.9 75.3
JAE Crawford JCT Essex TS 1000 1090 465.6 46.6 774.1 77.4 517.2 51.7 601.7 60.2
Essex TS Windsor 1260 1430 273.8 21.7 531.4 42.2 869.3 69 1025.8 81.4
ZIE Transalta JCT
71E Windsor Walker JCT 1260 1430 570.1 45.2 861.1 68.3 1197.4 95 1237.4 98.2
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 291.2 255 479.5 42.1 611.1 53.6 570.2 50
Z1E Jefferson JCT Lauzon TS 1190 1370 286.3 241 462.2 38.8 598.2 50.3 551.1 46.3
Z7E Essex TS Walker JCT 1260 1430 558.4 443 864.8 68.6 0 0 0 0
Z7E Walker JCT Jefferson JCT 1140 1390 293.4 25.7 474 41.6 0 0 0 0
Z7E Jefferson JCT Lauzon TS 1190 1370 289.4 243 457.1 38.4 0 0 0 0
Lauzon T1 296.8 364.2 45.8 15.4 89.2 30.1 423 14.3 50.3 17
Lauzon T2 296.8 364.2 50 16.8 0 0 423 14.3 0 0
Keith T11 180.3 224.5 0 0 0 0 43.4 24.1 58.4 324
Keith T12 160.3 187.5 159.2 99.3 155.4 97 48.9 30.5 65.8 41.1
* Control Actions shown in brackets
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Table 18: Thermal loading under outage contingencige— Scenario S1 (continued)

* J3E+Z7E-( After 1° * J3E+C21J- (After * J3E+C24Z - (After 1st outage lower
L S . outage lower 1st outage lower imports to 0 MW and BB to 260 MW
)((:fl:;:::te/r Circuit Section LTE STE Imports to 0 MW Imports to 0 MW +Arm 62 MW Kingsville & 50 MW
and BB to 305 MW) and BB to 305 MW) Bell River L/R for next contingency)
From To A/MVA [ A/MVA A/MVA %LTE A/MVA %LTE A/MVA %LTE /MVA
C21) Keith TS Malden TS 1020 1100 235.6 23.1 0 0 227.2 22.3
C21) Malden TS Sandwich JCT 1020 1100 138.3 13.6 0 0 144.9 14.2
C21) Sandwich JCT Leamington TS 1370 1570 131.2 9.6 0 0 137.4 10
Cc21) Leamington Chatham SS 1370 1570 125.8 9.2 0 0 115.2 8.4
C22) Keith TS Malden TS 1020 1100 232.1 22.8 403.5 39.6 223.3 21.9
C22) Malden TS Sandwich JCT 1050 1150 135.7 129 165.5 15.8 142.1 13.5
C22) Sandwich JCT Leamington TS 1020 1100 128.6 12.6 158.9 15.6 134.5 13.2
C22) Leamington Chatham SS 1020 1100 124.5 12.2 147 14.4 114.2 11.2
C23z Lauzon TS Sandwich JCT 1400 1900 376.6 26.9 373.4 26.7 503.4 36
C23z Sandwich JCT Comber WF JCT 1400 1840 371.8 26.6 368.4 26.3 498.7 35.6
C23z Comber WF KEPA WF JCT 1400 1840 207.1 14.8 208.2 14.9 325.1 23.2
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 202.9 14.5 203.8 14.6 3215 23
C23z Dillon RWEC Chatham SS 1400 1690 207.8 14.8 216.5 15.5 265 18.9
C24z Lauzon TS Sandwich JCT 1400 1900 447.4 32 443 31.6 0 0
C24z Sandwich JCT Comber WF JCT 1040 1130 444 42.7 439.5 42.3 0 0
C24z Comber WF KEPA WF JCT 1040 1130 267.2 25.7 265.5 25.5 0 0
C24z KEPA WF JCT Chatham SS 1020 1100 345 33.8 355.1 34.8 0 0
J3E Keith TS Crawford JCT 1070 1390 0 0 0 0 0 0
J3E Crawford JCT Essex TS 1070 1390 0 0 0 0 0 0
J4E Keith TS Crawford JCT 1000 1090 967.4 96.7 955.1 95.5 994.8 99.5
J4E Crawford JCT Essex TS 1000 1090 595.7 59.6 600.5 60.1 631.5 63.2
Essex TS Windsor 1260 1430 460.8 36.6 174.1 13.8 155.8 12.4
Z1E Transalta JCT
71E Windsor Walker JCT 1260 1430 789.1 62.6 419.7 333 425.6 33.8
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 448.1 39.3 228.9 20.1 200.1 17.6
Z1E Jefferson JCT Lauzon TS 1190 1370 466.4 39.2 235.3 19.8 205.6 17.3
Z7E Essex TS Walker JCT 1260 1430 0 0 401.7 31.9 415 32.9
Z7E Walker JCT Jefferson JCT 1140 1390 0 0 239 21 209.6 18.4
Z7E Jefferson JCT Lauzon TS 1190 1370 0 0 246 20.7 215.4 18.1
Lauzon T1 296.8 364.2 60.3 20.3 60 20.2 19.9 6.7
Lauzon T2 296.8 364.2 76.2 25.7 74.9 253 0 0
Keith T11 180.3 224.5 50.5 28 46.7 25.9 53.4 29.6
Keith T12 160.3 187.5 57 355 52.6 32.8 60.2 37.6
* Control Actions shown in brackets
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Table 19: Thermal loading under outage contingencige— Scenario S2

*Z7E+C21J- * Z7E+C24Z - (After 1% outage
Keith A bus + (After 1 outage lower imports to 0 MW, BB to
Circuit/ Circuit Section LTE STE Keith A bus +J1B 242 lower Importsto | 478 MW and TA Windsor to 44
Xformer 0 MW and BB to MW + Arm 27 MW Kingsville
513 MW) L/R for next contingency)
From To A/MVA | A/MVA | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE A/MVA %LTE /MVA
c21) Keith TS Malden TS 1020 1100 0 0 0 0 0 0 401.4 39.4
Cc21) Malden TS Sandwich JCT 1020 1100 52.6 5.2 40.3 4 0 0 265.9 26.1
Cc21) Sandwich JCT Leamington TS 1370 1570 47.7 3.5 31.7 2.3 0 0 262.1 19.1
Cc21) Leamington Chatham SS 1370 1570 138.3 10.1 109.1 8 0 0 200.6 14.6
C22) Keith TS Malden TS 1020 1100 736.9 72.2 930.5 91.2 681.8 66.8 396 38.8
C22) Malden TS Sandwich JCT 1050 1150 479.1 45.6 641.7 61.1 378.2 36 261 24.9
C22) Sandwich JCT Leamington TS 1020 1100 476.8 46.7 639.7 62.7 376.2 36.9 257.1 25.2
C22) Leamington Chatham SS 1020 1100 329.6 32.3 471.7 46.2 263.4 25.8 199.1 19.5
C23z Lauzon TS Sandwich JCT 1400 1900 259.2 18.5 356.7 255 245.9 17.6 436.4 31.2
C23z Sandwich JCT Comber WF JCT 1400 1840 251.5 18 347.8 24.8 237.3 17 429.6 30.7
C23z Comber WF KEPA WF JCT 1400 1840 174.8 12.5 270.9 19.4 188.2 13.4 280.2 20
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 165.4 11.8 261.6 18.7 179.1 12.8 275.2 19.7
C23z Dillon RWEC Chatham SS 1400 1690 288 20.6 357.5 255 315.2 225 296.3 21.2
C24z7 Lauzon TS Sandwich JCT 1400 1900 317.2 22.7 0 0 297.5 213 0 0
C24z7 Sandwich JCT Comber WF JCT 1040 1130 311.6 30 0 0 291.3 28 0 0
C24z7 Comber WF KEPA WF JCT 1040 1130 175.1 16.8 0 0 173.4 16.7 0 0
C24z7 KEPA WF JCT Chatham SS 1020 1100 469.9 46.1 0 0 499.8 49 0 0
J3E Keith TS Crawford JCT 1070 1390 635.3 59.4 904.1 84.5 707.8 66.2 791.4 74
J3E Crawford JCT Essex TS 1070 1390 4233 39.6 692.2 64.7 494 46.2 574.8 53.7
JAE Keith TS Crawford JCT 1000 1090 604 60.4 875.3 87.5 676.1 67.6 759.1 75.9
JAE Crawford JCT Essex TS 1000 1090 452.7 45.3 719.1 71.9 524 524 606.3 60.6
71E Essex TS Windsor 1260 1430 187 14.8 446.3 35.4 843.8 67 1005.1 79.8
Transalta JCT
71E Windsor Walker JCT 1260 1430 516.6 41 792 62.9 1180.1 93.7 1235.9 98.1
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 155.1 13.6 381.2 334 428.4 37.6 342.5 30
Z1E Jefferson JCT Lauzon TS 1190 1370 144.5 12.1 360.7 30.3 404.9 34 302.5 25.4
Z7E Essex TS Walker JCT 1260 1430 527.8 41.9 817 64.8 0 0 0 0
Z7E Walker JCT Jefferson JCT 1140 1390 155.1 13.6 3719 32.6 0 0 0 0
Z7E Jefferson JCT Lauzon TS 1190 1370 146 12.3 351.6 29.6 0 0 0 0
Lauzon T1 296.8 364.2 55.7 18.8 127 42.8 64.8 21.8 72.7 245
Lauzon T2 296.8 364.2 45.1 15.2 0 0 49.1 16.6 0 0
Keith T11 180.3 224.5 0 0 0 0 25.9 14.4 50.2 27.8
Keith T12 160.3 187.5 138.1 86.2 118.5 74 29.2 18.2 56.6 353
* Control Actions shown in brackets
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Table 19: Thermal loading under outage contingencige— Scenario S2 (continued)

s * J3E+C24Z - (After 1st outage
* J3E+Z7E- (After 1° * J3E+C21J- (After el rts( tf 0 MW an d% 8
Circuit/ Circuit Section LTE STE outage lower 1st outage fower t0 260 MW + Arm 27 MW
Xformer Imports to 0 MW Imports to 0 MW Kingsville & 50 MW Bell River
and BB to 335 MW) and BB to 335 MW) ,
L/R for next contingency)
From To A/MVA | A/MVA | A/MVA %LTE A/MVA %LTE A/MVA %LTE /MVA
c21) Keith TS Malden TS 1020 1100 286.5 28.1 0 0 198.5 19.5
Cc21) Malden TS Sandwich JCT 1020 1100 156.3 15.3 0 0 109.1 10.7
Cc21) Sandwich JCT Leamington TS 1370 1570 151.5 11.1 0 0 101.6 7.4
Cc21) Leamington Chatham SS 1370 1570 118.7 8.7 0 0 164.6 12
C22) Keith TS Malden TS 1020 1100 282.9 27.7 519.8 51 194.8 19.1
C22) Malden TS Sandwich JCT 1050 1150 152.6 14.5 218.4 20.8 104.6 10
C22) Sandwich JCT Leamington TS 1020 1100 147.7 14.5 215.8 21.2 97 9.5
C22) Leamington Chatham SS 1020 1100 118.6 11.6 207.5 20.3 163.8 16.1
C23z Lauzon TS Sandwich JCT 1400 1900 338.1 24.2 3314 23.7 516.7 36.9
C23z Sandwich JCT Comber WF JCT 1400 1840 331.9 23.7 325.1 23.2 511.2 36.5
C23z Comber WF KEPA WF JCT 1400 1840 189.3 13.5 187.2 13.4 338.8 24.2
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 184.1 13.2 182 13 334.7 23.9
C23z Dillon RWEC Chatham SS 1400 1690 243.1 17.4 247.2 17.7 291.5 20.8
C24z7 Lauzon TS Sandwich JCT 1400 1900 403.4 28.8 396.1 28.3 0
C24z7 Sandwich JCT Comber WF JCT 1040 1130 398.8 38.4 391.5 37.6 0 0
C24z7 Comber WF KEPA WF JCT 1040 1130 233.8 225 229.2 22 0 0
C24z7 KEPA WF JCT Chatham SS 1020 1100 399.9 39.2 406.4 39.8 0 0
J3E Keith TS Crawford JCT 1070 1390 0 0 0 0 0 0
J3E Crawford JCT Essex TS 1070 1390 0 0 0 0 0 0
JAE Keith TS Crawford JCT 1000 1090 962.5 96.2 932.8 93.3 994.7 99.5
JAE Crawford JCT Essex TS 1000 1090 573.3 57.3 548 54.8 607.9 60.8
71E Essex TS Windsor 1260 1430 387.9 30.8 60.2 4.8 28.7 2.3
Transalta JCT
71E Windsor Walker JCT 1260 1430 725.4 57.6 354.4 28.1 367.2 29.1
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 247.5 21.7 110.1 9.7 47.1 4.1
Z1E Jefferson JCT Lauzon TS 1190 1370 281.3 23.6 125.3 10.5 67.5 5.7
Z7E Essex TS Walker JCT 1260 1430 0 0 370.2 294 412 32.7
Z7E Walker JCT Jefferson JCT 1140 1390 0 0 124.8 10.9 57 5
Z7E Jefferson JCT Lauzon TS 1190 1370 0 0 140 11.8 78.2 6.6
Lauzon T1 296.8 364.2 57 19.2 56.1 18.9 39.2 13.2
Lauzon T2 296.8 364.2 63.4 21.4 61.5 20.7 0 0
Keith T11 180.3 224.5 34.6 19.2 325 18 374 20.7
Keith T12 160.3 187.5 39 243 36.6 22.8 42.2 26.3
* Control Actions shown in brackets
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Table 20: Thermal loading with all elements in-serice for single contingencies — Scenario S3

Circuit/ Circuit Section LTE STE c21) C23z J3E Z7E Keith A bus
Xformer
From To A/MVA [ A/MVA [ A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE
C21) Keith TS Malden TS 1020 1100 0 0 479.7 47 382.3 37.5 394.8 38.7 0 0
C21) Malden TS Sandwich JCT 1020 1100 0 0 637.8 62.5 539.9 52.9 552.7 54.2 256.8 25.2
C21) Sandwich JCT Leamington TS 1370 1570 0 0 637 46.5 539 39.3 551.7 40.3 255.2 18.6
Cc21) Leamington Chatham SS 1370 1570 0 0 685.4 50 587.4 42.9 599.9 43.8 349.7 25.5
C22) Keith TS Malden TS 1020 1100 422.8 41.4 470.4 46.1 374.2 36.7 386.5 37.9 616.2 60.4
C22) Malden TS Sandwich JCT 1050 1150 726.1 69.1 628.2 59.8 531.8 50.6 544.3 51.8 672.5 64
C22) Sandwich JCT Leamington TS 1020 1100 725.9 71.2 627.8 61.5 531.2 52.1 543.6 53.3 672.1 65.9
C22) Leamington Chatham SS 1020 1100 826.6 81 676.3 66.3 579.7 56.8 592 58 673.4 66
C23Z Lauzon TS Sandwich JCT 1400 1900 619 44.2 0 0 568.1 40.6 545 38.9 567.5 40.5
C23Z Sandwich JCT Comber WF JCT 1400 1840 616.7 44.1 0 0 565.5 40.4 542.6 38.8 565.1 40.4
C23z Comber WF KEPA WF JCT 1400 1840 614 43.9 0 0 562.6 40.2 539.8 38.6 562.3 40.2
C23Z KEPA WF JCT Dillon RWEC JCT 1400 1690 612.6 43.8 0 0 561 40.1 538.3 38.5 560.8 40.1
C23Z Dillon RWEC Chatham SS 1400 1690 610.9 43.6 0 0 559.3 39.9 536.6 38.3 559.1 39.9
C247 Lauzon TS Sandwich JCT 1400 1900 611.9 43.7 842.7 60.2 561.9 40.1 539 38.5 561.2 40.1
C247 Sandwich JCT Comber WF JCT 1040 1130 609.8 58.6 840.5 80.8 559.5 53.8 536.8 51.6 559 53.7
C24z7 Comber WF KEPA WF JCT 1040 1130 607.3 58.4 837.5 80.5 556.8 53.5 534.2 514 556.4 53.5
C247 KEPA WF JCT Chatham SS 1020 1100 600.7 58.9 828.2 81.2 549.5 53.9 527.6 51.7 549.7 53.9
J3E Keith TS Crawford JCT 1070 1390 334.5 31.3 733.3 68.5 0 0 473.4 44.2 407.8 38.1
J3E Crawford JCT Essex TS 1070 1390 111 10.4 516.8 48.3 0 0 252.5 23.6 191.5 17.9
JAE Keith TS Crawford JCT 1000 1090 291.3 29.1 699.2 69.9 802.1 80.2 434 43.4 370.5 37
JAE Crawford JCT Essex TS 1000 1090 157.9 15.8 548.8 54.9 426.1 42.6 291.1 29.1 226.6 22.7
Essex TS Windsor 1260 1430 196.6 15.6 271.5 21.6 173.3 13.8 354.1 28.1 167.2 13.3
Z1E Transalta JCT
71E Windsor Walker JCT 1260 1430 202.1 16 614 48.7 312.4 24.8 696.6 55.3 298.2 23.7
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 2235 19.6 208.1 18.3 162.7 14.3 303.5 26.6 167.3 14.7
Z1E Jefferson JCT Lauzon TS 1190 1370 243.9 20.5 187.9 15.8 179.6 15.1 3333 28 184.6 15.5
Z7E Essex TS Walker JCT 1260 1430 220.8 17.5 646.8 51.3 316.4 25.1 0 0 301.7 23.9
Z7E Walker JCT Jefferson JCT 1140 1390 239 21 199.4 17.5 180.5 15.8 0 0 184.8 16.2
Z7E Jefferson JCT Lauzon TS 1190 1370 259.1 21.8 179.9 15.1 197 16.6 0 0 201.8 17
Lauzon T1 296.8 364.2 147.4 49.7 0 0 125.6 42.3 117.9 39.7 127.7 43
Lauzon T2 296.8 364.2 144.4 48.7 124.2 41.8 122.9 41.4 115.4 38.9 125 42.1
Keith T11 180.3 224.5 43.1 23.9 38.7 21.4 22.5 12.5 18 10 0 0
Keith T12 160.3 187.5 48.6 30.3 43.6 27.2 25.4 15.8 20.3 12.7 52.6 32.8
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Table 21: Thermal loading with all elements in-serice for single contingencies — Scenario S4

Circuit/ Circuit Section LTE STE c21) C23z J3E Z7E Keith A bus
Xformer
From To A/MVA [ A/MVA | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE
C21) Keith TS Malden TS 1020 1100 0 0 425.7 41.7 340.9 33.4 351.4 34.4 0 0
c21) Malden TS Sandwich JCT 1020 1100 0 0 583.4 57.2 498 48.8 509 49.9 247.8 24.3
C21) Sandwich JCT Leamington TS 1370 1570 0 0 583 42.6 497.6 36.3 508.5 37.1 246.4 18
C21) Leamington Chatham SS 1370 1570 0 0 721.6 52.7 635.9 46.4 647.1 47.2 428.1 31.2
C22) Keith TS Malden TS 1020 1100 356.4 34.9 417.7 40.9 334.1 32.8 344.3 33.8 553.4 54.3
C22) Malden TS Sandwich JCT 1050 1150 636.8 60.7 574.7 54.7 490.5 46.7 501.3 47.7 620.5 59.1
C22) Sandwich JCT Leamington TS 1020 1100 637.6 62.5 574.6 56.3 490.5 48.1 501.1 49.1 620.5 60.8
C22) Leamington Chatham SS 1020 1100 917.6 90 712.1 69.8 627.6 61.5 638.6 62.6 714.6 70.1
C23z Lauzon TS Sandwich JCT 1400 1900 579.4 41.4 0 0 525.1 37.5 504.5 36 517.1 36.9
C23z Sandwich JCT Comber WF JCT 1400 1840 576.6 41.2 0 0 521.9 37.3 501.4 35.8 514.1 36.7
C23z Comber WF KEPA WF JCT 1400 1840 573.4 41 0 0 518.2 37 497.8 35.6 510.7 36.5
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 571.8 40.8 0 0 516.4 36.9 496.1 35.4 509 36.4
C23z Dillon RWEC Chatham SS 1400 1690 569.9 40.7 0 0 514.3 36.7 494.1 35.3 507.1 36.2
C24z Lauzon TS Sandwich JCT 1400 1900 573.1 40.9 780.2 55.7 519.9 37.1 499.6 35.7 511.8 36.6
C24z Sandwich JCT Comber WF JCT 1040 1130 570.6 54.9 777.6 74.8 516.9 49.7 496.6 47.8 509 48.9
C24z Comber WF KEPA WF JCT 1040 1130 567.6 54.6 774.3 74.4 513.5 49.4 493.3 47.4 505.9 48.6
C24z KEPA WF JCT Chatham SS 1020 1100 559.4 54.8 763.7 74.9 503.8 49.4 484.2 47.5 497.3 48.8
J3E Keith TS Crawford JCT 1070 1390 359.7 33.6 689.4 64.4 0 0 476 44.5 421.4 39.4
J3E Crawford JCT Essex TS 1070 1390 170.8 16 463.6 43.3 0 0 254.8 23.8 201.5 18.8
JAE Keith TS Crawford JCT 1000 1090 306.5 30.6 647.4 64.7 773.7 77.4 427.7 42.8 373.6 37.4
JAE Crawford JCT Essex TS 1000 1090 223.2 22.3 506.2 50.6 391.1 39.1 306 30.6 252.9 25.3
Essex TS Windsor 1260 1430 212.6 16.9 196.2 15.6 111.8 8.9 326.9 25.9 106.2 8.4
Z1E Transalta JCT
71E Windsor Walker JCT 1260 1430 151.5 12 548.5 435 246.6 19.6 653.9 51.9 244.7 19.4
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 273.3 24 162.4 14.2 159.9 14 266.2 23.3 157.7 13.8
Z1E Jefferson JCT Lauzon TS 1190 1370 293 24.6 145.3 12.2 180.9 15.2 308.1 25.9 177.9 15
Z7E Essex TS Walker JCT 1260 1430 254.1 20.2 603.6 47.9 304.1 24.1 0 0 309.5 24.6
Z7E Walker JCT Jefferson JCT 1140 1390 281.8 24.7 146.3 12.8 171.7 15.1 0 0 168 14.7
Z7E Jefferson JCT Lauzon TS 1190 1370 301.7 254 129.3 10.9 192.8 16.2 0 0 188.5 15.8
Lauzon T1 296.8 364.2 129.3 43.6 0 0 106.7 36 99.9 33.7 106 35.7
Lauzon T2 296.8 364.2 126.6 42.7 95.5 32.2 104.4 35.2 97.7 32.9 103.6 34.9
Keith T11 180.3 224.5 58.9 32.7 17.5 9.7 35.5 19.7 30.2 16.8 0 0
Keith T12 160.3 187.5 66.4 41.4 19.8 12.3 40 25 34.1 21.3 77.4 48.3
38 CAA 2013-507 Final Report — June 9, 2014



System Impact Assessment Report

Public

Thermal Loading

Table 22: Thermal loading with all elements in-serice for double contingencies — Scenario S3

* Lauzon T1L7 BF:
Circuit/ Circuit Section LTE STE C21J+C232 C21J+C22) C22)+C242 C232+C242 Z7E+C23Z - (Lower TA
Windsor to 44 MW
Xformer e
From To A/MVA [ A/MVA | A/MVA %LTE A/MVA %LTE A/MVA %LTE A/MVA %LTE A/MVA %LTE
C21) Keith TS Malden TS 1020 1100 0 0 0 0 561.8 55.1 641.3 62.9 483.9 47.4
C21) Malden TS Sandwich JCT 1020 1100 0 0 0 0 865.2 84.8 799.5 78.4 642.2 63
C21) Sandwich JCT Leamington TS 1370 1570 0 0 0 0 865.1 63.1 798.5 58.3 641.5 46.8
C21) Leamington Chatham SS 1370 1570 0 0 0 0 966 70.5 846.1 61.8 690.1 50.4
C22) Keith TS Malden TS 1020 1100 564 55.3 0 0 0 0 629.7 61.7 474.6 46.5
C22) Malden TS Sandwich JCT 1050 1150 864.9 82.4 0 0 0 0 787.7 75 632.6 60.2
C22) Sandwich JCT Leamington TS 1020 1100 864.9 84.8 0 0 0 0 787 77.2 632.2 62
C22) Leamington Chatham SS 1020 1100 965.8 94.7 0 0 0 0 834.7 81.8 680.9 66.8
C23z Lauzon TS Sandwich JCT 1400 1900 0 0 692.1 49.4 982 70.1 0 0 0 0
C23z Sandwich JCT Comber WF JCT 1400 1840 0 0 689.6 49.3 979.9 70 0 0 0 0
C23z Comber WF KEPA WF JCT 1400 1840 0 0 686.6 49 976.9 69.8 0 0 0 0
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 0 0 685 48.9 975.2 69.7 0 0 0 0
C23z Dillon RWEC Chatham SS 1400 1690 0 0 683.1 48.8 973.1 69.5 0 0 0 0
C24z Lauzon TS Sandwich JCT 1400 1900 968.8 69.2 684.1 48.9 0 0 0 0 880.1 62.9
C24z Sandwich JCT Comber WF JCT 1040 1130 966.8 93 681.8 65.6 0 0 0 0 877.9 84.4
24z Comber WF KEPA WF JCT 1040 1130 964 92.7 679.1 65.3 0 0 0 0 874.9 84.1
C24z KEPA WF JCT Chatham SS 1020 1100 954.7 93.6 671.2 65.8 0 0 0 0 865.2 84.8
J3E Keith TS Crawford JCT 1070 1390 637.1 59.5 227.2 21.2 624.1 58.3 1003.6 93.8 786.9 73.5
J3E Crawford JCT Essex TS 1070 1390 414.8 38.8 80 7.5 401.5 37.5 800.8 74.8 566.8 53
JAE Keith TS Crawford JCT 1000 1090 599.6 60 174.5 17.5 586.6 58.7 978.4 97.8 751.7 75.2
JAE Crawford JCT Essex TS 1000 1090 451.2 45.1 116.3 11.6 438 43.8 823.6 82.4 600.5 60
Essex TS Windsor 1260 1430 157.3 12.5 316.8 25.1 144.9 11.5 573.3 455 1003.3 79.6
Z1E Transalta JCT
71E Windsor Walker JCT 1260 1430 509.7 40.5 81.7 6.5 495.1 39.3 907.2 72 1253.9 99.5
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 98.6 8.6 361.8 31.7 85.7 7.5 507.9 44.6 356.8 31.3
Z1E Jefferson JCT Lauzon TS 1190 1370 77.3 6.5 382.3 32.1 64.5 5.4 488.6 41.1 316.7 26.6
Z7E Essex TS Walker JCT 1260 1430 548.4 435 90.2 7.2 539.4 42.8 922.7 73.2 0 0
Z7E Walker JCT Jefferson JCT 1140 1390 86.8 7.6 375.6 32.9 73.8 6.5 500.8 439 0 0
Z7E Jefferson JCT Lauzon TS 1190 1370 65.9 5.5 396 33.3 53.1 4.5 481.9 40.5 0 0
Lauzon T1 296.8 364.2 0 0 179.1 60.3 176.3 59.4 0 0 0 0
Lauzon T2 296.8 364.2 1715 57.8 175.6 59.2 0 0 0 0 134.9 45.4
Keith T11 180.3 224.5 16 8.9 154.2 85.5 26.9 14.9 96.5 53.5 46.5 25.8
Keith T12 160.3 187.5 18 11.2 0 0 0 0 108.8 67.9 52.4 32.7
* Control Actions shown in brackets
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Table 23: Thermal loading with all elements in-serice for double contingencies — Scenario S4

C21)+C23Z - Lauzon T1L7 BF:
Circuit/ Circuit Section LTE STE (Lower exports C21J+C22) C22)+C24z2 C23z2+C242 77E+C237
Xformer to 208 MW post)
From To A/MVA | A/MVA | A/MVA %LTE | A/MVA %LTE A/MVA | %LTE | A/MVA | %LTE A/MVA | %LTE
C21) Keith TS Malden TS 1020 1100 0 0 0 0 481.3 47.2 563.9 55.3 424.7 41.6
C21) Malden TS Sandwich JCT 1020 1100 0 0 0 0 771 75.6 722 70.8 582.7 57.1
C21) Sandwich JCT Leamington TS 1370 1570 0 0 0 0 771.7 56.3 721.2 52.6 582.2 42.5
C21) Leamington Chatham SS 1370 1570 0 0 0 0 1053.2 76.9 859.3 62.7 721.1 52.6
C22) Keith TS Malden TS 1020 1100 436.7 42.8 0 0 0 0 553.6 54.3 416.7 40.9
C22) Malden TS Sandwich JCT 1050 1150 720.8 68.7 0 0 0 0 711.2 67.7 574 54.7
C22) Sandwich JCT Leamington TS 1020 1100 721.6 70.7 0 0 0 0 710.8 69.7 573.9 56.3
C22) Leamington Chatham SS 1020 1100 1002 98.2 0 0 0 0 847.9 83.1 711.6 69.8
C23z Lauzon TS Sandwich JCT 1400 1900 0 0 640.3 45.7 900.1 64.3 0 0 0 0
C23z Sandwich JCT Comber WF JCT 1400 1840 0 0 637.2 45.5 897.6 64.1 0 0 0 0
C23z Comber WF KEPA WF JCT 1400 1840 0 0 633.6 45.3 894.3 63.9 0 0 0 0
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 0 0 631.8 45.1 892.5 63.7 0 0 0 0
C23z Dillon RWEC Chatham SS 1400 1690 0 0 629.6 45 890.2 63.6 0 0 0 0
C24z Lauzon TS Sandwich JCT 1400 1900 886 63.3 633.3 45.2 0 0 0 0 793.5 56.7
C24z Sandwich JCT Comber WF JCT 1040 1130 883.5 85 630.5 60.6 0 0 0 0 790.7 76
C24z Comber WF KEPA WF JCT 1040 1130 880.3 84.6 627.2 60.3 0 0 0 0 787.1 75.7
C24z KEPA WF JCT Chatham SS 1020 1100 869.6 85.3 617.4 60.5 0 0 0 0 775.6 76
J3E Keith TS Crawford JCT 1070 1390 623.1 58.2 290.5 27.2 609.5 57 883.1 82.5 715.7 66.9
J3E Crawford JCT Essex TS 1070 1390 396.9 371 188.4 17.6 383.4 35.8 662.4 61.9 488.2 45.6
J4E Keith TS Crawford JCT 1000 1090 577.8 57.8 235.7 23.6 564 56.4 847.1 84.7 672.1 67.2
J4E Crawford JCT Essex TS 1000 1090 443.8 44.4 223.8 224 430.6 43.1 697 69.7 532.6 53.3
Essex TS Windsor 1260 1430 140.7 11.2 338.3 26.8 131 104 403.5 32 859.5 68.2
Z1E Transalta JCT
71E Windsor Walker JCT 1260 1430 471.1 374 46.8 3.7 457.2 36.3 760.3 60.3 1202.8 95.5
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 149.8 13.1 395 34.7 147 12.9 348.8 30.6 284.5 25
Z1E Jefferson JCT Lauzon TS 1190 1370 144.4 12.1 415.2 34.9 142.8 12 327.4 27.5 247.1 20.8
Z7E Essex TS Walker JCT 1260 1430 547.8 43.5 180.1 14.3 534.9 42.4 803.5 63.8 0 0
Z7E Walker JCT Jefferson JCT 1140 1390 135.4 11.9 405 355 132.8 11.6 335.9 29.5 0 0
Z7E Jefferson JCT Lauzon TS 1190 1370 130.9 11 4253 35.7 130.5 11 314.6 26.4 0 0
Lauzon T1 296.8 364.2 0 0 157.6 53.1 140.5 47.4 0 0 0 0
Lauzon T2 296.8 364.2 134.9 45.5 154.4 52 0 0 0 0 96.5 325
Keith T11 180.3 224.5 7.5 4.2 178.5 99 17.2 9.5 61 33.8 19.3 10.7
Keith T12 160.3 187.5 8.5 53 0 0 0 0 68.8 42.9 21.7 13.5
* Control Actions shown in brackets
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Table 24: Thermal loading under outage conditions -Scenario S3

* J3E+C23Z —(After 1
. outage, Arm 62 MW
Circuit/ Circuit Section LTE STE J20B+C21J JE+ZTE Ke't:':g:“s * Kinggville & 50 MW
Xformer Bell River L/R for next
contingency)
From To A/MVA | A/MVA | A/MVA | %LTE | A/MVA | %LTE | A/MVA | %LTE A/MVA %LTE
21 Keith TS Malden TS 1020 1100 0 0 383.4 37.6 0 0 442.6 43.4
21 Malden TS Sandwich JCT 1020 1100 0 0 541.2 53.1 277.7 27.2 600.2 58.8
21 Sandwich JCT Leamington TS 1370 1570 0 0 540.3 39.4 276 20.1 599.2 43.7
C21J Leamington Chatham SS 1370 1570 0 0 588.7 43 379.9 27.7 647 47.2
C22) Keith TS Malden TS 1020 1100 472.2 46.3 375.3 36.8 738.6 72.4 433.6 42.5
C22) Malden TS Sandwich JCT 1050 1150 781.4 74.4 533 50.8 775.7 73.9 591.1 56.3
C22) Sandwich JCT Leamington TS 1020 1100 781.1 76.6 532.4 52.2 775.5 76 590.4 57.9
C22) Leamington Chatham SS 1020 1100 883.2 86.6 581 57 767.8 75.3 638.5 62.6
€232 Lauzon TS Sandwich JCT 1400 1900 641.4 45.8 569.2 40.7 0 0 0 0
€232 Sandwich JCT | Comber WF JCT 1400 1840 639.1 45.7 566.5 40.5 0 0 0 0
€232 Comber WF KEPA WF JCT 1400 1840 636.4 455 563.4 40.2 0 0 0 0
€232 KEPA WF JCT | Dillon RWEC JCT 1400 1690 635 45.4 561.8 40.1 0 0 0 0
C232 Dillon RWEC Chatham SS 1400 1690 633.3 45.2 560 40 0 0 0 0
C24z Lauzon TS Sandwich JCT 1400 1900 633.9 45.3 563 40.2 922.5 65.9 753.6 53.8
C24z Sandwich JCT | Comber WF JCT 1040 1130 631.9 60.8 560.6 53.9 920.5 88.5 751.3 72.2
C242 Comber WF KEPA WF JCT 1040 1130 629.5 60.5 557.7 53.6 917.6 88.2 748.5 72
C242 KEPA WF JCT Chatham SS 1020 1100 622.8 61.1 550 53.9 908.3 89.1 739.8 72.5
J3E Keith TS Crawford JCT 1070 1390 313 29.3 0 0 669.9 62.6 0 0
J3E Crawford JCT Essex TS 1070 1390 88.9 8.3 0 0 449.9 42.1 0 0
JAE Keith TS Crawford JCT 1000 1090 267.4 26.7 844.2 84.4 633.9 63.4 943 94.3
JAE Crawford JCT Essex TS 1000 1090 140.2 14 461.2 46.1 484.4 48.4 576.6 57.7
Essex TS Windsor 1260 1430 209.1 16.6 295.2 23.4 197.7 15.7 192.3 15.3
Z1E Transalta JCT
71 Windsor Walker JCT 1260 1430 168.2 13.3 640.2 50.8 546.5 43.4 392.3 31.1
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 245.1 21.5 355.2 31.2 136.3 12 151.3 13.3
Z1E Jefferson JCT Lauzon TS 1190 1370 266 22.4 389 32.7 115.5 9.7 160.4 13.5
Z7E Essex TS Walker JCT 1260 1430 204.6 16.2 0 0 580.6 46.1 391.2 31.1
Z7E Walker JCT Jefferson JCT 1140 1390 259.3 22.7 0 0 126.4 11.1 167.4 14.7
Z7E Jefferson JCT Lauzon TS 1190 1370 280 23.5 0 0 106.3 8.9 177.1 14.9
Lauzon T1 296.8 364.2 154.2 51.9 125.3 42.2 0 0 0 0
Lauzon T2 296.8 364.2 151.1 50.9 122.7 41.3 154.4 52 96.4 32.5
Keith T11 180.3 224.5 49.8 27.6 22.5 12.5 0 0 8.4 4.7
Keith T12 160.3 187.5 56.2 35 25.3 15.8 50.8 31.7 9.5 5.9
* Control Actions shown in brackets
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Table 25: Thermal loading under outage conditions -Scenario S4

* J3E+C23Z — (After
) 1st outage place
Circuit/ Circuit Section LTE STE J20B+C21) J3E+Z7E Kelt:‘:g:us * Lauzon cag I/g' +arm
Xformer 54 MW Kingsville L/R
for next contingency)
From To A/MVA | A/MVA [ A/MVA %LTE A/MVA | %LTE | A/MVA | %LTE A/MVA %LTE
C21) Keith TS Malden TS 1020 1100 0 0 343.4 33.7 0 0 402.5 39.5
C21) Malden TS Sandwich JCT 1020 1100 0 0 500.7 49.1 266 26.1 559.5 54.8
C21) Sandwich JCT Leamington TS 1370 1570 0 0 500.3 36.5 264.5 19.3 559 40.8
C21) Leamington Chatham SS 1370 1570 0 0 638.7 46.6 454.8 33.2 696.8 50.9
C22) Keith TS Malden TS 1020 1100 397.2 38.9 336.5 33 661.2 64.8 394.7 38.7
C22) Malden TS Sandwich JCT 1050 1150 689.9 65.7 493.1 47 711.2 67.7 551.1 52.5
C22) Sandwich JCT Leamington TS 1020 1100 690.5 67.7 493.1 48.3 711.3 69.7 550.9 54
C22) Leamington Chatham SS 1020 1100 976.4 95.7 630.4 61.8 797.3 78.2 687.6 67.4
C23z Lauzon TS Sandwich JCT 1400 1900 600.6 42.9 525.6 37.5 0 0 0 0
C23z Sandwich JCT Comber WF JCT 1400 1840 597.9 42.7 522.1 37.3 0 0 0 0
C23z Comber WF KEPA WF JCT 1400 1840 594.8 42.5 518.3 37 0 0 0 0
C23z KEPA WF JCT Dillon RWEC JCT 1400 1690 593.2 42.4 516.4 36.9 0 0 0 0
C23z Dillon RWEC Chatham SS 1400 1690 591.3 42.2 514.2 36.7 0 0 0 0
C24z Lauzon TS Sandwich JCT 1400 1900 594 42.4 520.5 37.2 838.8 59.9 745.8 53.3
C24z Sandwich JCT Comber WF JCT 1040 1130 591.5 56.9 517.3 49.7 836.2 80.4 743.5 71.5
C24z Comber WF KEPA WF JCT 1040 1130 588.7 56.6 513.7 49.4 833 80.1 740.5 71.2
C24z KEPA WF JCT Chatham SS 1020 1100 580.6 56.9 503.3 49.3 822.5 80.6 731.6 71.7
J3E Keith TS Crawford JCT 1070 1390 341.4 31.9 0 0 649.3 60.7 0 0
J3E Crawford JCT Essex TS 1070 1390 169 15.8 0 0 423 39.5 0 0
J4E Keith TS Crawford JCT 1000 1090 287.3 28.7 830 83 605.5 60.6 951.3 95.1
J4E Crawford JCT Essex TS 1000 1090 218.4 21.8 452.4 45.2 467.9 46.8 570.9 57.1
Essex TS Windsor 1260 1430 246 19.5 268 213 161.2 12.8 124.2 9.9
Z1E Transalta JCT
1E Windsor Walker JCT 1260 1430 143.2 11.4 599.8 47.6 504.2 40 370.7 29.4
Transalta JCT
Z1E Walker JCT Jefferson JCT 1140 1390 308.8 27.1 329 28.9 144.5 12.7 88.6 7.8
Z1E Jefferson JCT Lauzon TS 1190 1370 328.3 27.6 372 31.3 133 11.2 102.3 8.6
Z7E Essex TS Walker JCT 1260 1430 242.8 19.3 0 0 565.2 44.9 392.1 311
Z7E Walker JCT Jefferson JCT 1140 1390 316.8 27.8 0 0 128.9 11.3 105.9 9.3
Z7E Jefferson JCT Lauzon TS 1190 1370 336.7 28.3 0 0 118.3 9.9 119.8 10.1
Lauzon T1 296.8 364.2 135.9 45.8 106.6 35.9 0 0 0 0
Lauzon T2 296.8 364.2 133.1 44.8 104.3 35.1 117.9 39.7 91 30.7
Keith T11 180.3 224.5 66.2 36.7 33.8 18.7 0 0 9.2 5.1
Keith T12 160.3 187.5 74.7 46.6 38.1 23.8 18.8 11.8 10.4 6.5
* Control Actions shown in brackets
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Table 26: Volta

Voltage Assessment

e assessment results with all elemts in-service for single contingencies — Scenariil

Pre- c2u €23z J3E 7€ Keith A Bus
Bus Name Cont. | pre-uLTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
kv [ kv | % | kv | % | kv | % | kv | % | kv | % | kv | % [k | % [ kv | % | kv | % | kv | %
Keith 230 kv 235.2 |233.3]-0.82|233.4|-0.77 | 234.7 [-0.23| 234.9 |-0.14|235.2[-0.03|235.3| 0.01 |235.0|-0.11 |235.0-0.10| 234.6 |-0.26|234.6| -0.25
Malden C21J 230 kv | 235.3 234.8 [-0.21| 235.1 |-0.12|235.2[-0.04|235.3|-0.01 [235.1|-0.11 [235.1| -0.10| 240.1 | 2.04 [240.1 2.04
Malden C22J 230 kv | 235.4 [233.1[-0.98|233.2|-0.92 | 234.9 |-0.21| 235.1 |-0.12 [235.3|-0.04 |235.4| 0.00 |235.1|-0.11 |235.1|-0.10 | 234.6 |-0.30|234.7| -0.30
Leamington C21J 230 kv| 237.9 237.9 [ 0.01 | 238.1 | 0.11 |237.6|-0.11|237.7|-0.08 | 237.7| -0.09 [237.7| -0.08 | 241.0 | 1.33 [241.0 1.33
Leamington C22J 230 kv| 237.9 |235.6|-1.01 [235.7|-0.96 | 238.0 | 0.01 | 238.2 | 0.11 |237.7|-0.11|237.8|-0.08 [237.7| -0.09 | 237.8 | -0.08 | 237.4 |-0.24|237.4| -0.24
Lauzon C232230 kv | 232.1 |232.0{-0.05 [232.0|-0.03 230.4[-0.75|230.6| -0.65 [231.8|-0.13 [231.9| -0.10| 231.9 |-0.10[231.9| -0.10
Lauzon C242230 kv | 231.6 |231.5(-0.03 [231.5|-0.02 | 223.3 |-3.56 | 225.7 |-2.55|229.8|-0.76 | 230.1|-0.66 [231.3] -0.14 |231.3 | -0.10| 231.4 |-0.09|231.4| -0.09
Chatham 230 kv | 242.9 |243.4] 0.18 |243.4| 0.19 | 243.7 | 0.32 | 244.0 | 0.44 |242.6|-0.15 |242.6|-0.12 | 242.8|-0.05 |242.8| -0.04 | 243.3 | 0.17 [243.3 0.17
Keith 115 kv 124.1 [123.7)-0.31|123.7|-0.29 | 122.9 [-0.97| 123.2 |-0.74 [124.0| -0.04 |124.2| 0.08 |123.6]-0.38 [123.6|-0.35 | 123.5 |-0.44|123.5| -0.44
Crawford J3E 115 kv | 122.6 [122.3-0.30[122.3|-0.28| 120.8 |-1.47 | 121.3 |-1.11 122.0|-0.56 |122.0|-0.51 | 122.2 |-0.38[122.2| -0.38
Crawford JAE 115 kv | 122.8 [122.5-0.29[122.5|-0.28 | 121.0 |-1.47 | 121.4 |-1.16|121.5|-1.11 [121.8|-0.89 | 122.2 | -0.56 | 122.2| -0.51 | 122.4 |-0.38|122.4| -0.38
Essex 115 kV 122.0 [121.7[-0.25|121.7|-0.24 | 119.6 |-1.96 | 120.1 |-1.52 [120.6|-1.11|120.8|-0.96 |121.1|-0.73 [121.2|-0.67 | 121.6 |-0.31|121.6] -0.31
Wi"ds"rT;flnsa'ta 11511220 [121.7]-0.25|121.7[-0.24 | 119.6 |-1.96 | 120.2 |-1.52|120.7| -1.10|120.9|-0.95 | 121.1 -0.74 [121.2| -0.69 | 121.7 |-0.30|121.7] -0.30
Walker ZIE 115 kv | 122.0 [121.7|-0.25|121.7|-0.24 | 119.5 |-2.01| 120.1 |-1.56 [120.6|-1.10120.8 | -0.95 |121.0| -0.83 [121.0|-0.77 | 121.6 |-0.30|121.6| -0.30
Walker Z7E 115 kv | 121.9 [121.6|-0.25|121.6|-0.24 | 119.5 |-2.02| 120.0 |-1.56 [120.6|-1.11 [120.8 | -0.96 121.6 |-0.30[121.6| -0.30
Ford Essex Z1E 115 kV | 122.5 [122.2]-0.23[122.2|-0.21| 1195 |-2.40| 120.2 |-1.87|121.2|-1.02 [121.4| -0.88 [122.0| -0.37|122.1| -0.32 | 122.1 |-0.27|122.1| -0.27
Ford Essex Z7E 115 kV | 122.5 [122.2-0.23|122.2[-0.21| 119.5 | -2.41| 120.2 |-1.87 [121.2|-1.02 [121.4 | -0.88 122.1 [-0.27[122.1| -0.27
Lauzon 115 kV 122.7 [122.4]-0.22|122.5]-0.20| 119.5 |-2.58| 120.2 |-2.01 [121.5|-0.98 |121.7| -0.85 | 122.5| -0.16 [122.6|-0.11 | 122.4 |-0.26|122.4] -0.26
Bell River K2z 115 kv | 122.1 |121.8(-0.22|121.8|-0.21 | 118.9 |-2.65 | 119.6 |-2.05[120.9-1.01|121.0|-0.87 |121.9|-0.16 [122.0|-0.11 | 121.8 |-0.26|121.8| -0.26
Bell River K62 115 kv | 120.9 |120.6[-0.24|120.6|-0.22 | 117.5 |-2.81| 118.3 |-2.13[119.6|-1.07 |119.8| -0.92|120.7| -0.17 [120.8| -0.12 | 120.6 |-0.28|120.6| -0.28
Kingsville K2z 115 kv | 118.9 [118.6|-0.21{118.6]-0.20| 115.9 |-2.52| 116.7 |-1.84 [117.7|-0.96 | 117.9| -0.83 | 118.7| -0.16 [118.7| -0.11 | 118.6 |-0.25|118.6] -0.25
Kingsville K62 115 kv | 117.3 [117.0|-0.26 |117.0|-0.25 | 113.6 |-3.15| 114.6 |-2.29 [115.9]-1.19|116.1|-1.03 |117.1|-0.19 [117.1|-0.13 | 116.9 |-0.31|116.9] -0.31
Tilbury West 115 kv | 119.8 |119.5[-0.21 [119.5|-0.20| 116.7 |-2.54| 117.5 | -1.93|118.6|-0.97|118.8|-0.83 |119.6|-0.16 [119.6 | -0.11 | 119.5 |-0.25|119.5| -0.25
Kent 115 kV 119.9 [119.7[-0.21|119.7|-0.20 | 116.9 |-2.54| 117.6 |-1.93 [118.8|-0.97|118.9|-0.83 |119.7|-0.16 [119.8|-0.11 | 119.6 |-0.25|119.6] -0.25
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Table 27: Volta

e assessment results with all elents in-service for single contingencies — Scenarg?

Pre- c2u €23z J3E 7€ Keith A Bus

Bus Name Cont. | pre.yLTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
kv | kv | % | kv | % | kv | % | kv | % | kv | % | kv | % [ kv | % | kv | % | kv | % | kv | %
Keith 230 kv 2342 |232.0(-0.94232.2|-0.84 | 233.7 [-0.23| 233.9 |-0.13|234.2| 0.01 |234.3| 0.06 |234.0|-0.11 [234.0-0.10| 233.7 |-0.22|233.7| -0.22
Malden C21J 230 kv | 234.2 2337 [-0.21| 233.9 |-0.11(234.2| 0.00 |234.3| 0.04 |233.9(-0.11 [234.0|-0.10| 237.3 | 1.32 [237.3| 1.32
Malden C22J 230 kv | 234.2 [231.4(-1.20|231.7|-1.07 | 233.7 |-0.21| 234.0 |-0.11 [234.2| 0.00 |234.3| 0.04 |234.0|-0.11 |234.0|-0.10 | 233.5 |-0.30|233.5| -0.30
Leamington C21J 230 kv| 235.2 2352 [ 0.02 | 235.5 | 0.13 [235.0[-0.09|235.1|-0.05 [235.0{-0.10 [235.0| -0.09 | 237.5 | 0.96 [237.5| 0.96
Leamington €22J 230 k| 235.2 |229.8|-2.31 [230.2|-2.12| 2353 | 0.02 | 235.5 | 0.13 {235.0{-0.09|235.1{-0.04 |235.0|-0.10|235.0| -0.09 | 234.3 |-0.37|234.3| -0.37
Lauzon 232230 kv | 229.9 |229.6(-0.11 [229.7|-0.08 228.0(-0.84|228.3|-0.68 229.2|-0.31 [229.3 | -0.26 | 229.6 |-0.13[229.6| -0.13
Lauzon C242230 kV | 229.5 |229.3|-0.09 [229.3|-0.06 | 221.1 |-3.65 | 223.7 |-2.53|227.6|-0.84|227.9|-0.69 [228.8| -0.31 |228.9| -0.26 | 229.2 |-0.11[229.2| -0.11
Chatham 230 kv | 241.9 |242.1] 0.10 |242.2| 0.13 | 242.8 | 0.36 | 243.1 | 0.48 [241.5|-0.15|241.6|-0.11 |241.7|-0.08 |241.7| -0.07 | 242.1 | 0.08 |242.1| 0.08
Keith 115 kv 123.8 [123.3[-0.36 |123.4]-0.32 | 122.5 |-1.01| 122.8 |-0.77 [123.9] 0.14 |124.1| 0.27 |123.4|-0.34 |123.4|-0.30 | 123.3 |-0.40|123.3| -0.39
Crawford J3E 115 kv | 121.9 [121.5|-0.34[121.6|-0.30| 120.1 |-1.52| 1205 |-1.17 121.3|-0.49|121.4|-0.44 | 121.5 |-0.36|121.5| -0.36
Crawford JAE 115 kv | 122.1 [121.7]-0.34[121.8|-0.30| 120.3 |-1.52 | 120.7 |-1.17|120.8|-1.11 [121.1|-0.85 | 121.5| -0.49 |121.6 | -0.43 | 121.7 |-0.36|121.7| -0.36
Essex 115 kV 120.9 [120.5[-0.30|120.6|-0.26 | 118.4 |-2.02| 119.0 |-1.57 [119.3|-1.32{119.5|-1.11|120.1| -0.65 [120.2|-0.57 | 120.5 |-0.31|120.5| -0.30
Wi"d”rTI:flnsa'ta 11511209 |120.6]-0.30|120.6|-0.26 | 118.5 |-2.02 | 119.0 |-1.58|119.3|-1.30|119.6|-1.10 | 120.1 | -0.67 [120.2| -0.59 | 120.6 |-0.30|120.6|-0.30
Walker ZIE 115kV | 120.8 [120.5|-0.30|120.5|-0.26 | 118.3 |-2.08 | 118.9 |-1.62 [119.3]-1.30[119.5|-1.10|119.9|-0.78 |120.0| -0.70 | 120.5 |-0.30|120.5| -0.30
Walker Z7E 115 kv | 120.8 [120.4|-0.30{120.5|-0.26 | 118.3 |-2.08 | 118.8 |-1.62 [119.2|-1.30 [119.5|-1.10 120.4 |-0.30{120.4| -0.30
Ford Essex Z1E 115kV | 121.0 [120.7|-0.28 [120.7[-0.24 | 118.0 |-2.49| 118.6 |-1.95|119.6|-1.19 [119.8|-0.99 |120.4| -0.53 |120.4| -0.46 | 120.7 |-0.28|120.7| -0.28
Ford Essex Z7E 115kV | 121.0 [120.6|-0.28 {120.7[-0.24 | 118.0 |-2.49| 118.6 |-1.95|119.5|-1.19 [119.8| -0.99 120.6 |-0.28[120.6| -0.28
Lauzon 115 kV 121.1 [120.8[-0.27|120.8|-0.24 | 117.8 |-2.68 | 118.5 |-2.10[119.7|-1.14119.9| -0.95 | 120.6 | -0.42 [120.7|-0.36 | 120.8 |-0.27|120.8| -0.27
Bell River K2 115 kv | 120.5 [120.2[-0.28|120.2|-0.24 | 117.2 |-2.74| 117.9 |-2.12[119.1-1.17119.3| -0.96 | 120.0| -0.43 [120.1| -0.36 | 120.2 |-0.28|120.2| -0.28
Bell River K62 115 kv | 119.4 {119.1[-0.28119.1|-0.25 | 116.1 |-2.81| 116.8 |-2.17 [118.0|-1.20|{118.3| -0.98 |118.9|-0.44 [119.0|-0.37 | 119.1 |-0.28|119.1| -0.28
Kingsville K2z 115 kv | 118.6 [118.3|-0.23(118.3|-0.20| 115.9 |-2.26 | 116.5 |-1.78 [117.4|-0.97 |117.6 | -0.80 | 118.2| -0.35 [118.2|-0.30 | 118.3 |-0.23|118.3] -0.23
Kingsville K62 115 kv | 116.9 [116.6|-0.29|116.7|-0.25 | 113.6 |-2.88| 114.3 |-2.23 |115.5|-1.23[115.8|-1.00 |116.4| -0.45 [116.5|-0.38 | 116.6 |-0.29|116.6| -0.29
Tilbury West 115 kv | 118.7 |118.4]-0.25 [118.5|-0.22 | 115.8 |-2.49| 116.4 |-1.95|117.5|-1.06|117.7|-0.88 |118.3|-0.39 [118.3 | -0.33 | 118.4 |-0.25|118.4| -0.25
Kent 115 kV 118.9 [118.6|-0.25|118.6|-0.22 | 115.9 |-2.49| 116.6 |-1.95 [117.6|-1.06 |117.8| -0.88 |118.4| -0.39 [118.5|-0.33 | 118.6 |-0.25|118.6] -0.25
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Table 28: Voltage assessment results with all elents in-service for double contingencies — Scenarisl
* Z1E+Z7E - (Kingsville

Pre- C21J+C232 C22J+C242 C232+C24Z J3E +J4E capacitor switching with

Bus Name Cont. four caps. out)
Pre-ULTC | Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC | Post-ULTC | Pre-ULTC ( Post-ULTC | Pre-ULTC | Post-ULTC
kv kv % kv % kv % kv % kv % kv % kv % kv % kv % | kv %
Keith 230 kV 235.2 |232.6(-1.12(233.0|-0.95| 232.9 |-0.98 | 233.2 |-0.85]235.6| 0.15 |235.6( 0.15 |235.4| 0.05 {235.4| 0.06 | 234.9 |-0.15]|234.9| -0.15
Malden C21J 230 kV | 235.3 232.6 (-1.14| 233.0 (-1.00|235.8| 0.20 {235.8| 0.21 (235.2|-0.06 [235.2|-0.05| 234.9 (-0.19(234.9( -0.19
Malden C22) 230 kV | 235.4 |232.4|-1.26 (232.8|-1.07 235.8| 0.21 |235.9( 0.21 |235.2|-0.05 (235.3|-0.04 | 234.9 |-0.18]234.9]| -0.18
Leamington C21J 230 kV| 237.9 235.6 [-0.95| 235.9 (-0.81]239.7| 0.79 (239.7| 0.78 (236.3|-0.66 |236.4|-0.64 | 237.0 (-0.38(237.0{ -0.38
Leamington C22J 230 kV| 237.9 |235.5|-1.02 | 235.9|-0.85 239.8| 0.80 |239.8( 0.79 |236.5|-0.62 (236.5|-0.59 | 237.1 |-0.35|237.1| -0.36
Lauzon C23Z230kV | 232.1 223.4 [-3.74| 225.9 |-2.68 226.4(-2.461226.8(-2.26 | 230.1 |-0.85|229.8| -0.97
Lauzon C24Z230kV | 231.6 (223.3|-3.57|225.7(-2.54 225.6(-2.581226.1(-2.39| 234.2 | 1.12|234.2| 1.14
Chatham 230 kv 242.9 |244.4] 0.59 (244.7)| 0.73 | 244.7 | 0.75 | 245.1 | 0.88 |247.1| 1.71 |247.0( 1.69 |241.2|-0.69 [241.3|-0.65 | 242.5 |-0.18]|242.5| -0.18
Keith 115 kV 124.1 (122.4]-1.34122.7|-1.07 | 121.8 (-1.82| 122.2 (-1.53|123.1|-0.78(123.2|-0.74 (125.5| 1.16 |125.5| 1.16 | 123.7 (-0.34(123.7| -0.34
Crawford J3E 115kV | 122.6 |120.4]-1.83 (120.9|-1.45( 119.9 |-2.21| 120.4 |-1.82|121.1(-1.23|121.2|-1.16 122.4 |-0.20|122.4| -0.19
Crawford J4E 115kV | 122.8 |120.6]-1.82(121.1|-1.45( 120.1 |-2.21| 120.6 |-1.82|121.3(-1.22|121.4|-1.16 122.6 |-0.20|122.6( -0.19
Essex 115 kV 122.0 (119.2]-2.27|119.8|-1.80| 118.9 |-2.56| 119.5 [-2.07|119.9(-1.68 (120.0|-1.59 (118.7|-2.68|119.0|-2.48 | 121.9 (-0.11{121.9| -0.10

Wi”ds"”l:f/”sa'ta 1151 122.0(119.3]-2.27|119.8|-1.81 | 118.9 |-2.56 | 119.5 |-2.06|120.0|-1.69|120.1|-1.60 [118.8|-2.66 | 119.0|-2.46

Walker Z1E 115 kV 122.0 (119.1{-2.33|119.7(-1.85| 118.8 |-2.61 | 119.4 |-2.10(119.9|-1.74(120.0|-1.65|118.7(-2.66 | 119.0| -2.46

Walker Z7E 115 kV 121.9 (119.1(-2.33|119.7(-1.85| 118.7 |-2.61 | 119.4 |-2.11(119.8|-1.74(119.9|-1.65|118.7(-2.67 | 118.9| -2.47
Ford Essex Z1E 115 kV [ 122.5 (119.2(-2.70|119.8|-2.15| 118.9 (-2.95( 119.6 |-2.36(119.9|-2.12 (120.0(-2.01|119.4|-2.54|119.6|-2.33
Ford Essex Z7E 115 kV | 122.5 (119.2(-2.71|119.8|-2.15| 118.9 (-2.95( 119.6 |-2.36|119.9|-2.12 (120.0(-2.01|119.3|-2.54|119.6|-2.34

Lauzon 115 kV 122.7 ({119.2-2.87|119.9(-2.28 | 118.9 (-3.09 | 119.7 |-2.47|119.9|-2.29(120.0|-2.17 |119.7(-2.49|119.9(-2.28 | 125.9 | 2.64 |126.0 2.70
Bell River K22 115 kv | 122.1 (118.5(-2.95|119.3|-2.32| 118.2 (-3.18 | 119.0 |-2.52|119.2|-2.35(119.4(-2.22|119.0|-2.56 |119.3|-2.32 | 124.8 | 2.20 |124.8( 2.23

Bell River K62 115 kV | 120.9 (117.1(-3.13|118.0|-2.42| 116.8 (-3.38 | 117.7 |-2.64|117.9|-2.49(118.1|-2.31|117.6|-2.72|118.0(-2.42 | 118.0 |-2.37|117.7 -2.68

Kingsville K22 115 kv | 118.9 |115.5|-2.81|116.4|-2.11 | 115.3 |-3.03 | 116.1 (-2.30(116.2-2.24|116.5|-2.01|116.0|-2.44 (116.4(-2.11| 115.9 |-2.46(116.3| -2.14

Kingsville K6Z 115 kV | 117.3 |113.2|-3.51|114.2|-2.61 | 112.9 |-3.78 | 113.9 (-2.86(114.0(-2.79|114.4|-2.49|113.7|-3.04 [114.2| -2.62 | 110.8 |-5.55(110.1| -6.11

Tilbury West 115 kv | 119.8 |116.4|-2.84|117.1|-2.20| 116.1 |-3.06 | 116.9 |-2.39(117.1(-2.26|117.3|-2.10|116.8|-2.46 (117.1(-2.20 | 120.3 | 0.45 (120.5| 0.62

Kent 115 kV 119.9 (116.5(-2.83|117.3(-2.19| 116.3 (-3.05| 117.1 |-2.39117.2|-2.26 (117.4|-2.09|117.0(-2.46|117.3|-2.19| 120.5 | 0.45|120.7 0.62

* Control Actions shown in brackets
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Table 28: Voltage assessment results with all elents in-service for double contingencies — Scenarfl (continued)

Pre-

Chatham 230 DL23 BF:

Chatham 230 DL21 BF:

Lauzon T2K BF:

Lauzon T1L7 BF:

C23Z + Chatham D Bus C21J + Chatham D Bus C24Z + Lauzon cap Z7E+C23Z
BusiName Cont. I ore-ULTC | Post-ULTC | Pre-ULTC Post-ULTC | Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC
kv | kv | % | kv | % | kv | % | kv | % | kv | % | kv | % | kv | % | kv | %
Keith 230 kv 235.2 (233.3(-0.83|233.6|-0.71 | 232.4 |-1.21| 232.6 |-1.10[234.0|-0.54 | 234.3| -0.39 | 234.4| -0.37 | 234.7| -0.24
Malden C21J 230 kv | 235.3 [233.3|-0.88|233.5(-0.76 234.1|-0.51|234.5(-0.37|234.5|-0.34 | 234.8|-0.22
Malden C22J 230 kv | 235.4 |233.3|-0.88|233.6|-0.76 | 231.9 | -1.46 | 232.2 |-1.33 [234.2|-0.51|234.5|-0.37|234.6|-0.34 | 234.8|-0.22
Leamington C21) 230 kv| 237.9 |234.8(-1.30 [235.1|-1.16 237.3|-0.24|237.7(-0.07 | 237.6|-0.12 |237.9| 0.02
Leamington €22J 230 kv| 237.9 |234.9|-1.30 | 235.2|-1.16 | 232.7 [-2.19| 233.1 |-2.04|237.4|-0.24|237.8|-0.07 [237.7|-0.12 | 238.0 0.02
Lauzon C232230kV [ 232.1 229.3 |-1.19| 229.7 |-1.02[220.2|-5.12 | 223.5|-3.69
Lauzon C247230 kV | 231.6 |220.7|-4.71 [223.7|-3.41| 229.0 |-1.12 | 229.3 |-0.99 221.7|-4.25|224.8(-2.93
Chatham 230kv | 242.9 |238.6|-1.78|239.0|-1.62 | 238.4 |-1.88| 238.7 |-1.73[243.3| 0.16 |243.8| 0.36 |243.5| 0.22 |243.8| 0.38
Keith 115 kv 124.1 (122.3-1.39(122.7|-1.08 | 123.2 |-0.71| 123.3 |-0.63 |121.8|-1.80 [122.3|-1.44 122.4| -1.39|122.7|-1.07
Crawford J3E 115 kV | 122.6 [120.2|-1.97[120.8|-1.52| 121.7 | -0.80 | 121.8 |-0.72|119.3|-2.69 [120.0|-2.18 [120.1|-2.08 |120.7|-1.62
Crawford JAE 115 kV | 122.8 [120.4|-1.96 [121.0(-1.52| 121.9 |-0.80 | 122.0 |-0.72|119.5|-2.69 [120.2|-2.17[120.3 | -2.08 | 120.9| -1.62
Essex 115 kV 122.0 [118.9-2.52119.6|-1.94 | 120.9 |-0.87 | 121.0 [-0.78|117.7|-3.55 |118.5|-2.88 | 118.6 | -2.76 | 119.4| -2.16
Wi”d”rT@r‘sa'ta 115 1922.0 [118.9]-2.52|119.7|-1.94| 121.0 | -0.87| 121.1 |-0.78 |117.7| 3.55 |118.5| -2.89 | 118.6| -2.79 | 119.4| -2.18
Walker ZIE 115kV | 122.0 [118.8|-2.59{119.6(-1.99 | 120.9 |-0.89| 121.0 |-0.79 [117.5|-3.65 [ 118.4| -2.96 | 118.4| -2.97 | 119.1|-2.34
Walker Z7E 115kV | 121.9 [118.8(-2.59119.5[-2.00 | 120.9 |-0.89 | 121.0 |-0.80 [117.5|-3.66 [ 118.3 | -2.98
Ford Essex Z1E 115KV | 122.5 [118.7|-3.05[119.6|-2.35 | 121.3 |-0.97 | 121.4 |-0.86|117.2|-4.35 [118.1|-3.54 |118.4| -3.29|119.4| -2.48
Ford Essex Z7E 115kV | 122.5 [118.7|-3.05[119.6|-2.35 | 121.3 |-0.97 | 121.4 |-0.86|117.1|-4.35 |118.1|-3.54
Lauzon 115 kV 122.7 [118.7|-3.26 [119.6 -2.51 | 121.5 |-1.00 | 121.6 |-0.89|117.0|-4.65 [118.1|-3.79118.5|-3.43 |119.6|-2.53
Bell River K2z 115 kv | 122.1 {118.0{-3.35|119.0|-2.55 | 120.8 |-1.03| 121.0 |-0.91 |116.3|-4.79|117.4| -3.85 | 117.8| -3.53 [119.0| -2.58
Bell River K62 115 kv | 120.9 |116.6|-3.56 |117.7|-2.62 | 119.6 |-1.09| 119.7 |-0.97 [ 114.8|-5.09 |116.0| -4.04 | 116.4|-3.75 [117.7| -2.65
Kingsville K2Z 115 kv | 118.9 [115.1(-3.19|116.2(-2.21| 117.7 | -0.98 | 117.8 |-0.87 [113.4|-4.58 [115.0|-3.23|114.9( -3.36 | 116.2| -2.24
Kingsville K62 115 kv | 117.3 [112.6(-3.98|114.1|-2.74 | 115.9 |-1.22| 116.0 |-1.08 |110.6|-5.72 |112.1| -4.44 | 112.4| -4.20 |114.0| -2.77
Tilbury West 115 kv | 119.8 |115.9(-3.22 |116.9|-2.37 | 118.6 [-0.99| 118.7 |-0.88|114.3|-4.61|115.5|-3.54 |115.7|-3.39 [116.9 -2.40
Kent 115 kV 119.9 [116.1|-3.22|117.1|-2.37| 118.7 |-0.99 | 118.9 |-0.88|114.4|-4.60 [115.7|-3.54 [115.9|-3.39|117.1|-2.39
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Table 29: Voltage assessment results with all elents in-service for double contingencies — Scenarfs?

o 2114232 C221+C242 C232+C242 J3E +J4E Z1E+Z7E
Bus Name Cont. [ pre.yLTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
kv [ kv | % [k | % |k | % |k [ % |k | % || % |[kw| % |kw|%|[kw|%|k]|%
Keith 230 kv 234.2 [231.3]-1.25[231.7(-1.05 | 231.6 {-1.13| 232.0 [-0.93 [234.5| 0.11 [234.5] 0.11 |234.8] 0.27 | 234.9 0.29 |234.5| 0.11 {234.5| 0.11
Malden C21J 230KV | 234.2 2309 |-1.38| 231.5 |-1.15 [234.6 0.16 |234.6| 0.16 [234.6| 0.16 [234.6| 0.18 [234.3] 0.07 |234.3] 0.07
Malden C22J 230KV | 234.2 [230.7|-1.48 [231.3(-1.26 234.6| 0.16 [234.6| 0.17 [234.6| 0.17 [234.7] 0.19 [234.4| 0.08 [234.4| 0.08
Leamington C21J 230 kv 235.2 230.0 |-2.23[ 230.7 [-1.90 [237.0] 0.77 |237.0| 0.76 |234.1{-0.47 |234.2| -0.44 | 235.0{ -0.07 | 235.0 -0.07
Leamington C22J 230 kv/| 235.2 [229.7|-2.34 [230.5| -2.02 237.1| 0.79 [237.0| 0.78 [234.2|-0.43 |234.3|-0.40 | 235.1{ -0.05 [ 235.1| -0.04
Lauzon C232230kV | 229.9 2209 |-3.92 223.7 | -2.70 223.5-2.80 [224.0[ -2.55 [232.9] 1.29 [232.9( 1.29
Lauzon C242230 kV | 229.5 |220.9(-3.76 |223.5| -2.59 222.9|-2.89 [223.4] -2.65 [231.9] 1.03 [231.9] 1.03
Chatham 230kV | 241.9 |243.2| 0.54 |243.6| 0.71 | 243.6 | 0.70 | 244.1 | 0.89 |246.2| 1.7 |246.1| 1.75 |240.4-0.63 [240.5| -0.58 [242.2| 0.11 |242.2] 0.11
Keith 115 kv 123.8 [122.0{-1.43|122.4]-1.15 | 121.5 |-1.85| 121.9 |-1.53|122.6|-0.96 |122.6|-0.93 126.2| 1.94 |126.2 1.95 [124.2 0.37 1242 0.38
Crawford J3E 115KV | 121.9 |119.6|-1.92120.1[-1.53| 119.2 | -2.28| 119.7 | -1.85|120.2| -1.45 |120.2 | -1.40 122.9] 0.81 [122.9] 0.82
Crawford J4E 115KV | 122.1 |119.8|-1.92]120.3[-1.53| 119.4 [-2.27| 119.9 |-1.85|120.4|-1.45 |120.4| -1.40 123.1] 0.81 [123.1] 0.82
Essex 115 kV 120.9 [118.0{-2.39[118.6]-1.90[ 117.7 [ -2.66 | 1183 |-2.13[118.5[-1.96 | 118.6]-1.90[116.4| 3.67 | 116.7| 3.44 [ 122.4 1.21 [122.4] 1.22

Wi”ds"”l:f/”sa'ta 1151 120.9|118.0-2.39|118.6|-1.90 | 117.7 | -2.66 | 118.3 |-2.13|118.5|-1.96 | 118.6]-1.91 [116.5|-3.64 | 116.8] -3.40

Walker Z1E 115 kV 120.8 [117.9|-2.45(118.5|-1.95| 117.6 |-2.72| 118.2 (-2.17|118.4|-2.02|118.5|-1.96 (116.4|-3.64 | 116.7(-3.40

Walker Z7E 115 kV 120.8 [117.8|-2.45(118.4|-1.96| 117.5 |-2.72| 118.1 (-2.18|118.3|-2.03|118.4|-1.97 (116.4|-3.65|116.7(-3.41

Ford Essex Z1E 115 kV | 121.0 ({117.5(-2.85|118.2|-2.27| 117.3 (-3.09( 118.0 |-2.46|118.0|-2.46 (118.1-2.40|116.9|-3.38|117.2|-3.13

Ford Essex Z7E 115 kV | 121.0 ({117.5(-2.85|118.2|-2.28 | 117.2 (-3.09 | 118.0 |-2.47|118.0|-2.46 (118.1(-2.40|116.9|-3.38|117.2|-3.14

Lauzon 115 kV 121.1 (117.4|-3.03 (118.2|-2.42| 117.1 | -3.26| 117.9 |-2.59|117.9(-2.66|117.9]-2.59 (117.1|-3.26 (117.4|-3.01|123.3| 1.79 |123.3| 1.79

Bell River K22 115 kV | 120.5 (116.8-3.10|117.5|-2.45| 116.5 |-3.34| 117.3 |-2.62(117.2(-2.72|117.3|-2.63 |116.5|-3.34 (116.8(-3.05 (122.7| 1.86 |122.7| 1.86

Bell River K62 115 kV | 119.4 (115.6(-3.19|116.4|-2.57 | 115.3 |-3.42| 116.2 |-2.69|116.1(-2.79(116.2|-2.69 |115.3|-3.43 (115.6(-3.18 (122.1| 2.23 |122.1| 2.23

Kingsville K22 115 kv | 118.6 |115.5|-2.57|116.3|-1.91( 115.3 | -2.76| 116.0 |-2.19(115.9(-2.25|116.0|-2.20|115.3|-2.76 ({115.7(-2.41|120.4| 1.54 |120.4| 1.55

Kingsville K6Z 115 kV | 116.9 |113.1|-3.27|113.7|-2.75( 112.8 | -3.51| 113.7 |-2.76 (113.6(-2.86|113.7|-2.76 | 112.8|-3.51 (113.0( -3.38 [ 119.6| 2.26 |119.6| 2.27

Tilbury West 115 kv | 118.7 |115.4|-2.82|116.1|-2.19 115.1 | -3.03| 115.9 |-2.41(115.8(-2.47|115.9|-2.41|115.1|-3.03 (115.5(-2.74(120.7| 1.68 |120.7| 1.68

Kent 115 kV 118.9 [115.5|-2.82(116.3|-2.19| 115.3 | -3.03 | 116.0 |-2.41|116.0|-2.47|116.0|-2.41|115.3|-3.03 (115.6-2.74|120.9( 1.68 |120.9( 1.68
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Table 29: Voltage assessment results with all elents in-service for double contingencies — Scenarfs? (continued)

Chatham 230 DL23 BF:

Chatham 230 DL21 BF:

Lauzon T1L7 BF: Z7E+C23Z

Pre- | 237 + Chatham D Bus C21J + Chatham D Bus

BusiName Cont. I ore-ULTC | Post-ULTC | Pre-ULTC Post-ULTC | Pre-ULTC | Post-ULTC
kv | kv | % | kv | % | kv | % | v | % | kv | % | kv | %
Keith 230 kv 234.2 (232.2|-0.84|232.6]-0.69 | 231.1 |-1.34| 231.5 |-1.17 |233.4|-0.36 | 233.7-0.22
Malden C21J 230 kv | 234.2 [232.1|-0.89|232.4(-0.74 233.4-0.34(233.7[-0.20
Malden C22J 230 kv | 234.2 [232.1|-0.89|232.5|-0.74| 230.3 | -1.68 | 230.8 |-1.47 [233.4|-0.34 |233.7-0.20
Leamington C21) 230 kv| 235.2 |232.1{-1.34 | 232.5|-1.15 234.9|-0.12|235.3| 0.04
Leamington €22J 230 kv| 235.2 |232.1{-1.33 [232.5|-1.15 | 226.8 | -3.56 | 227.8 |-3.16|235.0|-0.11 |235.3| 0.05

Lauzon C232230 kV | 229.9 227.0 |-1.25| 227.9 |-0.88
Lauzon C247230 kV | 229.5 |218.3|-4.86 [221.7|-3.39| 226.8 |-1.17 | 227.4 |-0.89|219.0|-4.56 |222.6|-3.01
Chatham 230kv | 241.9 |237.6|-1.77|238.1|-1.57 | 237.1 [-1.97| 237.9 |-1.66 |242.5| 0.24 |242.9| 0.42
Keith 115 kv 123.8 [122.0|-1.43|122.4(-1.11| 122.8 |-0.75| 123.0 | -0.61 [122.1|-1.39 [122.5| -1.05
Crawford J3E 115 kv [ 121.9 [119.5]-2.02[120.0(-1.56 | 120.9 |-0.84 | 121.1 |-0.67|119.4|-2.07 [120.0|-1.57
Crawford JAE 115 kv [ 122.1 [119.7]-2.01[120.2|-1.55 | 121.1 |-0.84 | 121.3 |-0.67|119.6|-2.07 [120.2|-1.57
Essex 115 kV 120.9 [117.8|-2.59|118.5[-2.00 | 119.8 |-0.90 | 120.0 |-0.71 |117.6|-2.74 | 118.4| -2.10
Wi”d”rT@r‘sa'ta 115 1120.9 [117.8]-2.59 | 118.5| -2.00| 119.8 | -0.90| 120.1 |-0.71 |117.6|-2.79 [118.3| -2.13
Walker ZIE 115kV | 120.8 [117.6|-2.66 |118.4|-2.05 | 119.7 |-0.91| 120.0 |-0.71 [117.2|-3.00 [ 118.0| -2.32

Walker Z7E 115kV | 120.8 [117.6-2.66 |118.3[-2.06 | 119.7 |-0.92| 119.9 |-0.72
Ford Essex Z1E 115kV | 121.0 [117.2|-3.15|118.1|-2.43 | 119.8 |-0.99| 120.1 |-0.77 [116.7|-3.58 [117.7|-2.71

Ford Essex Z7E 115kV | 121.0 [117.2|-3.15[118.0|-2.43 | 119.8 |-1.00| 120.1 |-0.77
Lauzon 115 kV 121.1 [117.0|-3.36 |117.9[-2.60 | 119.8 |-1.03 | 120.1 |-0.79 [116.4|-3.83 [117.6 | -2.88
Bell River K2z 115 kv | 120.5 |116.4(-3.44|117.3|-2.62 | 119.2 |-1.05| 119.5 |-0.80|115.8|-3.92|117.0|-2.90
Bell River K62 115 kv | 119.4 |115.2(-3.53 |116.2|-2.68 | 118.1 |-1.08| 118.4 |-0.82114.6|-4.03|115.9|-2.96
Kingsville K2Z 115 kV | 118.6 [115.2|-2.85|116.0{-2.20| 117.5 | -0.87| 117.8 |-0.67 |114.7|-3.24 115.7| -2.43
Kingsville K6Z 115 kV | 116.9 [112.7-3.62|113.7|-2.75 | 115.7 |-1.11| 116.0 |-0.83 [112.1|-4.13 [113.4| -3.02
Tilbury West 115 kv | 118.7 |115.0{-3.13 |115.9|-2.42 | 117.6 |-0.96 | 117.9 |-0.74|114.5|-3.57 |115.6|-2.68
Kent 115 kV 118.9 [115.2|-3.13|116.0|-2.41| 117.8 | -0.96 | 118.0 |-0.74 [114.7|-3.56 [ 115.7| -2.67
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Table 30: Voltage assessment results under outagenditions — Scenario S1

gE'STg /‘; KEITH A Bus + C23Z KEITH A Bus + Keith H Bus :)S/Es J3E +C24Z ::Effég 21 Cl?ea;::acnz’;':ggpe“

Bus Name Pre- Pre- Pre-
Cont. Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Cont. Pre-ULTC Post-ULTC Cont. Post-ULTC Pre-ULTC
kv | kv | % | kv | % | kv | % | kv | % | kv | % [kv| % | kv | % | kv | % | kv | %
Keith 230 kv 234.6 |234.2-0.20(234.3|-0.13 235.3(234.5(-0.31( 235.0 | -0.12| 2343 |234.0(-0.15(234.0(-0.15
Malden C21J 230 kv 240.1 |240.8|0.26 |241.1| 0.39 | 231.2 |-3.71| 232.9 |-2.99235.3(234.6(-0.29( 235.1 [-0.10| 234.2 |234.0(-0.09 |234.0(-0.07
Malden C22J 230 kv 234.7 |234.2(-0.18(234.4|-0.10 235.4(234.7(-0.29( 235.1 | -0.10| 234.5 |233.9 (-0.25(233.9)-0.25
Leamington C21)230kV | 241.0 | 241.8| 0.30 |242.1] 0.42 | 235.1 |-2.45| 236.2 | -2.00|237.7|237.6(-0.05| 238.1 | 0.17 | 234.2 |234.6| 0.15 |234.6| 0.17
Leamington C22)230kV | 237.4 | 237.5]| 0.05 |237.7| 0.16 237.8(237.7(-0.04( 238.2 | 0.17 | 237.4 |236.4(-0.42(236.4(-0.42
Lauzon C23Z 230 kV 231.9 231.5 |-0.17| 231.6 |-0.13230.6/220.2|-4.51| 224.3 | -2.74 | 232.3 |232.2|-0.06|232.2|-0.06
Lauzon C24Z 230 kV 231.4 |222.8|-3.69(225.4|-2.59| 230.8 |-0.24 | 230.9 [-0.20 |230.1 231.8 |231.7[-0.05(231.7(-0.05
Chatham 230 kv 2433 |244.3|0.39 |244.6| 0.52 | 243.9 | 0.24 | 244.1 | 0.32 |242.6(243.4(0.31|244.0 [ 0.55 | 243.7 |243.5(-0.05243.5/-0.05
Keith 115 kV 123.5 |122.1|-1.19(122.4|-0.91| 122.9 |-0.54| 122.9 |-0.53|124.2(122.8-1.11| 123.4 |-0.62| 123.9 |123.8|-0.07(123.8|-0.07
Crawford J3E 115 kv 122.2 | 120.1|-1.69|120.6|-1.29| 121.7 | -0.35| 121.8 | -0.33 122.5 |122.4(-0.07 (122.4|-0.07
Crawford J4E 115 kv 122.4 |120.3 |-1.68|120.8|-1.29| 121.9 |-0.35| 122.0 |-0.33|121.8(119.0(-2.26| 120.1 |-1.32| 122.7 |122.6|-0.07|122.6(-0.07
Essex 115 kV 121.6 |119.0 |-2.16|119.6|-1.67 | 121.4 |-0.18| 121.4 |-0.16|120.8(117.1|-3.07| 118.5 [-1.95| 121.9 |121.8|-0.07|121.8|-0.07
Windsor Transalta 115 kV| 121.7 |119.0 |-2.16(119.6[-1.67| 121.4 | -0.18| 121.5 | -0.15|120.9|117.2|-3.07| 118.5 |-1.95| 121.9 |121.8|-0.07|121.8]-0.07
Walker Z1E 115 kv 121.6 |118.9|-2.22|119.5|-1.71| 121.4 |-0.17| 121.4 |-0.15|120.8(117.0(-3.13| 118.4 [-1.99| 121.9 |121.8-0.07|121.8|-0.07
Walker Z7E 115 kv 121.6 |118.9|-2.22(119.5|-1.72| 121.3 |-0.18| 121.4 |-0.15|120.8(117.0(-3.13| 118.4 [-1.99| 121.8 |121.7-0.07|121.7|-0.07
Ford Essex Z1E 115kvV | 122.1 |118.9 |-2.62(119.7(-2.03| 122.0 |-0.13| 122.0 |-0.10|121.4]|117.1|-3.52| 118.6 | -2.27| 122.4 |122.3|-0.07|122.3]|-0.07
Ford Essex Z7E 115kV | 122.1 |118.9 |-2.62(119.7(-2.03| 122.0 |-0.13| 122.0 |-0.10|121.4]|117.1|-3.52| 118.6 | -2.27 | 122.4 |122.3|-0.07122.3]|-0.07
Lauzon 115 kV 122.4 |119.0 |-2.80(119.7|-2.17| 122.3 |-0.11| 122.3 |-0.08 |121.7(117.2|-3.69| 118.8 |-2.40| 122.6 |122.5|-0.07[122.5(-0.07
Bell River K22 115kv | 121.8 |118.3|-2.88|119.1|-2.21| 121.6 |-0.11| 121.7 | -0.08|121.0|116.4|-3.80| 118.1 | -2.43| 122.0 |121.9|-0.07|121.9]-0.07
Bell River K62 115kv | 120.6 |116.9 |-3.05|117.8|-2.31| 120.4 |-0.12 | 120.5 |-0.08119.8|114.9|-4.05| 116.8 | -2.53 | 120.8 |120.7|-0.08|120.7|-0.08
Kingsville K22 115kv | 118.6 |115.3[-2.74[116.2(-2.00 118.5 [-0.10| 118.5 |-0.07[117.9]|113.6|-3.64| 115.7 | -1.86| 118.8 |118.7 |-0.07|118.7(-0.07
Kingsville K62 115 kv | 116.9 |112.9 [-3.42[114.0(-2.49| 116.8 [-0.13| 116.8 |-0.09(116.1|110.8|-4.55| 112.9 | -2.74| 117.2 |117.1|-0.09|117.1|-0.09
Tilbury West 115 kv 119.5 | 116.2 |-2.76|117.0|-2.09 | 119.3 |-0.11| 119.4 |-0.07 |118.8|114.4-3.66| 116.2 |-2.16 | 119.7 |119.6-0.07[119.6|-0.07
Kent 115 kV 119.6 | 116.3|-2.76|117.1|-2.09| 119.5 |-0.11| 119.5 |-0.07 |118.9|114.6-3.66| 116.4 |-2.16 | 119.9 |119.8-0.07[119.8|-0.07
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Table 31: Voltage assessment results under outagendlitions — Scenario S2

:E'STS /’; KEITH A Bus + C23Z KEITH A Bus + Keith H Bus (133/2 J3E + C24Z ::Effég eu c;;::i;ﬁ':ggpem

Bus Name Pre- Pre- Pre-
Cont. Pre-ULTC Post-ULTC | * Pre-ULTC Post-ULTC Cont. Pre-ULTC | Post-ULTC Cont. Post-ULTC Pre-ULTC
kv kv % kv % kv % kv % kv % kv % kv % kv % kv %
Keith 230 kV 233.7 | 233.2 (-0.20|233.4|-0.12 234.3(233.5]-0.34( 234.1 | -0.11| 233.1 232.41-0.29|232.6|-0.21
Malden C21J 230 kV 237.3 [ 238.0 | 0.29 |238.3]| 0.42 | 227.1 |-4.30| 224.3 |-5.47(234.3|233.5]-0.32( 234.1 | -0.09| 232.7 223.8|-3.85|225.7|-3.01
Malden C22J 230 kV 233.5 ([ 233.1(-0.18]233.3|-0.10 234.3(233.6]-0.32( 234.1 | -0.09| 233.1 231.9-0.51|232.2|-0.41
Leamington C21) 230 kV | 237.5 | 238.2 [ 0.33 |238.6( 0.46 | 228.8 |-3.65 | 226.1 |-4.80(235.1|234.9]-0.09] 235.5 | 0.18 230.5 223.4-3.12|225.2]-2.31
Leamington C22) 230 kV | 234.3 | 234.5 [ 0.05 |234.7( 0.16 235.1(234.9]-0.09( 235.6 | 0.19 234.6 231.7 |-1.22|232.1|-1.05
Lauzon C23Z 230 kV 229.6 229.3 [-0.13| 229.1 (-0.21|228.3(217.0|-4.96( 221.9 | -2.83 230.2 229.8-0.14229.9|-0.11
Lauzon C24Z 230 kV 229.2 | 220.6 (-3.77]223.2|-2.63 | 228.8 |-0.19| 228.6 |-0.26 [227.9 229.8 229.5(-0.13|229.5|-0.10
Chatham 230 kv 242.1 |(243.1( 0.42 |243.4)| 0.55 | 242.4 | 0.13 | 241.9 |-0.10(241.6|242.3(0.29| 243.1 | 0.60 242.8 242.41-0.17 |242.5|-0.14
Keith 115 kV 123.3 | 121.8 |-1.22(122.1|-0.95| 122.7 |-0.50( 122.6 |-0.52|124.1|122.6(-1.24| 123.3 | -0.65 123.6 123.41-0.14 (123.5(-0.10
Crawford J3E 115 kV 121.5 | 1194 |-1.72(119.9|-1.35| 121.1 |-0.34( 121.1 |-0.36 121.8 121.6 |-0.14 (121.7(-0.11
Crawford J4E 115 kV 121.7 | 119.6 |-1.72(120.1|-1.35| 121.3 |-0.34( 121.3 |-0.36(121.1|118.1(-2.49| 119.4 | -1.38 122.0 121.81-0.14 (121.9(-0.11
Essex 115 kV 120.5 | 117.9|-2.21(118.4|-1.74 | 120.3 |-0.18 ( 120.3 |-0.22|119.5|115.4(-3.44| 117.1 | -2.09 120.8 120.6 |-0.14 (120.7(-0.11
Windsor Transalta 115 kV | 120.6 | 117.9 [-2.22(118.5|-1.74| 120.3 [-0.18| 120.3 |-0.21|119.6|115.5/-3.45| 117.1 [-2.09| 120.8 |120.7|-0.14(120.7[-0.11
Walker Z1E 115 kV 120.5 |117.7 [-2.27(118.3|-1.79| 120.3 |-0.18| 120.2 |-0.21|119.5(115.3|-3.51| 117.0 [ -2.13| 120.7 |120.6|-0.14[120.6(-0.11
Walker Z7E 115 kV 120.4 |117.7 [-2.28(118.2|-1.80| 120.2 |-0.18| 120.2 |-0.21|119.5(115.3|-3.51| 116.9 |-2.14| 120.7 |120.5|-0.14[120.5(-0.11
Ford Essex Z1E 115kV | 120.7 | 117.4 |-2.69[118.1(-2.13| 120.5 [-0.13 | 120.5 |-0.17|119.8|115.1|-3.94| 116.8 | -2.46| 120.9 |120.8|-0.15|120.8|-0.12
Ford EssexZ7E 115kV | 120.6 | 117.4 |-2.69[118.1(-2.13| 120.5 [-0.13 | 120.4 |-0.17|119.8|115.1(-3.94| 116.8 | -2.46| 120.9 [120.7|-0.15|120.8|-0.12
Lauzon 115 kv 120.8 | 117.3 |-2.88(118.0|-2.28 | 120.6 |-0.11 | 120.6 |-0.15|119.9|115.0(-4.13| 116.8 | -2.61 121.0 120.9 |-0.15(120.9(-0.12
Bell River K2Z 115 kV 120.2 | 116.6 [-2.95(117.4]-2.31| 120.0 [-0.11| 120.0 | -0.14 |119.3|114.3|-4.24| 116.2 | -2.62| 120.5 |120.3|-0.15[120.3[-0.12
Bell River K6Z 115 kV 119.1 | 115.5(-3.03(116.2|-2.42| 119.0 [-0.11| 118.9 |-0.14|118.3(113.1|-4.36| 115.1 |-2.68| 119.4 |119.2|-0.15[119.2(-0.12
Kingsville K2Z 115 kV 118.3 | 115.4 (-2.44(116.2|-1.79| 118.2 [-0.09 | 118.2 |-0.12 [117.6{113.5|-3.49| 115.0 [ -2.20| 118.5 |118.4|-0.12(118.4(-0.10
Kingsville K6Z 115 kV 116.6 | 113.0 [-3.10(113.6|-2.60| 116.5 |-0.11| 116.4 |-0.15|115.8(110.6|-4.48| 112.6 | -2.74| 116.9 |116.7|-0.16|116.8(-0.13
Tilbury West 115 kV 118.4 | 115.3 [-2.68(116.0{-2.06| 118.3 [-0.10| 118.3 |-0.14|117.7|113.2|-3.84| 114.8 | -2.42| 118.7 |118.5|-0.14(118.6(-0.11
Kent 115 kV 118.6 | 115.4 [-2.68(116.2|-2.06| 118.5 [-0.10| 118.4 |-0.14|117.8(113.3|-3.84| 115.0 [ -2.42| 118.8 |118.7|-0.14(118.7(-0.11

* Leamington and Malden load was converted for thustingency Pre-ULTC
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Table 32: Volta

e assessment results with all elenits in-service for single contingencies — Scenari#

Pre- c21 €23z J5D J3E Z7E Keith A Bus
Bus Name Cont. [ pre-yLTC | Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC
kv kv % kv % kv % kv % kv % kv % kv % kv % kv % kv % kv % kv %
Keith 230 kV 232.1 |230.1|-0.83(230.3|-0.77 | 230.0 |-0.87 | 230.7 |-0.57|238.2| 2.63 |237.8( 2.48 |231.8|-0.11(232.0|-0.04 (231.7|-0.16 | 231.7(-0.14 | 232.1 { 0.00 (232.1| 0.00
Malden C21) 230 kv | 232.3 230.3 |-0.87 | 231.0 [-0.57 [238.5| 2.67 [238.2 2.50 [232.1-0.12(232.2|-0.05|232.0( -0.16 |232.0| -0.14 | 237.2 | 2.08 |237.2| 2.08
Malden C22) 230 kv | 232.3 |229.9]-1.02{230.1{-0.94 | 230.2 [-0.88 | 230.9 |-0.58238.5] 2.69 |238.1] 2.52 {232.0{-0.12 [232.2(-0.05 [231.9[-0.16 [231.9|-0.14 | 232.4 | 0.06 [232.4| 0.06
Leamington C21J 230 kv| 236.1 234.1 |-0.83| 234.9 [-0.50(242.5( 2.73 [242.1| 2.58 [235.6[-0.19(235.8|-0.12|235.7| -0.14 | 235.8| -0.12 | 239.3 | 1.35[239.3[ 1.36
Leamington C22J 230 kv| 235.8 [233.1{-1.17[233.2|-1.11| 233.8 [-0.85 | 234.6 [-0.51[242.4| 2.80 |242.0( 2.64 [235.4(-0.19(235.5-0.12 [235.5(-0.14 {235.5|-0.12 | 236.5 | 0.28236.5| 0.28
Lauzon C237 230 kv | 230.6 [230.0[-0.23 [230.1(-0.21 236.1( 2.41 [235.4 2.11 [228.2(-1.00(228.7-0.81230.0] -0.25[230.1] -0.19 | 230.8 | 0.12|230.8| 0.12
Lauzon C247 230 kv | 230.3 [229.7[-0.26 [229.8|-0.24 | 216.1 |-6.20| 220.4 |-4.30(236.0( 2.46 |235.3| 2.16 [228.0(-1.01(228.5|-0.82|229.8]-0.25|229.9] -0.19| 230.6 | 0.11[230.6[ 0.11
Chatham 230 kV 243.4 |244.5]| 0.45 (244.6)| 0.47 | 242.2 |-0.49| 243.1 |-0.13|248.6| 2.13 |248.3( 1.98 |242.7|-0.30 (242.9|-0.23 (243.2|-0.10 | 243.2(-0.08 | 244.4 [ 0.41 (244.4( 0.41
Keith 115 kV 123.9 (123.4]-0.41|123.4|-0.38| 121.8 |(-1.70| 122.5 (-1.12|125.8| 1.52 (125.6| 1.37 (123.8|-0.13|123.9| 0.02 |123.4(-0.41]123.5(-0.36| 123.8 |-0.09|123.8( -0.09
Crawford J3E 115 kv | 122.7 {122.2{-0.34[122.3[-0.31 119.6 [-2.52 120.6 |-1.71|124.6| 1.56 |124.3] 1.38 121.9(-0.59[122.0-0.52| 122.6 [-0.04|122.6| -0.04
Crawford JAE 115 kv | 122.9 [122.5{-0.33 [122.5(-0.31| 119.8 [-2.52| 120.8 |-1.71{124.8] 1.56 {124.6{ 1.37 [121.5[-1.19 [121.8[-0.90 [122.2|-0.59|122.3] -0.52| 122.9 |-0.04[122.9 -0.04
Essex 115 kV 122.2 (121.9]-0.26121.9|-0.24 | 118.2 (-3.30| 119.4 (-2.27|124.2| 1.61 (123.9] 1.39 (120.7|-1.25|121.0|-1.00|121.3(-0.77 |121.4|-0.68 | 122.2 | 0.01 |122.2| 0.02
Windsor Transalta 115 | 122.3 [121.9]-0.26|122.0(-0.23 | 118.2 (-3.32| 119.5 (-2.28|124.2| 1.60 {123.9| 1.38 (120.7|-1.25|121.0|-1.00|121.3(-0.79121.4|-0.70 | 122.3 [ 0.01 |122.3| 0.02
kv
Walker Z1E 115 kV 122.2 (121.9]-0.26121.9|-0.23 | 118.1 |-3.39| 119.3 |-2.33|124.2| 1.63 (123.9| 1.40 (120.7|-1.25|121.0|-1.00|121.1(-0.89121.2(-0.79| 122.2 | 0.02 |122.2| 0.02
Walker Z7E 115 kv | 122.1 [121.8{-0.26 [121.8[-0.24 | 118.0 |-3.39] 119.3 {-2.33[124.1[ 1.63 [123.8[ 1.41 [120.6|-1.25|120.9]-1.00 122.1 {0.02 [122.1] 0.02
Ford Essex Z1E 115 kv | 122.6 |122.3]-0.24(122.3]-0.22 | 117.8 [-3.94 | 119.2 |-2.73|124.8] 1.78 |124.5| 1.53 [121.1{-1.21 [121.4(-0.97 [122.0[-0.49 [122.1|-0.40 | 122.6 | 0.04 [122.6[ 0.05
Ford Essex Z7E 115 kv | 122.6 |122.3-0.24122.3]-0.22| 117.7 [-3.94 [ 119.2 |-2.73|124.8| 1.79 |124.4| 1.53 |121.1]-1.21|121.4]-0.97 122.6 {0.04 |122.6] 0.05
Lauzon 115 kV 122.8 (122.5]-0.24122.5|-0.21| 117.6 |-4.18 | 119.2 (-2.90|125.1| 1.85 (124.7| 1.59 (121.3|-1.20|121.6|-0.96 |122.4(-0.31|122.5(-0.23 | 122.8 | 0.06 |122.8| 0.06
Bell River K27 115 kv | 122.1 [121.8[-0.24|121.9]-0.22| 116.8 [-4.32 | 118.5 [-2.95[124.5 1.91 |124.1| 1.62 |120.6]-1.24|120.9]-0.98 [121.7{-0.32 [121.8{-0.23 | 122.2 | 0.06 |122.2] 0.06
Bell River K62 115 kv | 121.1 [120.8]-0.26 |120.8]-0.23| 115.5 |-4.61 | 117.5 |-3.02 [123.6( 2.03 |123.2| 1.68 |119.5]-1.32|120.0|-0.96 |120.7{-0.34 {120.8{-0.25 | 121.2 | 0.06 |121.2] 0.06
Kingsville K2z 115 kv | 117.3 [116.9]-0.30[116.9{-0.27 | 111.0 |-5.36 | 113.5 |-3.25120.0 2.34 [119.4| 1.85 |115.5[-1.52 [115.6|-1.38116.8[-0.39 [116.9{-0.29| 117.3 | 0.07 [117.3] 0.07
Kingsville K62 115 kv | 117.3 [116.9]-0.31[116.9(-0.27| 110.9 |-5.43 | 113.4 |-3.27[120.0 2.37 [119.4| 1.86 |115.5[-1.54 [116.2{-0.94|116.8[-0.40 [116.9{-0.29| 117.4 | 0.07 [117.4] 0.07
Tilbury West 115 kv | 118.8 [118.5[-0.28[118.5[-0.25| 113.0 | -4.88 | 115.0 [-3.17 [121.3] 2.14 [120.9] 1.76 [117.1{-1.39117.4-1.18 [118.4|-0.36 | 118.5]-0.26 | 118.9 [ 0.06 [118.9| 0.07
Kent 115 kV 119.0 (118.6]-0.27|118.7|-0.25| 113.2 (-4.87| 115.2 |-3.16|121.5| 2.14 (121.0| 1.76 (117.3|-1.39|117.5|-1.18|118.5(-0.36 |118.6(-0.26 | 119.0 | 0.06 |119.0| 0.07
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Table 33: Voltage assessment results with all elents in-service for single contingencies — Scenari?
Pre- c21) c23z J5D J3E Z7E Keith A Bus
Bus Name Cont. | pre-uLTC | Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC (| Post-ULTC | Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC
kv kv % kv % kv % kv % kv % kv % kv % kv % kv % kv % kv % kv %
Keith 230 kV 231.3 |229.0(-0.99(229.2|-0.88 | 229.6 |-0.73 | 230.2 |-0.47|237.0| 2.49 |236.9( 2.42 |231.1|-0.07 ({231.3| 0.00 (230.9|-0.18{230.9(-0.15| 231.4 [ 0.05 [231.4| 0.06
Malden C21J 230 kv | 231.4 229.7 |-0.73| 230.4 | -0.46|237.3| 2.53 |237.1| 2.45 |231.2|-0.08 |231.4|-0.01|231.0|-0.18 |231.1| -0.16 | 234.3 [ 1.23 [234.3| 1.23
Malden C22J 230 kv | 231.4 |228.4|-1.26(228.7|-1.13 | 229.7 |-0.74 | 230.3 |-0.47|237.2| 2.54 |237.1| 2.47 |231.2|-0.08 |231.3|-0.01|230.9|-0.18 |231.0{-0.16 | 231.6 | 0.09 [231.6| 0.10
Leamington C21J 230 kv/| 233.5 231.9 |-0.68| 232.6 |-0.36239.7| 2.68 |239.6| 2.61 |233.1|-0.18|233.2|-0.12233.1|-0.18 | 233.1| -0.16 | 235.5 [ 0.87 [235.5| 0.87
Leamington C22J 230 kv| 233.2 |227.2(-2.57 [227.7(-2.34 | 231.6 |-0.69 | 232.3 |-0.37(239.6( 2.74 239.4| 2.67 [232.8|-0.18|232.9|-0.11|232.8|-0.18 |232.8|-0.16 | 233.8 | 0.25|233.8| 0.25
Lauzon C237 230 kv | 228.7 |227.8-0.37 228.0(-0.31 233.9( 2.26 [233.6( 2.14 [226.1|-1.14 [226.5[-0.96 [ 227.6 | -0.48 [ 227.8 -0.40 [ 229.0 | 0.15|229.0| 0.15
Lauzon C24Z 230 kv | 228.5 |227.6(-0.39|227.7|-0.34 | 215.2 | -5.83 | 219.5 |-3.95|233.8| 2.31 |233.5| 2.19 |225.9|-1.15|226.3|-0.96 | 227.4| -0.48 | 227.6| -0.40 | 228.8 | 0.14 |228.8] 0.15
Chatham 230 kV 242.3 |243.01 0.30 (243.2| 0.35 | 241.5 |-0.34 | 242.4 | 0.01 |247.3| 2.07 |247.2 2.01 |241.6|-0.32(241.7|-0.26 (241.9]-0.16 [ 242.0(-0.14 | 243.1 [ 0.33 [243.1 0.33
Keith 115 kV 123.9 (123.2]-0.52123.3|-0.47| 122.0 (-1.52| 122.6 |-1.03|125.7| 1.46 (125.6] 1.40 (123.9]| 0.02 |[124.1| 0.18 |123.4(-0.40]123.4(-0.34| 123.8 |-0.01|123.8( -0.01
Crawford J3E 115 kv | 122.2 [121.6(-0.46 [121.7(-0.41 | 119.4 [-2.28 | 120.2 [-1.60 [124.0| 1.49 [123.9] 1.39 121.5(-0.58121.6(-0.50 | 122.2 [ 0.02 |122.2] 0.02
Crawford JAE 115 kv | 122.4 [121.9(-0.46 [121.9(-0.41 | 119.7 [-2.28 | 120.5 |-1.60 [124.3| 1.48 [124.2| 1.43 [120.9(-1.25 [121.3[-0.96 [121.7(-0.58 [121.8[-0.49 [ 122.5 | 0.02 |122.5| 0.02
Essex 115 kV 121.3 (120.8]-0.39|120.9|-0.34| 117.6 |-3.03 | 118.7 (-2.16|123.1| 1.51 (123.0| 1.42 (119.4|-1.53|119.7|-1.29|120.4(-0.76 |120.5(-0.65 | 121.4 | 0.06 |121.4| 0.06
Windsor Transalta 115 | 121.4 [120.9]-0.39120.9(-0.34| 117.7 (-3.04 | 118.7 (-2.17|123.2| 1.51 {123.1| 1.42 {119.5|-1.53|119.8|-1.28|120.4(-0.79120.5|-0.67 | 121.4 | 0.06 |121.4| 0.06
kv

Walker Z1E 115 kV 121.3 (120.8]-0.39120.8|-0.34| 117.5 |(-3.11| 118.6 |-2.22|123.1| 1.53 (123.0| 1.44 (119.4|-1.53|119.7|-1.28|120.2(-0.91120.3|-0.79| 121.3 | 0.06 |121.3| 0.06
Walker Z7E 115 kv | 121.2 [120.7[-0.39[120.8(-0.34 | 117.4 |-3.11 | 118.5 [-2.21|123.0( 1.53 [122.9( 1.45 [119.3(-1.53|119.6(-1.28 121.2 | 0.06 |121.2] 0.06
Ford Essex Z1E 115 kv | 121.3 |120.9]-0.37|121.0{-0.32| 116.9 |-3.63 | 118.2 |-2.60|123.3| 1.65 |123.2] 1.56 |119.6|-1.46|119.9|-1.22|120.5|-0.71|120.6|-0.61 | 121.4 | 0.08 [121.4| 0.08
Ford Essex Z7E 115 kv | 121.3 |120.9]-0.37|120.9/-0.32| 116.9 |-3.63 | 118.2 |-2.60(123.3| 1.66 |123.2] 1.56 |119.6|-1.46|119.8|-1.22 121.4 | 0.08 |121.4] 0.08
Lauzon 115 kV 121.4 (120.9]-0.36121.0|-0.31| 116.7 |-3.86| 118.0 (-2.77|123.5| 1.71 (123.3| 1.61 (119.7|-1.42|119.9|-1.19|120.6(-0.63 |120.8(-0.52 | 121.5 | 0.09 |121.5| 0.09
Bell River K22 115 kv | 120.8 [120.3|-0.37[120.4|-0.32| 116.0 |-3.96 | 117.4 |-2.80(122.9| 1.75 |122.8| 1.63 |119.0(-1.46 |119.3|-1.21|120.0(-0.64 |120.1|-0.54 | 120.9 | 0.09 [120.9( 0.09
Bell River K62 115 kv | 120.0 [119.5]-0.38119.6(-0.33| 115.2 | -4.03 | 116.6 |-2.85(122.1| 1.78 |122.0| 1.66 |118.2|-1.49|118.5|-1.23|119.2|-0.65119.3|-0.55| 120.1 [ 0.09 [120.1{ 0.10
Kingsville k22 115 kv | 117.3 [116.8{-0.40116.9|-0.34| 112.3 [-4.23 | 113.7 |-3.03|119.5| 1.87 |119.3| 1.75 |115.4|-1.56 |115.7|-1.30 [116.5( -0.68 [116.6 [ -0.57 [ 117.4 [ 0.10 |117.4] 0.10
Kingsville k62 115 kv | 117.4 [116.9]-0.40117.0{-0.34| 112.4 [-4.24 | 113.8 |-3.01|119.6| 1.87 |119.4| 1.75 |115.6|-1.56 |115.9-1.30 [116.6 | -0.69 [116.7(-0.57 [ 117.5 [ 0.10 |117.5] 0.10
Tilbury West 115 kv | 118.1 [117.6]-0.39(117.7|-0.34 | 113.2 [-4.16  114.6 |-2.99120.3| 1.84 |120.1| 1.73 [116.3(-1.53 116.6(-1.28 [117.3(-0.67 | 117.4|-0.56 | 118.2 | 0.10 [118.2( 0.10
Kent 115 kV 118.3 (117.8]-0.39|117.9|-0.34| 113.3 |(-4.16| 114.7 (-2.99|120.4| 1.84 (120.3| 1.73 (116.4|-1.53|116.7|-1.28|117.5(-0.67 |117.6(-0.56 | 118.4 | 0.10|118.4| 0.10
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Table 34: Voltage assessment results with all elents in-service for double contingencies — Scenaris3
* Z1E+Z7E - (Kingsville

Pre- C21J+C232 C22J+C242 C232+C24Z J3E +J4E capacitor switching with

Bus Name Cont. four caps. out)
Pre-ULTC | Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC | Post-ULTC | Pre-ULTC ( Post-ULTC | Pre-ULTC | Post-ULTC
kv kv % kv % kv % kv % kv % kv % kv % kv % kv % | kv %
Keith 230 kV 232.1|227.8|-1.85(228.9|-1.37| 228.4 |-1.56 | 229.4 |-1.15|230.5|-0.67 |230.6(-0.63 |232.5| 0.18 {232.6| 0.25 | 231.9 |-0.06]|231.9| -0.06
Malden C21) 230 kV | 232.3 228.1 (-1.81] 229.2 (-1.36|230.9(-0.62 ({231.0|-0.59 (232.7| 0.14 |232.8| 0.22 | 232.2 |-0.04(232.2| -0.04
Malden C22) 230 kV | 232.3 |227.4|-2.09 (228.6(-1.58 230.8(-0.631230.9(-0.60|232.6| 0.15 (232.8] 0.23 | 232.2 |-0.04|232.2| -0.04
Leamington C21J 230 kV| 236.1 230.8 [-2.22| 232.0 (-1.72|236.2| 0.06 [236.2| 0.07 (235.4]|-0.28|235.8(-0.13 | 236.3 [ 0.12 (236.3| 0.11
Leamington C22J 230 kV| 235.8 |230.4|-2.31|231.6|-1.77 235.8| 0.02 |235.9( 0.03 |235.2|-0.26 ({235.6|-0.11 | 236.1 | 0.12 |236.1| 0.12
Lauzon C23Z230kV | 230.6 213.5 [-7.41| 219.5 |-4.81 221.0(-4.13]222.9(-3.33| 229.3 |-0.56|229.1| -0.62
Lauzon C24Z 230 kV | 230.3 (213.3|-7.42|219.3(-4.81 220.7(-4.19]222.6(-3.38| 233.1 | 1.18|233.1 1.21
Chatham 230 kv 243.4 1243.3|-0.06 (244.6)| 0.46 | 242.2 |-0.49 | 243.5 | 0.03 |247.5| 1.69 |247.5( 1.68 |240.8|-1.07 [241.4|-0.84 | 244.0 | 0.22 |244.0] 0.22
Keith 115 kV 123.9 (120.9]-2.40122.0|-1.52| 120.7 |-2.63 | 121.9 |-1.63|122.3|-1.34(122.4|-1.21(125.5| 1.26 |125.5| 1.30 | 123.6 |-0.27(123.6| -0.26
Crawford J3E 115kV | 122.7 |118.7]-3.25(120.1|-2.07 | 118.5 | -3.43| 120.0 |-2.14|120.1(-2.10|120.3|-1.89 122.3 |-0.29|122.3| -0.28
Crawford JAE 115kV | 122.9 |118.9]-3.25(120.4|-2.07 | 118.7 |-3.43| 120.3 |-2.14|120.3(-2.10|120.5|-1.93 122.6 |-0.29|122.6| -0.28
Essex 115 kV 122.2 (117.2]-4.06|119.0|-2.60| 117.1 (-4.19| 119.0 |-2.64|118.8|-2.76(119.1|-2.52 (116.3|-4.80|117.4|-3.89| 121.8 (-0.32(121.8| -0.31

Wi”d”rTI:flnsalta 1511223 [117.3] 4.08|119.1| -2.61| 117.1 | -4.21| 119.0 | -2.65|118.9|-2.78119.2| -2.53 | 116.4 | -4.79 | 117.5 | -3.89

Walker Z1E 115 kV 122.2 (117.1|-4.15|118.9(-2.66 | 117.0 |-4.28 | 118.9 |-2.70(118.7|-2.83(119.0(-2.58|116.3(-4.80|117.4| -3.89
Walker Z7E 115 kV 122.1 (117.0(-4.15|118.9(-2.65| 116.9 (-4.28 | 118.8 |-2.70(118.7|-2.83(119.0|-2.58|116.3(-4.80|117.4| -3.89
Ford Essex Z1E 115 kV [ 122.6 ({116.8(-4.76|118.8|-3.06 | 116.6 |-4.87 [ 118.8 |-3.09|118.6|-3.25(119.0(-2.97|116.8|-4.73|117.9|-3.79
Ford Essex Z7E 115 kV [ 122.6 (116.7(-4.76|118.8|-3.06 | 116.6 |-4.87 [ 118.8 |-3.09|118.6|-3.25(118.9(-2.97|116.8|-4.73|117.9|-3.79

Lauzon 115 kV 122.8 (116.6(-5.03|118.8(-3.24| 116.5 (-5.13 | 118.8 | -3.26118.6|-3.43 (118.9|-3.13|117.0(-4.69|118.2(-3.75| 125.0 | 1.80|125.1| 1.86
Bell River K22 115kV | 122.1 (115.8|-5.20|118.1|-3.29| 115.7 |-5.30| 118.1 |-3.31(117.8(-3.54(118.2|-3.19|116.2|-4.84(117.5(-3.82( 123.9 | 1.42 (123.9( 1.46
Bell River K6Z 115 kV | 121.1 (114.4|-5.56|117.0|-3.39| 114.3 (-5.67 | 117.0 |-3.41|116.5|-3.78 (117.1|-3.33|114.9|-5.18 |116.3|-3.96 [ 117.8 |-2.78|117.6(-2.91
Kingsville K22 115 kV | 117.3 |109.7|-6.48 |112.9|-3.68 [ 109.5 |-6.60 | 112.9 (-3.71(112.1|-4.39|112.9|-3.70|110.2|-6.02 (112.2(-4.34| 112.9 |-3.68(113.2| -3.45
Kingsville K6Z 115 kV | 117.3 |109.6|-6.56 |112.9|-3.69  109.4 |-6.69 | 112.9 (-3.72(112.1|-4.44|112.9|-3.72|110.1|-6.10 (112.1-4.38| 109.9 |-6.25(109.6| -6.52
Tilbury West 115 kv | 118.8 |111.8|-5.88114.6|-3.56 [ 111.7 | -5.99 | 114.5 (-3.59(114.1(-3.99|114.6|-3.51|112.3|-5.47 (113.9(-4.16 | 118.1 |-0.59(118.3| -0.45

Kent 115 kV 119.0 ({112.0{-5.88|114.7(-3.56 | 111.8 [-5.99 | 114.7 | -3.58 (114.2|-3.99(114.8|-3.50|112.4(-5.47|114.0(-4.16| 118.2 |-0.59|118.4( -0.45

* Control Actions shown in brackets
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Table 34: Volta

e assessment results with all elents in-service for double contingencies — Scenarf83 (continued)

Chatham 230 DL23 BF: | Chatham 230 DL21 BF: Lauzon T2K BF: Lauzon T1L7 BF:
Pre- €237 + Chatham D Bus C21J + Chatham D Bus C24Z + Lauzon cap Z7E+C23Z
Bus Name Cont. [T e-ULTC | PoSt-ULTC | Pre-ULTC | Post-ULTC | 2Pre-ULTC | Post-ULTC | »pre-ULTC | Post-ULTC
kv | kv | % | kv | % | kv | % | kv | % | kv | % [ kv | % | kv | % | kv | %
Keith 230 kv 232.1 [227.7|-1.89|228.5|-1.52 | 228.3 |-1.63 | 228.5 |-1.52{229.6|-1.06 [229.7|-1.02|229.7| -1.02 [230.4| -0.73
Malden C21J 230 kv | 232.3 |227.7|-1.99 [228.6|-1.62 229.9|-1.06 [229.9(-1.03 |230.0|-1.02 | 230.6 | -0.73
Malden C22230kV | 232.3 |227.6|-1.99 228.5|-1.62| 227.7 | -1.95 | 228.1 |-1.81|229.8|-1.06 [229.9|-1.03 |229.9-1.03 [230.5| -0.74
Leamington C21J 230 kv| 236.1 [229.7[ -2.71 [230.6{ -2.30 233.8|-0.97 [233.7(-0.99 [233.8|-0.97 | 234.5| -0.64
Leamington C22J 230 kv| 235.8 [229.4(-2.73230.3|-2.32 | 228.6 |-3.06 | 228.9 |-2.93[233.5(-0.99|233.4|-1.01 [233.5|-0.98 |234.3 | -0.66
Lauzon C232 230 kV | 230.6 224.7 |-2.55 | 225.2 |-2.32|218.0 -5.45 [217.4| -5.68
Lauzon C247 230 kv | 230.3 [211.5|-8.20(216.8|-5.89 | 224.4 |-2.58 | 224.9 |-2.35 214.4|-6.94 (219.1-4.87
Chatham 230kV | 243.4 [235.5(-3.25|236.6|-2.81| 237.3 |-2.52| 237.5 |-2.42|242.0(-0.59 | 241.8| -0.66 [241.9|-0.62 | 242.8| -0.26
Keith 115 kv 123.9 [120.9(-2.46 |121.7]-1.78 | 122.3 |-1.28| 122.5 |-1.15[121.2|-2.18 |121.4| -2.07 [121.3] -2.07 | 122.0| -1.51
Crawford J3E 115 kv | 122.7 [118.5(-3.36|119.7|-2.45 | 120.9 |-1.48 | 121.0 |-1.32|118.8|-3.16 [119.0|-3.00|118.9] -3.03 [119.9( -2.27
Crawford JAE 115 kv | 122.9 [118.8(-3.36|119.9|-2.49 | 121.1 |-1.47 | 121.3 |-1.32|119.0-3.16 [119.2|-3.05 |119.2| -3.02 [120.1| -2.26
Essex 115 kV 122.2 [117.0{-4.21|118.4|-3.13 | 120.2 |-1.66 | 120.4 |-1.48[117.2|-4.10|117.4| -3.96 [117.4|-3.93 |118.5 | -2.99
Wi”dSOrT;f/nsa'ta 1511223 |117.1]-4.23|118.4[-3.15| 120.2 |-1.67 | 1204 |-1.48|117.2| -4.12|117.4| -3.98|117.4 | -3.99 |118.6| -3.03
Walker ZIE 115 kv | 122.2 |116.9]-4.31 [118.3[-3.21| 120.1 |-1.70 | 120.4 |-1.51|117.1|-4.21 [117.2|-4.06 |117.1| -4.21 [118.3[-3.22
Walker Z7E 115kv | 122.1 |116.8|-4.31 [118.2(-3.20| 120.0 |-1.70 | 120.3 |-1.50|117.0{-4.21 |117.2|-4.06
Ford Essex Z1E 115kV | 122.6 [116.5(-4.93|118.1|-3.69 [ 120.3 |-1.89 | 120.5 |-1.68|116.6|-4.89 [116.8|-4.74 |116.7| -4.78 [118.2| -3.57
Ford Essex Z7E 115kV | 122.6 [116.5|-4.93|118.0(-3.69 | 120.3 |-1.89 | 120.5 |-1.68|116.6|-4.80 [116.8|-4.74
Lauzon 115 kV 122.8 |116.4|-5.21(118.0|-3.91 | 120.4 [-1.97| 120.6 |-1.75[116.4|-5.19 |116.6 | -5.04 [116.6|-5.03 |118.2| -3.73
Bell River k2z 115 kv | 122.1 |115.6(-5.33 [117.3]-3.97 | 119.6 |-2.04| 119.9 |-1.79 [115.6|-5.36 |115.9]-5.13 |115.8| -5.15 [117.5| -3.79
Bell River k62 115 kv | 121.1 |114.6|-5.36 [116.2|-4.08 | 1185 |-2.17| 118.9 |-1.87 [114.2|-5.73 {114.7| -5.32 |114.8| -5.18 | 116.4| -3.88
Kingsville K2z 115 kv | 117.3 [110.9]-5.45 |112.1[-4.39 | 114.3 |-2.52 | 114.8 |-2.08|109.4|-6.68 |110.4|-5.86 |111.1-5.26 [112.4| -4.16
Kingsville K62 115 kv | 117.3 [110.9]-5.46 |112.1[-4.41 | 114.3 |-2.55 | 114.8 |-2.09|109.3|-6.76 [110.4|-5.90 |111.1-5.28 [112.4| -4.18
Tilbury West 115KV | 118.8 |112.3|-5.50 [113.7|-4.28 | 116.1 [-2.29| 116.5 |-1.97 [111.6]-6.06 |112.1|-5.61 |112.5|-5.32 | 114.0| -4.07
Kent 115 kv 119.0 [112.4(-5.50113.9]-4.27 | 116.2 [-2.29| 116.6 |-1.96 [111.7|-6.06 |112.3| -5.60 [ 112.6|-5.31 | 114.1 | -4.06

1) Kingsville load was converted for this contingefng-ULTC
2) Lauzon load was converted for this contingency Bir&C
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Table 35: Volta

e assessment results with all elemts in-service for double contingencies — Scenari®4

Pre- C21J+C23Z C22)+C24Z C237+C242 J3E +J4E Z1E+Z7E
Bus Name Cont. | pre-uLTC | Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC | Post-ULTC | * Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC
kv. [ kv | % | kv | % | kv | % | kv | % [ kv | % | kv | % | kv | % [ kv | % | kv | % | kv | %
Keith 230 kV 231.3 (227.1|-1.82|228.1|-1.37| 227.6 |-1.57 | 228.5 | -1.18 (230.3(-0.42 (230.3|-0.40|232.2| 0.39 [232.5| 0.51 [232.1] 0.37 |232.1| 0.35
Malden C21J 230 kv | 231.4 227.1 |-1.89 | 228.1 |-1.45|230.6|-0.36 [230.6(-0.35 [232.2| 0.33 |232.5| 0.46 (232.4| 0.41 |232.3]| 0.38
Malden C22J 230 kv | 231.4 |226.4|-2.13|227.6(-1.64 230.5(-0.37|230.5|-0.36 |232.1| 0.33 (232.4| 0.47 |232.3| 0.41 |232.2] 0.38
Leamington C21J 230 kv/| 233.5 225.6 |-3.39 227.0 |-2.78234.3| 0.34 [234.3| 0.34 (232.9]-0.26 |233.5|-0.01 |235.1 0.67 (234.9] 0.62
Leamington C22J 230 kv/| 233.2 [224.9(-3.53 (226.5-2.87 233.9] 0.31 {233.9] 0.31 |232.6(-0.24 [233.2( 0.00 |234.8| 0.67 |234.6| 0.62
Lauzon C23Z 230 kv | 228.7 213.6 |-6.61 218.5 |-4.46 217.0(-5.12|219.8|-3.87|235.2| 2.83 (234.5( 2.56
Lauzon C24Z 230 kv | 228.5 [212.6(-6.95|217.7|-4.72 216.7(-5.16|219.6|-3.91|234.2| 2.49 (233.6( 2.21
Chatham 230 kV 242.3 (242.3|-0.02|243.4| 0.46 | 241.4 [-0.37| 242.6 | 0.09 (246.9( 1.87 (246.8| 1.86 |239.4|-1.19 (240.3(-0.84 [244.6| 0.95 |244.4| 0.87
Keith 115 kV 123.9 [121.2(-2.16(121.9]-1.54| 121.2 |-2.14 | 122.0 |-1.51|122.4|-1.15(122.5(-1.08 |126.5| 2.11 |126.5| 2.17 [124.6| 0.57 |124.5] 0.56
Crawford J3E 115 kv | 122.2 |118.6]-2.94|119.6(-2.09 | 118.7 |-2.87| 119.7 |-2.03(119.9|-1.88|120.0|-1.78 123.2( 0.84 (123.2| 0.84
Crawford J4E 115 kv | 122.4 |118.9]-2.93|119.9(-2.09 | 118.9 |-2.86| 120.0 |-2.02(120.1|-1.88120.3|-1.78 123.5( 0.84 (123.5( 0.84
Essex 115 kV 121.3 |116.8(-3.69(118.1|-2.63 | 117.0 |-3.57 [ 118.2 |-2.53|118.2|-2.56 [118.3(-2.44|113.0|-6.86 | 114.8|-5.36 [122.6 1.10 [122.6] 1.11
Windsor Transalta 115 | 121.4 {116.8]-3.71|118.1|-2.65| 117.0 |-3.59| 118.3 |-2.54 (118.2|-2.57 [118.4|-2.45|113.0|-6.85 [114.9( -5.35
kv
Walker Z1E 115 kv | 121.3 [116.7(-3.78|118.0|-2.69 | 116.8 |-3.65| 118.1 |-2.59 |118.1-2.62|118.2|-2.50|113.0|-6.83 [114.8(-5.33
Walker Z7E 115 kv | 121.2 [116.6(-3.78117.9|-2.69 | 116.7 |-3.65| 118.0 |-2.59 |118.0(-2.62 (118.1|-2.50|112.9|-6.84 [114.7-5.33
Ford Essex Z1E 115 kv | 121.3 [116.1|-4.34 (117.6|-3.10| 116.3 |-4.18 | 117.7 |-2.97|117.6|-3.06 [117.8(-2.92113.5|-6.50 | 115.2| -5.05
Ford Essex Z7E 115 kv | 121.3 |116.1|-4.34 (117.6|-3.10| 116.2 |-4.18 | 117.7 |-2.97|117.6|-3.06 [117.8(-2.92 113.4|-6.50 | 115.2| -5.05
Lauzon 115 kV 121.4 |115.8(-4.59 (117.4|-3.29| 116.0 |-4.42 | 117.6 |-3.14|117.4|-3.25(117.6(-3.11|113.7|-6.35|115.4| -4.92 [124.7| 2.71 |124.3] 2.40
Bell River K2z 115 kv | 120.8 [115.1(-4.71(116.8|-3.33 | 115.3 |-4.53 | 116.9 |-3.18|116.8(-3.33 [117.0(-3.15(112.9|-6.50 | 114.8| -4.98 [124.2 | 2.84 (123.8] 2.52
Bell River K6Z 115 kv | 120.0 [114.2(-4.80(115.9|-3.39| 114.5 |-4.61 | 116.1 |-3.24|115.9(-3.39 [116.2(-3.21|112.2|-6.51|113.9| -5.07 [124.0( 3.34 (123.6] 3.02
Kingsville K2z 115 kv | 117.3 [111.4(-5.04 {113.0(-3.59 | 111.6 |-4.84| 113.2 [-3.43(113.1(-3.56 [113.3(-3.40 109.6 | -6.54 | 110.9| -5.39 | 120.9| 3.09 |120.5| 2.76
Kingsville K6z 115 kv | 117.4 [111.5(-5.06 [113.2(-3.58 | 111.7 | -4.86 | 113.4 |-3.42(113.2(-3.57 (113.4|-3.38|109.7| -6.56 |111.1| -5.36 | 121.4| 3.41 |121.0| 3.07
Tilbury West 115 kv | 118.1|112.2|-4.96|113.9|-3.54| 112.5 |-4.77 | 114.1 |-3.38|114.0|-3.51|114.1|-3.35(110.2|-6.67 [ 111.8(-5.31 [121.6| 2.97 |121.2 2.64
Kent 115 kV 118.3 [112.4(-4.96 (114.1|-3.54| 112.6 |-4.77 | 114.3 |-3.38|114.1|-3.50 (114.3(-3.35|110.4|-6.66 | 112.0| -5.30 [121.8| 2.97 |121.4] 2.64
* Kingsville load was converted for this contingefng-ULTC
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Table 35: Volta

e assessment results with all elents in-service for double contingencies — Scenarf®4 (continued)

Pre-

Chatham 230 DL23 BF:

Chatham 230 DL21 BF:

Lauzon T1L7 BF:

C23Z + Chatham D Bus C21J + Chatham D Bus Z7E+C23Z
BusiName Cont. I pre-ULTC | Post-ULTC | Pre-ULTC Post-ULTC | Pre-ULTC | Post-ULTC
kv [ kv | % | kv | % | kv | % | kv | % | kv | % | kv | %
Keith 230 kv 231.3 (227.0(-1.87|228.0|-1.44| 227.1 |-1.81 227.6 |-1.59 [228.9(-1.01 |229.8|-0.64
Malden C21) 230 kv | 231.4 |226.9(-1.97|227.9|-1.53 229.1(-1.02 [230.0(-0.63
Malden €22) 230 kv | 231.4 |226.8|-1.97|227.8|-1.53| 226.3 |-2.20 | 226.8 | -1.95|229.0|-1.03 |229.9| -0.64
Leamington C21J 230 kV| 233.5 |227.1|-2.74|228.3| -2.23 231.2(-1.00 [232.2(-0.54
Leamington C22J 230 kV| 233.2 |226.8|-2.75|228.0| -2.24 | 222.6 |-4.56 | 223.5 |-4.17 [230.8|-1.01|231.9]-0.55
Lauzon C23Z 230 kV | 228.7 222.8 |-2.60| 223.4 [-2.32
Lauzon C24Z 230 kV | 228.5 [209.3[-8.39 [215.4|-5.73 | 222.5 | -2.63| 223.1 |-2.35|211.4(-7.51[217.5(-4.80
Chatham 230 kv 242.3 |234.5|-3.24|235.8| -2.71| 235.9 |-2.66 | 236.3 |-2.49 (240.7|-0.67 |241.9|-0.16
Keith 115 kV 123.9 |120.9]-2.42|121.7|-1.71| 122.2 |-1.35 [ 122.4 | -1.20|121.2| -2.10 |122.1]-1.41
Crawford J3E 115kV | 122.2 {118.0{-3.40(119.3|-2.40( 120.3 |-1.54 | 120.5 |-1.36|118.4|-3.12{119.6|-2.13
Crawford J4E 115kV | 122.4 {118.3|-3.39(119.5(-2.40 | 120.6 |-1.54 | 120.8 |-1.36|118.6|-3.12{119.8|-2.13
Essex 115 kV 121.3 |116.0|-4.33|117.6|-3.07 | 119.2 |-1.71| 119.5 | -1.51|116.3| -4.11|117.8| -2.84
Wi”dSOrT;f/nsa'ta 1511214 |116.1]-436|117.6]-3.09| 119.3 |-1.72| 1195 |-1.52|116.3| -4.18|117.8| -2.90
Walker ZIE 115 kV | 121.3 [115.9(-4.44 [117.4(-3.15 | 119.1 |-1.74| 119.4 |-1.54|115.9|-4.43 [117.5[-3.11
Walker Z7E 115 kV | 121.2 {115.8|-4.44 [117.4[-3.15 | 119.1 |-1.74| 119.3 |-1.54
Ford Essex Z1E 115kV | 121.3 |115.1]-5.11|116.9|-3.64 | 119.0 [-1.92 | 119.3 |-1.69|114.9|-5.33|116.9|-3.68
Ford Essex Z7E 115kV | 121.3 |115.1|-5.12|116.9|-3.64 | 119.0 [-1.92 | 119.3 |-1.69
Lauzon 115 kv 121.4 |114.8|-5.42 |116.7|-3.86 | 119.0 [-1.99 [ 119.3 |-1.76 |114.4|-5.73 | 116.6| -3.94
Bell River K22 115kV | 120.8 |114.1|-5.56 |116.1|-3.91| 118.3 |-2.04 | 118.6 |-1.79|113.7|-5.88|116.0|-3.98
Bell River K62 115 kV | 120.0 [113.2|-5.66 |115.2|-3.98 | 117.5 |-2.08 | 117.8 |-1.82[112.8|-5.99|115.1|-4.06
Kingsville K22 115 kv | 117.3 |110.3|-5.95|112.3|-4.23 | 114.7 |-2.18 | 115.0 | -1.93|109.9|-6.29 |112.2|-4.31
Kingsville K62 115 kV | 117.4 |110.4|-5.97 |112.5|-4.20| 114.8 |-2.19 | 115.1 |-1.92|110.0| -6.31|112.4|-4.28
Tilbury West 115 kv | 118.1 [111.2|-5.85|113.2|-4.17| 115.6 |-2.15| 115.9 |-1.90 [110.8|-6.19 |113.1|-4.25
Kent 115 kV 118.3 |111.3|-5.85|113.3|-4.16 | 115.7 [-2.15 | 116.0 |-1.90|110.9|-6.19 |113.2| -4.24
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Table 36: Voltage assessment results under outagenditions — Scenario S3

c21)

KEITH A CHATHAM|  CHATHAM D BUS + C21J Chatham end open +
Bus O/5 KEITH A Bus + 232 J13E0/S J3E + €232 D Bus /S CHATHAM K BUS Chatham o 11 18O
end open
Bus Name _ _ _ _
Pre Pre-ULTC PostULTC | "™ | *pre-uttc | Post-uLTc Pre Pre-ULTC | Post-uLTC | ''® Post-ULTC | Pre-ULTC
Cont. Cont. Cont. Cont.
kv v | % | kv | % kv v | % | kv | % KV % | kv | % | kv % kv | % | kv | %
Keith 230 kV 232.1 | 2303 | -0.78 | 231.0 | -0.46 | 232.0 | 230.5 | -0.63| 230.5 |-0.63| 229.7 |228.9|036|229.2[-022| 2313 |231.1|-0.09|231.1]-0.09

Malden C21) 230 kv | 237.2 | 2349 -0.95 [ 236.1 | -0.47 | 232.2 [ 230.8 [-0.63] 230.7 [-0.64| 229.8 [228.9(-0.36[229.3[-0.22] 231.2 [230.8{-0.21(230.7]-0.21
Malden C22) 230 kv | 2324 | 2305 [ -0.81 [231.3 [ -0.48 | 232.2 | 230.7 [-0.63] 230.7 |-0.64] 229.7 [228.9[-0.36[229.2[-0.22] 2314 [231.1]-0.13[231.1]-0.13
Leamington C21J 230 kv | 239.3 [237.2]-0.84 [ 238.4 [ -037 [ 235.8 | 2346 [-0.51] 234.4 [-0.59| 231.8 [230.8[-0.42[231.1[-030] 2320 [2315[-0.20[2315[-0.20
Leamington C22) 230 kv | 236.5 [234.4[-0.88 [ 235.4 [ -0.47 [ 2355 [ 2343 [-0.52{ 2341 [-0.61| 231.5 [2305[-0.42[2308[-030] 2343 [2336]-031[2336[-031

Lauzon C237230kv | 2308 228.7 2259 |[216.7]-4.09]218.6|-3.24| 2305 |[230.4[-0.04]230.4]-0.04
lauzon C247 230kv | 230.6 | 2142 | -7.10 [ 219.8 | -4.67 | 2285 | 217.1 [-4.99] 215.5 [-5.68| 225.7 |216.4[-4.12[ 2183 [-3.26] 230.2 [230.1-0.04[230.1[-0.04
Chatham 230 kv 2444 | 2430 -0.58 | 2442 | -0.11 | 242.9 | 242.6 [-0.11] 242.2 |-0.28] 237.0 2449 |244.7(-0.07(244.7]-0.07
Keith 115 kV 123.8 | 1211 [ -2.15 [ 122.2 | -1.29 | 1239 [ 1223 [-1.34 122.4 [-1.22] 1229 [121.3]1.27[121.8[-001| 1237 [123.6[-0.04]123.6]-0.04
Crawford 3E 115 kv | 1226 | 1189 -3.03 [ 1203 | -1.90 1214 |[119.2]-1.80]119.8[-1.31] 1225 [122.5[-0.04]122.5]-0.04
Crawford JAE 115 kv | 1229 [119.2] -3.02 [ 1206 | -1.90 | 121.8 | 1185 [-2.69] 118.8 [-2.46| 121.6 [119.5(-1.80[ 120.1[-1.31| 122.8 [122.7[-0.04[122.7[-0.04
Essex 115 kV 1222 | 1175 [ -3.86 [ 119.2 [ -2.48 | 121.0 | 116.5 [-3.69] 116.6 [-3.58| 1207 [117.9]-2.33[118.6[-1.71| 122.1 [122.1[-0.04]122.1]-0.04
Windsor Transalta 115 | 122.3 | 117.5 | -3.88 | 119.2 | -2.49 | 121.0 | 116.6 [-3.70| 116.7 |-3.60[ 1207 [117.9[-2.35]118.7[-1.72] 1222 [122.1[-0.04]122.1]-0.04
kv
Walker Z1E 115 kv 122.2 | 1174 | -3.96 [ 119.1 | -2.54 | 121.0 | 116.4 [-3.75 116.6 [-3.65| 1207 |117.8]-2.39[118.5[-1.76| 122.1 [122.1[-0.04]122.1]-0.04
Walker Z7E 115 kv 122.1 | 1173 | -3.96 [ 119.0 [ -2.54 | 1209 | 116.4 [-3.75 1165 [-3.65| 1206 |117.7]-2.39[118.5[-1.75| 122.0 [122.0[-0.04]122.0{-0.04

Ford Essex Z1E 115 kv | 122.6 | 117.0 | -4.56 | 119.0 [ -2.96 | 121.4 | 116.4 [-4.14| 116.4 [-4.09] 1208 [117.5[-2.79[118.3[-2.07] 1225 [122.5[-0.04]122.5]-0.04

Ford Essex Z7E 115 kv | 122.6 | 117.0 | -4.57 [ 119.0 | -2.96 | 121.4 | 116.4 [-4.14| 116.4 [-4.09] 1208 [117.4[-2.79[118.3[-2.07] 1225 [122.5[-0.04]122.5]-0.04

Lauzon 115 kV 122.8 [ 116.9 | -4.83 [ 119.0 [ -3.14 | 1216 | 116.4 [-431] 116.4 [-4.28 1209 [117.3]-2.97]118.3[-2.20] 1227 [122.7[-0.04]122.7]-0.04

BellRiver K2z 115 kv | 1222 [ 116.1 [ -4.99 [ 1183 | -3.20 | 1209 [ 1155 [-4.47[ 115.7 [-434] 1202 [1165]-3.07|117.5[-2.24] 1221 [122.0(-0.04]122.0[-0.04

BellRiverk6z 115 kv | 121.2 [ 1147 [ 534 [ 117.2 | -3.29 | 1200 | 114.1 [-4.86] 114.6 [-449] 1192 [1152]-3.33[116.4[-2.31] 1211 [121.0]-0.05][121.0{-0.05

Kingsville k22 115kv | 1173 [1100 | -6.22 [ 1132 | -3.56 | 115.6 | 109.4 [-5.43[ 110.0 [-490| 1152 [1106[-3.99(112.3[-2.53| 117.2 [117.1[-0.05(117.1]-0.05

Kingsville K6z 115kv | 117.4 [1100 | -6.29 [113.1 | -3.58 | 116.2 [ 109.3 [-5.94( 1104 [-494| 1152 [1105[-4.04{112.2|-2.54| 117.2 [117.2-0.05(117.2[-0.05

Tilbury West 115 kv 118.9 [112.2 | -5.65 | 114.8 [ -3.45 | 117.4 | 1115 [-4.99] 111.8 [-473] 1168 [112.7]-3.54] 114.0[-2.44] 1188 [118.7]-0.05]118.7[-0.05

Kent 115 kV 119.0 [ 1123 | -5.64 [ 1149 | -3.45 | 1175 | 111.7 [-4.99] 112.0 [-473] 1170 [112.8]-3.54]114.1[-2.44] 1189 [118.8]-0.05]118.8[-0.05

* Lauzon load was converted for this contingency Béd-C
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Table 37: Voltage assessment results under outagenditions — Scenario S4

c21)

KEITH A CHATHAM|  CHATHAM D BUS + C21J Chatham end open +
Bus O/5 KEITH A Bus + 232 J13E0/S J3E + €232 D Bus /S CHATHAM K BUS Chatham o 11 18O
end open
Bus Name _ _ _ _
Pre Pre-ULTC PostULTC | "™ | *pre-uttc | Post-uLTc Pre Pre-ULTC | Post-uLTC | ''® Post-ULTC | Pre-ULTC
Cont. Cont. Cont. Cont.
kv v | % | kv | % kv v | % | kv | % KV % | kv | % | kv % kv | % | kv | %
Keith 230 kV 2314 | 230.1 | -0.58 | 230.6 | -0.35 | 231.3 | 230.2 | -0.48| 230.2 |-0.45| 229.0 |228.3|031|2285[-022| 2302 |229.6]-0.26|229.8[-0.16

Malden C21) 230 kv | 2343 | 2327 [ -0.69 [ 2336 [ -0.30 | 231.4 [ 2303 [-0.47] 230.4 |-0.44] 2289 [228.2[-0.33[228.4-0.23] 2300 [221.3{-3.76(223.0(-3.02
Malden C22) 230 kv | 231.6 |230.2 | -0.60 [ 230.7 [ -0.36 | 231.3 [ 230.2 [-0.48] 2303 [-0.45| 2288 [228.1[-0.32[228.3[-0.22] 230.2 [229.2-0.41(229.5]-0.30
Leamington C21J 230 kv | 235.5 [234.1]-060 [ 2350 [ -0.21 | 233.2 | 2325 [-0.33[ 232.4 [-0.35| 229.2 [228.1(-0.49]2283-038] 2287 [220.9]-3.39[222.6[-2.66
Leamington C22) 230 kv | 233.8 [2323]-064 [ 233.0[-031 [ 232.9 [ 232.1-0.34]232.1[-037| 2289 [227.8[-0.48[228.1[-038] 2312 [2286]-1.11[229.0[-0.96

Lauzon C237 230KV | 229.0 226.5 2243 |[216.1]-3.66[217.5|-3.02| 2286 |[228.2(-0.18]228.3]-0.14
lauzon C247 230 kv | 2288 |214.4| 632 | 219.1 | -4.27 | 2263 | 216.2 [-4.46] 2155 [-4.79| 2241 [215.8[-3.68]217.3|-3.03| 2284 [228.0(-0.18[228.1[-0.13
Chatham 230 kV 2431 | 2423 -035 [ 2432 0.04 | 2417 [ 241.9 [ 0.09 | 241.7 [-001] 236.0 2440 |243.4(-0.23{243.5{-0.20
Keith 115 kV 123.8 | 121.7 [ -1.75 [ 122.4 | -1.19 | 1241 | 122.7 [-1.14| 122.8 [-0.99| 1228 [121.5[1.07|121.8[-085] 1235 [123.4]-0.13]123.4-0.08
Crawford 3E 115 kv | 1222 [119.1] -2.54 [ 1200 -1.77 1210 [119.1[-1.52[1195[-1.21] 1220 [121.8]-0.14]121.8]-0.09
Crawford JAE 115 kv | 1225 |119.4 | -2.54 [ 1203 | -1.77 | 121.3 | 118.4 [-2.35] 118.8 [-2.08] 1212 [119.4[-1.52{119.8[-1.21] 1222 [122.1{-0.14{122.1{-0.09
Essex 115 kV 121.4 |117.4 | -331 [ 1185 | -2.34 | 119.7 | 1158 [-3.27 116.0 [-3.12] 1199 [117.5[-1.97[118.0(-1.57| 1212 [121.0]-0.14]121.0[-0.10
Windsor Transalta 115 | 121.4 | 117.4 | -3.33 | 118.6 | -2.36 | 119.8 | 115.9 [-3.28| 116.0 [-3.13 119.9 [117.5[-1.99]118.0[-1.58] 1212 [121.0]-0.14]121.1[-0.10
kv
Walker Z1E 115 KV 1213 |117.2 | -339 [ 1184 | -2.41 | 119.7 | 115.7 [-3.33| 1159 [-3.18] 1198 [117.4]-2.03[117.9[-1.61] 1211 [121.0]-0.15]121.0[-0.10
Walker Z7E 115 kV 121.2 | 1171 [ -339 [ 1183 | -2.40 | 1196 | 1156 [-3.33| 115.8 [-3.18 1197 [117.3[-2.03]117.8[-1.61] 121.0 [120.9]-0.15]120.9]-0.10

Ford Essex Z1E 115 kv | 1214 |[116.7 [ -3.94 [ 118.0 [ -2.81 | 119.9 | 115.4 [-3.69] 115.6 [-3.59] 1197 [116.8[-2.37[117.4[-1.89] 1213 [121.1]-0.15[121.1]-0.11
Ford EssexZ7E 115 kv | 1214 | 116.6 [ -3.94 [ 118.0 [ -2.81 | 119.8 | 115.4 [-3.69] 115.5 [-3.59] 1197 [116.8[-2.37[117.4[-1.89] 1212 [121.0]-0.15[121.1]-0.11

Lauzon 115 KV 1215 | 1164 | -4.18 [ 117.9 | -2.99 | 1199 [ 1153 [-3.85] 115.4 [-3.77 1196 [116.6[-2.52[117.2]-2.02] 1213 [121.1[-0.16][121.2]-0.12
Bell River K2z 115 kv | 120.9 [ 1157 | -4.29 [ 117.2 | -3.02 | 1193 | 1146 [-3.97| 1148 [-3.81] 119.0 [1159(-2.60]116.6 -2.04] 1207 [1205][-0.16]120.6]-0.12
Bell River K6z 115 kv | 120.1 [ 1149 -437 [ 116.4 | -3.08 | 1185 | 113.7 [-4.04| 113.9 [-3.88] 1182 [115.1(-2.65]115.8[-2.08] 119.9 [119.7]-0.17[119.8]-0.12
Kingsville k22 115kv | 117.4 [1120| -4.59 [ 1135 | -3.27 | 1157 | 110.8 [-4.24{ 111.0 [-413| 1154 [1122[-277[112.9]-2.21| 1172 [117.0(-0.17[117.0{-0.13
Kingsville k62 115 kv | 1175 [112.1| -4.60 [ 1137 | -3.25 | 1159 | 1109 [-4.26{ 111.1 [-411| 1155 [1123[-279[113.0[-2.20| 1173 [117.1(-0.17[117.2[-0.13
Tilbury West 115 kv | 118.2 [ 1129 | -452 [ 1144 | -322 | 1166 | 1117 [-417] 1118 [-407| 1163 [113.1[272[1137[-218| 1180 [117.8[-0.17[117.9[-0.12

Kent 115 kv 1184 |[113.0 | -451 | 1146 | -3.22 | 1167 | 1119 [-4.16] 112.0 [-4.07 1164 [1133[2.72[1139]-2.18 1182 [118.0([-0.17][118.0[-0.12

* Lauzon load was converted for this contingency Béd-C
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PIA - New 75/125MVA 215.5/27.6/27.6kV Transformers Station Revision: RO

Disclaimer

This Protection Impact Assessment has been prepared solely for the IESO for the purpose of assisting
the I[ESO in preparing the System Impact Assessment for the proposed connection of the proposed
generation facility to the [IESO—controlled grid. This report has not been prepared for any other
purpose and should not be used or relied upon by any person, including the connection applicant,
for any other purpose.

This Protection Impact Assessment was prepared based on information provided to the [ESO and
Hydro One by the connection applicant in the application to request a connection assessment at the
time the assessment was carried out. It is intended to highlight significant impacts, if any, to affected
transmission protections early in the project development process. The results of this Protection Impact
Assessment are also subject to change to accommodate the requirements of the IESO and other
regulatory or legal requirements. In addition, further issues or concerns may be identified by Hydro
One during the detailed design phase that may require changes to equipment characteristics and/or
configuration to ensure compliance with the Transmission System Code legal requirements, and any
applicable reliability standards, or to accommodate any changes to the IESO-controlled grid that
may have occurred in the meantime.

Hydro One shall not be liable to any third party, including the connection applicant, which uses the

results of the Protection Impact Assessment under any circumstances, whether any of the said liability,
loss or damages arises in contract, fort or otherwise.

Revision History

Revision Date Change
RO November 19, 2013 | Released
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EXECUTIVE SUMMARY
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Figure #1 - Leamington TS on HONI Circuits C21J and €22J
(This figure is to be used for illustrative purpose only.)

The installation of the proposed DESN station connection is feasible as long as the proposed

changes/additions are made.

PROTECTION HARDWARE

Existing protection “A” POTT and “B” POTT schemes of terminal stations have to be modified
to receive the transfer trip signal from Leamington TS. Hardware addition may be required.

PROTECTION SETTING

Zone settings changes at both terminal stations are not required.
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PIA - New 75/125MVA 215.5/27.6/27.6kV Transformers Station Revision: RO

TELECOMMUNICATIONS

New dual communication links between Leamington TS and one of the terminal stations are
required to send transfer trip signals. The cascading to the other terminal and other tapped facilities
will be required.

Modifications in existing schemes at the selected terminal station are required to receive and
cascade the transfer trip signals.

LEAMINGTON TS SITE

Standard transformer protections are required that are compliant with the requirements of
Transmission System Code.

New communication links between Leamington TS and both terminal stations are required.
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DISCLAIMER

This Customer Impact Assessment was prepared based on preliminary information available
about the proposed Supply to Essex County Transmission Reinforcement Project, consisting of
construction of a 230/27.6-27.6 kV, 75/125 MVA transformer station in the Town of Leamington
and construction of a connecting 13 km, double-circuit, 230 kV overhead transmission line
between the new station and the existing 230 kV transmission lines. This report is intended to
highlight significant impacts, if any, to affected transmission customers early in the project
development process and thus allow an opportunity for these parties to bring forward any
concerns that they may have, including those needed for the review of the connection and for any
possible application for Leave to Construct. Subsequent changes to the required modifications or
the implementation plan may affect the impacts of the proposed connection identified in this
Customer Impact Assessment. The results of this Customer Impact Assessment and the estimate
of the outage requirements are subject to change to accommodate the requirements of the IESO
and other regulatory or municipal authority requirements. The fault levels computed as part of
this Customer Impact Assessment are meant to assess current conditions in the study horizon and
are not intended to be for the purposes of sizing equipment or making other project design
decisions. Many other factors beyond the existing fault levels go into project design decisions.

Hydro One Networks Inc. shall not be liable, whether in contract, tort or any other theory of
liability, to any person who uses the results of the Customer Impact Assessment under any
circumstances whatsoever for any damages arising out of such use unless such liability is created
under some other contractual obligation between Hydro One Networks Inc. and such person.
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EXECUTIVE SUMMARY

Hydro One is planning the reinforcement of the supply to Essex County to address the supply
capacity needs in the Windsor — Essex region, minimize the impact of outages, and ensure
compliance with IESO’s Ontario Resource and Transmission Assessment Criteria. These needs
were identified in a planning study carried out by the Ontario Power Authority with input from
Hydro One, the IESO and the Local Distribution Companies in the region. This Customer Impact
Assessment (CIA) is concerned with the potential impact of this plan on the area customers.

The plan consists of:

e Construction of a 230/27.6-27.6 kV, 75/100/125 MV A DESN station in the Town of
Leamington

e Construction of a connecting 13 km, double-circuit, 230 kV overhead transmission line from
the Leamington station to the existing Chatham-Keith circuits C21J and C22J.

o Installation of Optic Ground Wire (OPGW) on the towers of the new line and existing
C21J/C23Z towers (near Leamington Junction).

An assessment of voltage performance and loading capability of the transmission facilities in the
area has been carried out and documented in an IESO System Impact Assessment (SIA) Draft
Report of the proposed transmission reinforcement, “Leamington TS - Supply to Essex County
Transmission Reinforcement Project”, CAA ID 2013-507, June 9, 2014. The report concludes
that with the allowed operation measures (use of Windsor SPS) voltage performance of all
connection points remains within the Market Rules requirements and the thermal loading of the
facilities remains within their ratings. The thermal overloads that require the use of operating
measures are less significant with the incorporation of this project compared to the existing
situation (without this project).

The following potential impacts on existing customers in the area are reviewed is this CIA:

e Short circuit impact
e Impact on customer power supply reliability.

The findings of this CIA are as follows:

1. The plan has no significant impact on Short-Circuit Levels in the area since it does not
introduce additional sources of short circuit current. The distributed generators that are
expected to connect to the low-voltage side of the new Leamington station are those that were
previously planned to connect to the Kingsville station.

2. The plan does not result in deterioration of the area’s customer power supply reliability. The
new 13 km line tap to the existing Chatham-Keith circuits will marginally increase their
exposure to faults; however, this will not result in increased disruptions to customers in
normal conditions.

3. The plan will result in reduced frequency and amount of armed load rejection that would be
required in the event of 230 kV supply interruption to Lauzon TS.
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CUSTOMER IMPACT ASSESSMENT
SOUTH-ESSEX COUNTY TRANSMISSION REINFORCEMENT

1.0 INTRODUCTION

1.1 Background

The Ontario Power Authority (OPA) conducted a planning study for the Windsor - Essex region,
with input from Hydro One Networks Inc (Hydro One), the Independent Electricity System
Operator (IESO) and area Local Distribution Companies, to assess the supply adequacy and
security in the region. The study identified the need to increase supply capacity in the region,
minimize the impact of outages, and ensure compliance with IESO’s Ontario Resource and
Transmission Assessment Criteria (ORTAC). A map of the region is shown in Figure 1.

This Customer Impact Assessment (CI1A) examines the impact of the recommended plan which
consists of:

e Leamington DESN Station
A new 230/27.6-27.6 kV, 75/100/125 MV A DESN transformer station will be built in the
Town of Leamington. Six feeders will initially be provided at the station, and some load will
be transferred to the new station from Kingsville TS.

e Leamington DESN Connection Line
This new Leamington station will be supplied by a new 13 km 230 kV double-circuit
overhead line which will be tapped from the existing Chatham to Keith circuits C21J and
C22J at about 20 km east of Sandwich Junction.

A schematic diagram of the existing and proposed facilities is shown in Figure 2.

As part of the Connection Assessment and Approval (CAA) process, the IESO has carried out
System Impact Assessment (SIA) of the proposed transmission reinforcement and has
documented the findings in the draft SIA report CAA ID 2013-507, “Leamington TS - Supply to
Essex County Transmission Reinforcement Project”, dated June 9, 2014.

Hydro One has carried out this CIA to assess the impact that the proposed transmission
reinforcement may have on facilities owned by load and generation customers in the Windsor -
Essex area. This is in accordance with the requirements of the Ontario Energy Board
Transmission System Code.

Transmission connected customers potentially impacted by the incorporation of this
project were requested to provide comments to a draft report of this study. The 30-

day review period ended on June 6, 2014. All comments received on the draft report
were incorporated.

1.2 Customer List

Table 1 lists all transmission customers in the Windsor-Essex area.
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Table 1:

Transmission Customers in Area

No. Station Supply Circuits
Connected Customer
1 Keith TS e  Brighton Beach Power LP
230 kV C21J, C22), J5D e  West Windsor Power
115 kV J3E, JAE, J1B, J2N e Enwin Powerlines Ltd.
e  Essex Power Corp.
e  Hydro one Networks Inc.
2 Lauzon TS 230 kV C23z, 247 e  Enwin Powerlines Ltd.
e  Hydro One Networks Inc.
3 Malden TS 230 kv C21J, C22) e  Enwin Powerlines Ltd.
e  Essex Power Corp.
e  Hydro One Networks Inc.
4 Essex TS 115 kV J3E, JAE Z1E, Z7E e  Enwin Powerlines Ltd.
5 Crawford TS 115 kV J3E, JAE e  Enwin Powerlines Ltd.
6 Chrysler MTS, General Motors | 115 kV E8F, E9F e  Enwin Powerlines Ltd.
MTS, Ford Annex MTS, Ford
Windsor MTS
7 Walker TS 115 kV Z1E, Z7E e  Enwin Powerlines Ltd.
8 Walker MTS #2 115 kV Z1E, Z7E e  Enwin Powerlines Ltd.
9 Ford Essex CTS 115 kV Z1E, Z7E e  Enwin Powerlines Ltd.
10 | Windsor TransAlta CGS 115kV Z1E e  TransAlta Energy Corporation
11 | Belle River TS 115 kV K27, K6Z e Hydro One Networks Inc.
12 | Kingsville TS 115 kV K2z, K6Z e E.L.K. Energy Inc.
e  Essex Power Corp.
e  Hydro One Networks Inc.
13 | Tilbury TS 115 kV K2z2 e  Hydro One Networks Inc.
14 | Tilbury West DS 115 kV K2Z e  Hydro One Networks Inc.
15 | Comber WFCGS 230 kV C23Z, C24z e  Comber Wind LP
16 | Port Alma #1 WFCGS 230 kv C23Z, C24zZ e  Kruger Energy Port Alma LP
17 | Port Alma #2 WFCGS 230 kv C23Z, C24Z e  Kruger Energy Port Alma LP
18 | Dillon WFCGS 230 kv C23z e  Raleigh Wind Power Partnership
19 | Gosfield WFCGS 115 kV K2zZ e  Gosfield Wind LP
20 | Pte-Aux Roches WFCGS 115 kV K6z e  Pte-Aux Roches Wind Inc.
21 | East Windsor CGS 115 kV E8F and E9F e  East Windsor Cogeneration LP
2.0 Customer Impact Assessment Scope

The purpose of this CIA is to assess the potential impacts of the proposed new transmission
facilities on the existing connected load and generation customers in the Windsor Essex area.
This is in accordance with the requirements of the Ontario Energy Board Transmission System

Code.

A review of the following potential impacts on existing customers is conducted in this CIA:
Short circuit impact at the connection point
Impact on customer power supply reliability

Customer Impact Assessment — Supply to Essex County Transmission Reinforcement Project
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3.0 SHORT-CIRCUIT STUDY ANALYSIS

The proposed transmission reinforcement has no significant impact on Short-Circuit Levels in the
area since,

a) It does not create new or reinforced connection to the existing sources of short circuit
current, i.e., it does not change the “Fault Impedance” in the area.

b) It does not add new sources of short circuit current. The distributed generators that are
expected to connect to the low-voltage side of the new Leamington station are those that
were previously planned to connect to the Kingsville station.

The impact of potential new generation that may apply in the future to connect to Leamington
station or its connecting lines will be assessed at that time.

4.0 SUPPLY RELIABILITY TO CUSTOMERS

With the incorporation of the proposed plan, up to 95 MW of load will be transferred from
Kingsville TS, which is supplied from the 115 kV transmission in the Windsor-Essex area, to the
new Leamington TS, which will be supplied from the 230 kV transmission. The loads transferred
will be primarily from within, and east of, the Town of Leamington. This transfer will alleviate
concerns of thermal overload of the Kingsville TS supply circuits K2Z and K6Z following the
loss of either supply circuit, and therefore eliminate the need for special operating measures at
Kingsville TS such as opening of the bus tie breaker in the summer months when the station load
exceeds line capability. It will also alleviate low voltage concerns at Kingsville TS for which the
Windsor Area SPS is currently used to reject load at the station.

With the establishment of Leamington TS, loads in, and to the east of the Town of Leamington
will be closer to the supply station. This will improve the reliability for these loads by reducing
their exposure to supply interruptions caused by faults in the distribution system.

The transfer of load to Leamington TS will ease the loading on the Windsor-Essex 115 kV
transmission facilities, which would require load rejection in the event of 230 kV supply
interruption to Lauzon TS. With reduced loading on the 115 kV circuits, the frequency and the
amount of arming of load rejections in the area to protect the system for double-circuit faults on
the Chatham-Lauzon circuits will be reduced.

The new 13 km Leamington DESN tap lines will marginally increase the exposure of the existing
90 km circuits C21J and C22J to faults. However, under normal conditions, this will not
deteriorate the reliability of supply for the customers since the system is always operated such
that the loss of these two lines will not violate the system reliability requirements.

As a result of the above observations, it is expected that the plan will not result in deterioration of
the area’s customer power supply reliability.

The IESO SIA report concludes that the projects do not adversely affect the reliability of the grid.

It further concludes that with the use of operating measures, thermal loading of transmission
facilities remain within their capabilities, and that voltage performance at customer connection
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points meets Market Rules requirements. This project will result in improvement of the system
performance compared to the existing system.
5.0 CONCLUSIONS AND RECOMMENDATIONS

This CIA report describes the impact of the proposed South-Essex County Transmission
Reinforcement on the customers in the area.

The short-circuit levels at customer transmission connection points will not be materially affected
as a result of this transmission reinforcement.

The proposed transmission reinforcement has no material adverse reliability impact on existing
customers in the area.

The voltage assessment as reported in the SIA document shows that voltage performance remains
within the Planning Criteria for all the scenarios studied.
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