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Disclaimers

IESO

This report has been prepared solely for the purpose of assessing whether the coraqgdimant's
proposed connection with the IES©Ontrolled grid would have an adverse impact on the reliability of the
integrated power system and whether the IESO should issue a notice of conditional approval or
disapproval of the proposed connection urCleapter 4, section 6 of the Market Rules.

Conditional approval of the proposed connection is based on information provided to the IESO by the
connection applicant and Hydro One at the time the assessment was carried out. The IESO assumes no
responsibility for the accuracy or completeness of such information, including the results of studies
carried out by Hydro One at the request of the IESO. Furthermore, the conditional approval is subject to
further consideration due to changes to this information, @adtbtional information that may become
available after the conditional approval has been granted.

If the connection applicant has engaged a consultant to perform connection assessment studies, the
connection applicant acknowledges that the IESO will ging on such studies in conducting its
assessment and that the IESO assumes no responsibility for the accuracy or completeness of such studies
including, without limitation, any changes to IESO base case models made by the consultant. The IESO
reserves th right to repeat any or all connection studies performed by the consultant if necessary to meet
IESO requirements.

Conditional approval of the proposed connection means that there are no significant reliability issues or
concerns that would prevent cogtien of the proposed facility to the IESntrolled grid. However,

the conditional approval does not ensure that a project will meet all connection requirements. In addition,
further issues or concerns may be identified by the transmitter(s) duringtdiked design phase that

may require changes to equipment characteristics and/or configuration to ensure compliance with physical
or equipment limitations, or with the Transmission System Code, before connection can be made.

This reporthas not been prepad for any other purpose and should not be used or relied upon by any
person for another purpose. Théporthas been prepared solely for use by the connection applicant and
the IESO in accordance with Chapter 4, section 6 of the Market Rules. The I&S@es no
responsibility to any third party for any use, which it makes ofrégg®rt Any liability which the IESO

may have to the connection applicant in respect ofréipiertis governed by Chapter 1, section 13 of the
Market Rules. In the event thtite IESO provides a draft of thisportto the connection applicant, the
connection applicant must be aware that the IESO may revise drafts ifgbitat any time in its sole
discretion without notice to the connection applicant. Although the IESQusélits best efforts to advise

you of any such changes, it is the responsibility of the connection applicant to ensure that the most recent
version of thigeportis being used.

Hydro One

The results reported in thisportare based on the informatiawailable to Hydro One, at the time of the
study, suitable for &ystem Impact Assessmaeaitthis connectiorproposal.

The short circuit and thermal loading levels have been computed based on the information available at the
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time of the study. These legemay be higher or lower if the connection information changes as a result
of, but not limited to, subsequent design modifications or when more accurate test measurement data is
available.

This study does not assess the short circuit or thermal loadiragiropthe proposed facilities on load
and generation customers.

In this report short circuit adequacy is assessed only for Hydro One circuit breakers. The short circuit
results are only for the purpose of assessing the capabilities of existing Hydmr€ditebreakers and
identifying upgrades required to incorporate the proposed facilities. These results should not be used in
the design and engineering of any new or existing facilities. The necessary data will be provided by
Hydro One and discussed tiany connectioapplicantupon request.

The ampacity ratings of Hydro One facilities are established based on assumptions used in Hydro One for
power system planning studies. The actual ampacity ratings during operations may be determined in real
time ard are based on actual system conditions, including ambient temperature, wind speed and facility
loading, and may be higher or lower than those stated in this study.

The additional facilities or upgrades which are required to incorporate the propos¢igdauilve been
identified to the extent permitted bySystem Impact Assessmemtder the current IESO Connection
Assessment and Approval process. Additional facility studies may be necessary to confirm
constructability and the time required for constiartt Further studies at more advanced stages of the
project development may identify additional facilities that need to be provided or that require upgrading.

ii CAA ID 2008-333 Finali August 9", 2011
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Executive Summary

Project Description

Northland Power Inc. (NPI) is proposing to construct and oparaigbine based cogeneration plant in
Oshawa, Ontario comprised @ithera single or twinl00 MW nominal rating unitshat will generate power
for sale to the Cuario Electricity Market, and steam for sale to the General Motors Oshawa facility.

Thetwin 100 MW unitoption would be completed in two phaste first of which is the single 100 MW unit
optionto be built in 2012with the secondinitto be added a fe years later.

The Oshawa Cogeneration Plarduld connect to 230 kV circuit H24@t 75m from the existing General
Motors Oshawa tap.

Findings
The following conclusions ameducedased on this assessment:

(1) The proposed connection arrangenmamd equiprantfor the Oshawa Cogeneration Plantéacceptable to
the IESO

(2) The voltage performanas the IESGControlled Gridwith the propose@®shawa Cogeneration Plast
expected to be acceptable under bothgmtingency and postontingency operating coitigns.

(3) The equipment loading on the IESTyntrolled Grid with the proposed Oshawa Cogeneration Plant is
expected to be acceptable under bothgm@ingency and postontingency operating conditions.

(4) The impact of the proposed facility on short cirdeitelsis expected to be acceptable with fault currents
not exceeding breaker interrupting capability.

(5) Theline protection changes required to incorporate the Oshawa Cogeneration Plant are not expected to
have amdverse to the IESQontrolled Grid The lineis expected to remain fully covered by Zone 1
protections and no relay margin concerns exist with the increased Zone 2 protection reach.

(6) Theproposedyenerator control systerfar units GTG1 andGTG2 are expected tmeettheapplicable
performance requireentsin the Market Rules

(7) Oshawa Cogeneration Plaggnerator&STG1 andGTG2 and the power system are expected to be
transiently stable following fault conditions.

Finali August 9", 2011 CAA ID 2008333 1
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IESO Requirementsfor Connection

The following requirements for the incorporatiortiog proposed projedtave been identifieduring the
assessment

Transmitter Requirements
The following requirements are applicable for Hydro @wehe incorporatiorf the proposed project

(1) The transmitter shall revigbe rehy settings at CherrywodES to account for the effect of thgroposed
facility.
Modifications to protection relays after this SIA is finalized must be submitted to IESO as soon as
possible or at least six (6) months before any modifications are to be implenietitede modificatbns
result in adverseeliability impacts, the connection applicant and the transmitter must develop mitigation
solutions.

Applicant Requirements

Specific RequirementsThe followingspecificrequirements are applicable for the incorporatioproposed
project.

(1) None

General Requirements: The connection applicant shall satisfy tapplicablerequirements and standards
specified in the Market Rules, Market Manuals and the Transmission System Code. The following requirements
summarize some of the genleraquirements that are applicable to the proposed project, and preseddailin

in section 2 of this report.

(1) The connection applicant shall ensure that the facildg the capability to perate continuously
between 59.4Hz and 60.6Hz and for a limipediod of time in the region above straight lines on a log
linear scale defined by the points (0.0s, 57.0Hz), (3.3s, 57.0Hz), and (300s, 59.0Hz).

The facility shall regulatspeed with an average droop based on maximum active power adjustable
between 3% =d 7% and set at 4%. Regulation deadband shall not be wider than + S0€64. shall

be controlled in a stable fashion in both interconnected and island opefatostained 10% change

of rated active power after 10 s in response to a constant ratawfe of speed of 0.1%/s during
interconnected operation shall be achievable

(2) The connection applicant shall ensure that the facility has the capabibtyppdy continuously all
levels of active power output for 5% deviations in terminal voltage.

The prosed facility shallnject or withdraw reactive power continuously (i.e. dynamically) at a
connetion point up to 33% of its rated active power at all levels of active power output except where a
lesser continually available capability is permitted bylEfO.

The proposed facility shall be able tegulate automatically voltage within £0.5% of any set point
within +5% of rated voltage at a point whose impedance (based on rated apparent power and rated
voltage) is not more than 13% from the highest vatégrminal. If the AVR target voltage is a
function of reactive out put edtanoenoresthanQS®w. ThpY / qoQ ma
equivalent time constants shall not be longer than 20 ms for voltage sensing and 10 ms for the forward
path to the exciteoutput. AVR reference compensation shall be adjustable to within 10% of the
unsaturated direct axis reactance on the unit side from a bus common to maltgle

(3) The connection applicant shall ensure that the excitation system and power systerarstahiiy the
requirements of Appendix 4.2 of the Market Rules.

2 CAA ID 2008333 Finali August 9", 2011
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(4) The connection applicant shall ensure tha facility has the capability torgvide shortime
capabilities specified in IEEE/ANSI 50.13 and continuous capability determined by either field
current, armature current, or cegad heating. More restrictive limiting functions, such as steady state
stability limiters, shall not be enabled without IESO approval.

(5) The generation facility shall have the capabilityritte through routine switchingvents and design
criteria contingencies assuming standard fault detection, auxiliary relaying, communication, and rated
breaker interrupting timesinless disconnected by configuration.

(6) The connection applicant shall ensure that the 230 kV equipmentableay continuously operating
between 220 kV and 250 kV. Protective relaying must be set to ensure that transmission equipment
remainsin service for voltages between 94% of the minimum continuous value and 105% of the
maximum continuous value specifiadAppendix 4.1 of the Market Rules.

(7) The connection applicant shall ensure that¢onnection equipmeigtdesignedo be fully operational
in all reasonably foreseeable ambient temperature conditions. The connection equipment must also be
designed sdhat the adverse effects dfs failure on the IES@ontrolled grid are mitigatedlhis
includes ensuring that all circuit breakers fail in the open position

(8) The connection applicant shall install at the facility a disturbance recording device with clock
syndironization that meets the technical specifications providddebfransmitter

(9) The connection applicant shall ensure that the new equipment at the facility be designed to sustain the
fault levels in the area. If any future system enhancement resuitgrioraased fault level higher than
the equipmentds capability, the connection appl
expense with higher rated equipment capable of sustaining the increased fault level, up to maximum
fault level specifid in Appendix 2 of the Transmission System Code.

Fault interrupting devices must be able to interrupt fault cusr@nthe maximum continuous voltage
of 250kV.

(10) Appendix 2of the Transmission System Costateshat the maximum rated interrupting time foe
230kV breakers must be less than or equd tycles.Thus, the connection applicant shall ensure that
the installed breakers meet the required interrupting time specified Tnghsmission System Code

(11) The connection applicant shall ensure tihat hew protection systems at the facility are designed to
satisfy all the requirements of the Transmission System Code and any additional requirements
identified by the transmitter.

As currently assessed by the IESO, the facility is not part of the BdPShemefore it is not designated
as essential to the power system.

The connection applicant shall have adequate provision in the design of protections and controls at the
facility to allow for future installation of Special Protection Scheme (SPS) egnipme

The protection systems within the generation facility must only trip the appropriate equipment required
to isolate the fault.

The autoreclosure of the high voltage breakers at the connection point must be blocked. Upon its
opening for a contingency, éhhigh voltage breaker must be closed only after the IESO approval is
granted.

Any modifications made to the protection relays by the transmitter after this SIA is finalized must be
submitted to the IESO as soon as possible or at least six (6) monttes &refanodifications are to be
implemented on the existing protection systems.

(12) The connection applicant shall ensure that the telemetry requirements are satisfied as per the applicable

Finali August 9", 2011 CAA ID 2008333 3
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Market Rules requirements. The determination of telemetry quantitietebamdetry testing will be
conducted during the IESO Facility Registration/Market Entry process

(13) If revenue metering equipment is being installed as part of this prisjectonnection applicant should
be aware that revenue metering installations mustpg with Chapter 6 of the IESO Market Rules.
For more details theonnectionapplicant is encouraged to seek advice from their Metering Service
Provider (MSP) or from the IESO metering group

(14) The proposed facility must be compliant with applicable rditgbstandards set by the North
American Electric Reliability Corporation (NERC) and the North East Power Coordinating Council
(NPCC) that are in effect in Ontario as mapped in the following link:
http//www.ieso.ca/imoweb/ircp/orcp.asp

(15) Based on the SIA application, tlennection applicant meets the restoration participant criteria.
Please refer to the Market Manual 7.8 to determine its applicability to the proposed facility. Details
regarding restotin participant requirements will be finalized at the Facility Registration/Market
Entry Stage.

(16) The connection applicant must complete the IESO Facility Registration/Market Entry process in a
timely manner before IESO final approval for connection istgdn

Models and data, including any controls that would be operational, must be provided to the IESO at
least seven months before energizatimm the IESQOcontrolled grid. This includes both PSS/E and
DSA software compatible mathematical models repriasg the new equipment for further IESO,
NPCC and NERC analytical studies

The connection applicant must algwovide evidence to the IESO confirming that the equipment
installed meets the Market Rules requirements and matches or exceeds the perforedictesl in

this assessment. This evidence shall be either type tests done in a controlled environment or
commissioning tests done -gite. The evidence must be supplied to the IESO within 30 days after
completion of commissioning test$ the submitted radels and data differ materially from the ones
used in this assessment, then further analysis of the project will need to be done by the IESO.

Final connection of this project may be subject to additional requirements specified in the€OHydrd s
Customedmpact Assessment.

Notification of Approval

The proposed connection of the Oshawa Cogeneration, Blaloiect to the requirements specified in this
report, is expected to have no material adverse impact on the reliability of the integrated power system.

It is recommended that Hotification of Conditional Approval for Connectidre issued for the Oshawa
Cogeneration Plant project subject to the implementation of the requirements outlined in this report.

T End of Sectioni
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System impact Assessment Report Project Description

1. Project Description

Northland Paver Inc. (NPI) is proposing to construct and operatéurbine based cogeneration plant in
Oshawa, Ontari@onsising of either one otwo 100 MW gasfired General Electric (GE) LMS100PB gas
turbine generator (GTG) packagesnnedng to 230 kV circuit H2C, at 75m from the existing General

Motors Oshawa taf@-he facility will generate power for saileto the Ontario Electricity Market, and steam for
sale to the General Motors Oshawa facility.

Thetwin 100 MW unitoption would be completed in two phaste first of which is the single 100 MW unit
optionto be built in 2012with the secondinitto be added a few years later.

The synchronizing breakeb2-GTG1 and 525TG2 will be located on the 13.8kV side of the maenerator
stepup (GSU) transformes. Both GSU transformerswill be connected Wygroundd on the high voltage

(HV) 230kV side and Blta on he low voltage (LT)13.8kV side and rated at ONAN/ONAF/ONAF of
72/96/120 MVA sized to carry maximum generation from each Tih&.230 kV bus will be@nnected viahe

230 kV circuit breaker 521. The circuit breaker is connected to isolating disconnect switdtl 8@hich in

turn conned to the tap point on H24C through an overhead conductor. As required by the Transmission
System Code (TSChedisomnnect switch 891 is motorized.

The Oshawa Cogeneration Plant Station Services (SS) will be fed via a tap from the GTG1 13.8kV generator
bus located between the generator breaker and theistepnsformer. A backup 13.8 kV supply will also be
providedfrom the existing Oshawa General Motors TS, for situations when the 230 kV circuit tap is out of
service.

This System Impact gsessment (SIA) assesithe two unit proposalgonsidering the single unit proposal
assessment to be inclusive

In particular this reportassessegrid changes itroducedby the proposed connection arrangemesgmpars

the performance characteristics of freposedjenerators and associated equipment against the Market Rules
standards, analyzes the adequacy of the short cicapibility of the local transmission system with the
proposedacility connectedandassesses the impact of the proposed fadilityhe local transmission system.

The reportalsoprovidesNPI with a list of requirementfor the proposal to ensure thate new facility, when
connected, will not have a material adverapacton the reliability of theéntegrated power systerand also
points out significant Market Rules requirementsgenerators

T End of Sectioni
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2. General Requirements

The connectiong@plicant shall satisfy the applicable requirements and standards specified in the Market Rules,
Market Manuals and the Transmission System Code. The following sections highlight some of the general
requirements that are applicable to the proposed project

2.1 Frequency/Speed Requirements

As per Appendix 4.2 of the Market RulelBetconnection applicant shall ensure that the generation facility has
the capability tooperate continuously between 534 and 60.6Hz and for a limited period of time in the
region d@ove straight lines on a ldmear scale defined by the points (8,057.0Hz), (3.3s, 57.0Hz), and
(300s, 59.0Hz), as shown in the followingigure 1.

Figure 1: Setting for Grid Under-frequency Trip Protection
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The facility has to have the capability to regulageed with an average droop based on maximum active
power adjustable between 3% and 7% and set at 4% unless otherwise specifiedE§CthRegulation
deadband shall not be wider than + 0.063feed shall be contrelll in a stable fashion in both interconnected

and island operatioA sustained 10% change of rated active power after 10 s in response to a constant rate of
change of speed of 0.1%/s during interconnected operation shall be achievable. Due considéragon w
given to inherent limitations such as mill points and gate limits when evaluating active power changes. Control
systems that inhibit governor response shall not be enabled wiEt&0Ot@pproval.

2.2 Reactive Power/Voltage Regulation Requirements

The gaeration facility is directly connected to the IE8@ntrolled grid, and thus, the connection applicant
shallensure that the facilityas the capability to:

- supply continuously all levels of active power output for 5% deviations in terminal voltage. &#itexl
power is the smaller output at either rated ambient conditions (e.g. temperature, head, wind speed, solar
radiation) or 90% of rated apparent power. To satisfy stetadg reactive power requirements, active
power reductions to rated active povaee permittep
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- inject or withdraw reactive power continuously (i.e. dynamically) at a connection point up to 33% of its
rated active power at all levels of active power output except where a lesser continually available
capability is permitted by the IES@.necessary, shunt capacitors must be installed to offset the reactive
power losses within the facility in excess of the maximum allowable losses. If generators do not have
dynamic reactive power capabilities, dynamic reactive compensation devicesenstalied to make
up the deficient reactive power

- regulate automatically voltage within £0.5% of any set point within +5% of rated voltage at a point
whose impedance (based on rated apparent power and rated voltage) is not more than 13% from the
highesv ol t age ter mi nal . If the AVR target voltage i
shall be adjugtd © not more thar0.5%. The equivalent time constants shall not be longer than 20 ms
for voltage sensing and 10 ms for the forward path @oettciter output. AVR reference compensation
shall be adjustable to within 10% of the unsaturated direct axis reactance on the unit side from a bus
common to multiple units.

2.3 Control Systems Requirements

The connection applicant shall ensure that the ggaeracility has the capability to:

- provide (a) Positive and negative ceilings not less than 200% and 140% of rated field voltage at rated
terminal voltage and rated field current; (b) A positive ceiling not less than 170% of rated field voltage
at ratedterminal voltage and 160% of rated field current; (c) A voltage response time to either ceiling
not more than 50 ms for a 5% step change from rated voltage undeciapginconditions; and (d) A
linear response between ceilings. Rated field currerdfinet at rated voltage, rated active power and
required maximum continuous reactive power

- provide (a) A change of power and speed input configuration; (b) Positive and negative output limits
not less than +5% of rated AVR voltage; (c) Phase compensatdijoistable to limit angle error to
within 30° between 0.Riz and 2.0 Hz under conditions specified by the IESO, and (d) Gain adjustable
up to an amount that either increases damping ratio above 0.1 or elicits exciter modes of oscillation at
maximum activeoutput unless otherwise specified by the IESO. Due consideration will be given to
inherent limitations.

2.4 Short-time Capability Requirements

The connection applicant shall ensure ttreg facility has the capability torgvide shorttime capabilities
specifed in IEEE/ANSI 50.13 and continuous capability determined by either field current, armature current,
or coreend heating. More restrictive limiting functions, such as steady state stability limiters, shall not be
enabled without IESO approval.

2.5 Voltage Ride Though Requirements

The generation facility shall have the capabilityrite through routine switching events and design criteria
contingencies assuming standard fault detection, auxiliary relaying, communication, and rated breaker
interrupting times nless disconnected by configuration.
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2.6 Voltage Requirements

Appendix 4.1of the Market Rules states that under norpdratingconditions the voltagesin the 230 kV
systemare maintained within the range of 220 kV to 250 kV. Thus, the IESO requires ¢haBohkV
equipment in Ontario must have a maximum continuous voltage rating of at least.250 kV

Protective relaying must be set to ensure tlatsimission equipment remainssiervice for voltages between
94% of the minimum continuous value and 105%ha& maximum continuous valupecifiedin Appendix
4.10f the Market Rules.

2.7 Connection Equipment Design Requirements

The connection applicant shall ensure that tconnection equipmeit designedo be fully operational in all
reasonably foreseeable ambiésmperature conditions. The connection equipment must also be designed so
that the adverse effects it$ failure on the IES@ontrolled grid are mitigated:his includes ensuring that all
circuit breakers fail in the open position

2.8 Disturbance Recording Requirement

The connection applicant is required to install at the facility a disturbance recording device with clock
synchronization that meets the technical specifications providélaeblyansmitterThe device will be used to
monitor and record the respse of the facility to disturbances on ®2@0kV system in order to verify the
dynamic response of generators. The quantities to be recorded, the sampling rate and the trigger settings will
be provided byhe transmitter

2.9 Fault Level Requirements

The Transmission System Code requitée new equipmento bedesigned to sustain the fault levels in the

area where the equipment is install&tdus, he connection applicant shall ensure that the new equipment at
the facility is designed to sustain the faultdks in the area. If any future system enhancement results in an
increased fault | evel hi gher than the equi pmentds
equipment aits own expense with higher rated equipment capable of sugjdhménincreased fault level, up to
maximum fault level specified in the Transmission System Code. Appendix 2 of the Transmission System
Code establishethe maximum fault levels for the transmission system. For8kV system, the maximum

3 phase symmaetal fault levelis 63 kAandthe maximunsingle line to ground symmetrical fault level80

KA (usually limited to 63 kA)

Fault interrupting devices must be able to interrupt fault cus@inthe maximum continuous voltage 280
kV.

2.10 Breaker Interrupting Time Requirement

Appendix 2of the Transmission System Coslatesthat the maximum rated interrupting time tbe 230kV
breakers must be less than or equad trycles.Thus, the connection applicant shall ensure that the installed
breakers meet thequired interrupting time specified in tlieansmission System Cade
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2.11 Protection System Requirements

The connection applicant shall ensure that tloéegtion systemaredesigned to satisfy all the requirements of
the Transmission System Code as spetifie Schedules E, F and G of Appendix 1 and any additional
requirements identified by the transmitteNew protection systems must be coordinated \lihexisting
protection systems.

Facilities that are essential to theower system must be protected lwo redundant protection systems
according to section 8.2.1a of the TSC. These redundant protections systems must satisfy all requirements of
the TSC and in particulay they must not use common components, common battery banks or common
secondary CT orPwindings. As currently assessed by the IESO, this facility is not on the cBuirPower
Systemlist, and thereforeis not considered essential to the power systdmthe future, as the electrical
system evolves, this facility may be placed onBRS list.

The connection pplicant is required to have adequate provision in the design of protections and controls at the
facility to allow for future installation of Special Protection Scheme (SPS) equip8temild a future SPS be
installed to improvehte transfer capability in the area or to accommodate transmission reinforcement projects,
the facility will be required to participate in the SPS system and to install the necessary protection and control
facilities to affect the required actions.

The potection systems within the generation facility must only trip the appropriate equipment required to
isolate the faultAfter the facility begins commercial operation, if an improper trip of2B@kV circuit H24C
occurs due to events within the facilithet facility may be required to be disconnected from the ESO
controlled grid until the problem is resolved.

The autoreclosure of the high voltage breakers at the connection point must be blocked. Upon its opening for a
contingency, the high voltage breakeaust be closed only after the IESO approval is granted.

Any modifications made to protection relays by the transmitter after this SIA is finalized must be submitted to
the IESO as soon as possible or at least six (6) months before any modificationseaiaptemented on the
existing protection systems. If those modifications result in adverse impacts, the connection applicant and the
transmitter must develop mitigation solutions

2.12 Telemetry Requirements

If applicable according to Section 7.3 of Chaptef the Market Rules, the connection applicant shall provide
to the IESCthe applicableéelemetry datdisted in Appendix 4.15 of the Market Rules on a continual basis. The
data shall be provided in accordance wvitie performance standardet forth in Apendix 4.19, subject to
Section 7.6A of Chapter 4 of the Market RulEke data is to consist of certain equipment status and operating
guantities which will be identified during the IES®cility Registration/Market Entriprocess.

To provide the requiredata, the connection applicant musstall at this projectnonitoring equipmentthat

meets the requirements set forth in Appendix 2.2 of Chapter 2 of the Markesulesrt of the IESO Facility
Registration/Market Entry process, the connection apmlicaust also complete end to end testing of all
necessary telemetry points with the IESO to ensure that standards are met and that sign conventions are
understood. All found anomalies must be corrected before IESO final approval to connect any please of th
project is granted.

2.13 Revenue Metering Requirement

If revenue metering equipment is being installed as part of this project, the connection applicant should be

Finali August 9", 2011 CAA ID 2008333 5



General Requirements IESO_REP_0739

aware that revenue metering installations must comply with Chapter 6 of the IESO Market Rulesore
details the connection applicant is encouraged to seek advice from their Metering Service Provider (MSP) or
from the IESO metering group

2.14 Reliability Standards Requirements

Prior to connecting to the IESO controlled grid, the proposed facilitst imet compliant with the applicable
reliability standards established by the North American Electric Reliability Corporation (NERC) and reliability
criteria established by the Northeast Power Coordinating Council (NPCC) that are in effect in Ohtario.
mgpping of applicable standards, based on the propo
be found herehttp://www.ieso.ca/imoweb/ircp/orcp.asp

This mapping is updated periodicallyexfnew or revised standards become effective in Ontario.

The current versions of these NERC standards and NPCC criteria can be found at the following websites:
http://www.nerc.com/page.php?cid=2|20
http://www.npcc.org/documents/regStandards/Directories.aspx

The IESO monitors and assesses market participant compliance with a selection of applicable reliability
standards each year part of the Ontario Reliability Compliance Programo find out more about this
program, write tmrcp@ieso.car visit the following webpagéttp://www.ieso.ca/imowelrcp/orcp.asp

Also, to obtain a better understanding of the applicable reliability compliance obligations and engage in the
standards devel opment process, we recommend that
Reliability Standards Stamij Committee (RSSC) or at least subscribe to their mailing list by contacting
rssc@ieso.caThe RSSC webpage is located at:

http://www.ieso.ca/imoweb/congidonsult_rssc.asp

2.15 Restoration Participant Requirements

Based on the SIA application, tkennection applicant meets the restoration participant criteria. Please refer
to the Market Manual 7.8 to determine its applicability to the proposed facilitgil®etgarding restoration
participant requirements will be finalized at the Facility Registration/Market Entry Stage.

2.16 Facility Registration/Market Entry Requirements

The connection applicant must complete the IESO Facility Registration/Market Entry orncastimely
manner before IESO final approval for connection is granted.

Models and data, including any controls that would be operational, must be provided to the TRSO.
includes both PSS/E and DSA software compatible mathematical models répgetten new equipment for

further IESO, NPCC and NERC analytical studies. The connection applicant may need to contact the software
manufacturers directly, in order to have the models included in their pacKdgesnformation should be
submitted at lest seven months before energization to the HESArolled grid, to allow the IESO to
incorporate this project into IESO work systems and to perform any additional reliability studies.

As part of the IESO Facility Registration/Market Entry process, theexdion applicant must provide
evidence to the IESO confirming that the equipment installed meets the Market Rules requirements and
matches or exceeds the performance predicted in this assessment. This evidence shall be either type tests done
in a contrdled environment or commissioning tests donesite. In either case, the testing must be done not
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only in accordance with widely recognized standards, but also to the satisfaction of the IESO. Until this
evidence is provided and found acceptable tdE&©, the Facility Registration/Market Entry process will not

be considered complete and the connection applicant must accept any restrictions the IESO may impose upon
this projectds p-administerdd parkeis orrconmectionttontiee IES@ESIIGd grid.The

evidence must be supplied to the IESO within 30 days after completion of commissioning tests. Failure to
provide evidence may result in disconnection from the HES@rolled grid.

If the submitted models and data differ materiallynirthe ones used in this assessment, then further analysis
of the project will need to be done by the IESO.

-End of Section
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3. Generator and Control System

Assessment

3.1 Connection Arrangement

TheOshawa CogerationPlantconnection arrangement and grid conimecpoint are illustrated below in
Figure 2andFigure 3respectively.

EXISTING O/H LINE-1
TO HOW' 230KV H24C
HOM| TOWER & 4351°52 N, TES52'13W
b

q:._ 0/H UNE TAP (~75m)
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Figure 2: Oshawa Cogen Plant Single Line Diagram
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Figure 3: Location of Oshawa Cogen Plant

3.2 Reactive Power Requirement

The Market Rules requirea generator tinject or withdraw reactive power continuously (i.e. dynamically) at a
connection point up to 33% of its rated active power at all levels of active power output except where a lesser
continually available capability is permitteg the IESO.

A generating unit with a power factor range of 0.90 lagging and 0.95 leadingdfdive power connected
via a main output transformer impedance not greater than 13% based on generator rated apparent power
provides the required range @fnamic power at the connection point.

The onnection point between the IESQOntrolled gid and the Oshawa Cogeneration Plarthe tapto 230

kV circuit H24G therefore the GSU transformer is behind the connection. point

Table2 shows theGSU transforme data provided by NPIThe impedance dhe GSU transformer is 0.13 pu
basedon the generatiobhase 0fl16.7MVA ; whichis the maximum generation MVA under winter condigon
as shown imable 1
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Table 1: Generator Output Data

Max Active Power Output Max Apparent Power Output*
Generator - -
Summer Winter Summer Winter
GTG1/GTG2 100 MW 105 MW 111.1 MVA 116.7 MVA

*Maximum apparent powelutput is the lesser of the generdtWA rating a theMVA output at maximum
active power with a power factor of 0.9.

Table 2: Generator StepUp Transformers Data

| T
Rating (MVA) mpedance (pu) aps

Number |Off load tap |Maxtap [Min tap
ONAN/ONAF/OFAF = =
( ) [Ss=T2MVA |S5=116.7 MVA of Taps [position (kV) |Voltage |Voltage

72/96/120 MVA 0.08j 0.13j 32 230 kv 253 kv | 207 kv

Based on the Generator Capability Diagranfrigure 6, units GTG1 and GTGare able to operate at a 0.90
lagging pwer factor while generatinghaximum active power undeidl ambient conditionsTherefore, with
respect to injection, theeactive powerequirement is satisfied. This capability is illustrated in Figuibelow.

OSHAWA GTG OSHAWA GTG
100.0
50.0H
105.0 2 < %e 100.0 252, 10Q,0
372 ¢ S8 T4 22 S8 5070
249.0 249.0
14.4 14.4

Figure 4: Reactivity Power Capability Diagrami 0.9 lag Power Facto

The units are able to operate d.85 leading power factor while generatindg MW underwinter conditions
(10°C ambient temperaturepoweverthey are unable tmperate at a 0.95 leading power factehile
generating 100 MWunder summerconditions (& 35°C ambient temperatureDespite this limitationthe
requirement tavithdraw reactive power dhe connection point up to 33% ttierated active powss fulfilled
based on the analgsdemonstrated iRigure5 below.
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OSHAWA GTG OSHAWA GTG
100.0 105.0
"21.4R "20.7R
100.0 =520 100,0 105.0 RO 105,0
3871 =248 T4 367 =% <8 0.7
245.4 245 4
13.1 13.1

Figure 5: Reactivity Power Capability Diagrami 0.95 lead Power Factor
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Figure 6: Generator Capability Curves

Therefore, th@®©shawa Cogen Plageneratorareable to supply the required full reactive pov
range based on rated i@etpower for at least one constant 230 kV system voltage.
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3.3 Connection Equipment

The connection equipment specificationsaseesseldased onnformation provided byhe NPI.

3.3.1 230 kV Switches
Specifications foMotorizedSwitch 89L1.:

Type Disconnect
Voltage Rating 250 kv
Continuous Current Rating 1200A
Short Circuit Symmetrical Rating 63 kKA

The switchmees the maximum continuous voltage ratingquiremenbdf 250 kV.

3.3.2 230 kV Circuit Breakers

Specificationgor Circuit Breaker52-L1:

Type SF6
VoltageRating 250 kV
Interrupting time rating 3 cycles (50 ms)
Continuous Current Rating 1200 A
Short Circuit Symmetrical Rating 63 kKA

The circuit breakermees the maximum continuous voltage ratirrgquirementof 250 kV. The
interrupting time and hort circuit symmetrical dutyratings meet the requirements of t
Transmission System CodESC).

3.3.3 Connection Conductors

The characteristics of theapline from the facilityto circuit H24C were not specified in the applicatiohhe
tap line conductor must leelected teustairmaximum output from both units.
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3.4

Generator and Control Systems Dynamic Models

(a) Generators
Table 3. Generator Dynamic Datai Model GENROU

CONs | Value Description
J 10.6 | T & (sec) (>0)

J+1 0.04 | T"po(sec) (>0)
J+2 3.8 T & (sec) (>0)
J+3 0.042 | T"qo(sec) (>0)
J+4 2.543 | Inertia, H

J+5 0 Speed damping,
J+6 1.652 | Xp

J+7 1.59 | Xq

J+8 0.186 | X §

J+9 | 0.248 | X @

J¥10 | 0.121 | X"p=X"g

J+11 0.95 | X,

J+12 | 0.042 | S(1.0)

J+13 | 0.241 | S(1.2)

Finali August 9", 2011
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(b) Excitation Systems
Table 4: Excitation System Datail Model ESST4B

CONs | Value Description
J 0.00 | Tr(sec)
J+1 | 40 | Kpr (>0)
J+2 40 Kir
J+3 1 VRrmAx
J+4 | -0.87 | Vrun
J+5 0.01 | Ta
J+6 1 Kpm
J+7 0 Kim
J+8 1 Vvax
J+9 | -0.87 | Vun
J+10 | 30 | Kg
J+11 0 Kp
J+12 0 K,
J+13 | 7.03 | Vmax
J+14 | 0.1 | K¢
J+15 0 XL
J+16 0 THETAp
14 CAA ID 2008333 Finali August 9", 2011
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Figure 7: ESST4B Block Diagram
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(c) Power System Stabilizers
Table 5: PSS Datai Model PSS2A

ICONs | Value Description CONs | Value Description
o L i\r/%lu(tmé?dg, £ stabilizer J 2 Twi (>0)

IC+1 0 REMBUS1 J+1 2 Two

Ic+2 3 mm‘%ggg 2° stabilizer J+2 0 Ts

IC+3 0 REMBUS1 J+3 2 Tws (>0)

IC+4 5 M J+4 0 Twa

IC+5 1 N J+5 2 T,
J+6 0.393 | Ks;
J+7 1 Kss3
J+8 05 Tg
J+9 0.1 | Te(>0)
J+10 15 Ksi
J+11 0.15 T,
J+12 0.03 T,
J+13 0.15 T3
J+14 0.03 Ty
J+15 0.1 Vstmax
J+16 -0.1 Vstmin

ST sT + [ o P+ 1+sTy | [1+sT
Ks3
Gt i‘?‘; el i‘%fw Nt

Figure 8: PSS2A Block Diagram
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VOTHSG

16

CAA ID 2008-333

Finali August 9", 2011



System Impact Assessment Report

Generator and Control System Assessment

(d) Governors

Table 6: Governor Datai Model GGOV1

CONs | Value Description
J 0.05 R
J+1 1 TreLEC
J+2 | 005 | Maxess
J+3 | 005 | Mingss
4 | 32 | Kesoy
5 | 12 | Keoy
J+6 0 Kbcov
J+7 1 Tocov
J+8 1 Vmax
J+9 01 | Vi
3410 | 04 | Tacr
11 | 15 | Krums
12 | 015 | Wey
13 | 01 |Ta
J+14 0 |Te
J+15 0 | Tene
J+16 3 | Trom
J+17 1 KpLoad
18 | 02 | Kyomo
J+19 1| Loger
20 | o |p,
3+21 | 99 | Ropen
J+22 -99 RcLose
J+23 0 | Ky
24 | 99 | Ager
J+25 | 10 | K,
426 | 01 |Ta
3427 | 99 | Taare
J+28 Ds
29 | 4 | Ta

Finali August 9", 2011
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J+30 5 Tss
J+31 99 Rup
J+32 '99 RDOWN
ICONs | Value Description
Rsetect, Feedback signal for governg
droop:
1 electrical power
M L 0 none (isochronous governor)
-1 fuel valve stroke (true stroke)
-2 governor output (requested stroke)
Flag  Switch for fuel  sourct
M1 0 characteristic
0 fuel flow independent of speed
1 fuel flow proportional to speed
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If Dm > 0 SPEED N
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Figure 9: GGOV1 Block Diagram
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3.5 Control Systems Assessments

Dynamic studies were performed to demonstrate that the generator control systems for units GGBG&2nd
meet the specific performance standard requirements of Appendix 4.2 of the Market Rules.

3.5.1 Excitation System Response

Each synchronous generating unitéhat f aci | ity i s di r eantrolled gridshall bee ct e d
equipped with an excitatiosystem that meets the requirements outlineRdference’ of Appendix 4.2of the
Market Rules Specifically, each excitation system must have:

e A positive ceiling voltage of at least 200% of the rated field voltage, and
e A negative ceiling voltage of a@dst 140% of the rated field voltage.

e A positive ceiling voltage of at least 170% of the rated field voltage at rated terminal voltage and
160% of the rated field current.

e A voltage response tim® either ceilingnot longer than 50 ms for a voltage refere step change
not to exceed 5% under open circuit conditions.

(a) PositiveCeiling VoltageTest

The Response ratio tesh PSS/Ewas conducted tevaluate the positive ceiling voltager the proposed

excitess. The generator BG1 (or GT'G2) isfirst initialized to its rated MVA at eatedpower factor. At &0,

the voltage set point is raised suddenly in order
possible. The response plot is shownkigure 10.

It canbe observed that the rat&dld voltage (Efeyeq is 2.43 pu and the positive ceiling voltage is 5.47 pu.
Therefore, the positive ceiling voltage exceeds 200% of the rated field voltage.

(b) Negative Ceiling Voltagdest

A similar test to the Response Ratio test was used to ewdhmmegative ceiling voltage for the proposed
exciters. A system consisting of a swing bus connected to generator GTG1 (or GTG2) through a step up
transformer and a line was created. At t=0.05, the voltage set point was dropped suddenly to reathehe éxsi
negative ceiling voltage as quickly as possible. The response plot is shbigarel1.

It can be observed that the rated field voltage (Eddis 2.43 pu and the negative ceiling voltagedi82 pu.
Therefore, the negative ceiling voltageeeds 140% of the rated field voltage.
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Figure 11: Positive Ceiling Voltage Test Result
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(c) Positive Ceiling Voltag& estat 160% rated field current

A similar test to theResponse ratio tesh PSS/E wasonductedto evaluate the positive ceiling voltage

starting at 160% of the rated field curreAtsystem consisting of a swing bus connected to generator GTG1

(or GTG2) through a step up transformer and awase created. At t=0, the field voltage (and field current) is
initialized to 160% of its rated value. At t=0.05, the voltage set poirgtisedt o r each the excit
ceiling voltage as quickly as possible. The response plot is sindvigurel12.

The rated field voltage (Efgl) was previously determined to be 2.43 pu and the positive ceiling voltage
attained was 5.47 pu. Therefore, the positive ceiling voltage exceeds 170% of the rated field voltage.

00908
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C. [ HOWW 2 §MN9 0433 1 =7NHI
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T

| oooe e

Q.0 ¢.60000 1.2000 1.8000 2.4000 3.0000
0.30000 0.90000 1.5000 2.1000 2.7000

TIME (SECONDS)

Figure 12: Positive Ceiling Voltage Test Result

(d) Open CircuitResponse Tim&ests

Opencircuit testsusing PSS/Bvere conductetb evaluate the voltage response tiimethe proposecexciter.

The generator is initialized to rated terminal voltage on an open cirétit. = 0, the voltage set point is
increased or reduced by 5% t o eTleardspoase glotstassaciatedwithi t e r
the open circuit test are shownRigure1l3 and Figure 4. The initial open circuit voltage (Efd is 1.04pu.

Basedon the Market Ruleequirement, for the +5% step response, the field voltage is required to reach 2
EfdyratedWithin:

RTocpos= 50* (195 Efthaeq- Efdoc )/ (195 Efthated- Efthated) = 80.1ms

and for the5% step response, the field voltageequired to reacH. .4 By aeqWithin:
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RTocnes = 50* (1.28 Efthated+ Efthe )/ (1.28 Efthawea+ Efthaed) = 37.4ms

Figure13 showsthatthe field voltage is able to reach a positive ceiling value of 5.7 pu, which is great@r than
Efd.rates Within 15 ms, thus meeting tidarket Rulerequirement.
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| o

Figure 13: Open Circuit Response Timd Positive Ceiling Test Result

Figure X4 shows thathe field voltage is able to reach a negative ceiling valud.8fpu, which is greater than
-1.4Eq raeg Within 5 ms, thus meeting tharket Ruie requirement.
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Figure 14: Open Circuit Response Tim& Negative Ceiling Test Result

The results show that based on the initial data proyithedGlr G1 andGTG2 exdters will meet the
Market Rulerequirements.

3.5.2 Governor Response

The GT'G1 and @ G2 speed governors musieet the requirements outlined in Refereaod Appendix4.2 of
the Market Rules In particular, the governor must have a permanent speed droop that can be set in the range
between 3% and 7% and the irttenal dead band muabt be wider than £36 mHz (+0.06§%

A governor response test using PSS/E was completethégproposed GG1 (or GI'G2) governor and is
shownin Figure 5.

It can be observed in the plot that the governing unit presented well danspedse. The calculated droop
was approximately 5.15%. No intentional frequency dead band is added to the proposed governor model.
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Figure 15: Governor Response Test Result

The results show that based on the initial data provide@T G1 andGTG2 governors will meet thi
Market Rules requiremesnfter the droop is set to 4%.

3.5.3 Power System Stabilizer

The power system stabilizer (PSS) shall, to the practicable extent, be tuned to increase damping torque with
reducing synchronizintprque.

The generator pesfmance with and without PSS service following a severe disturbance on the power
systemand following the loss of large generation usmie compared ifrigure 16and 17 respectivelyThe
disturbance is a-Bhase fault ortircuit H26C at Cherrywoodand the generation loss is a single Darlington
unit.

It can be observed thtte swing magnitudes are reduced and angle stability asnesg) faster when the PSS is
in service.
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-End of Section
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4. Short Circuit Assessment

Fault level studies were compet by Hydro One to examine the effecttié Oshawa Cogen Plaoh fault
levels at existing facilities in the vicinity of the proposed connection poiie following base conditions
were assumed for the combined short circuit analysis:

Generation FacilitiesIn Service

e All hydraulic generation o GTAA
Niagara, South West, West Zones * Sithe Goreway GS

_ e Portlands GS
* 6 Nanticoke e Halton Hills GS
. é I'_at:?btog ) e Kingston Cogen
° rignton beac e TransAlta Douglas
e Greenfield Energy Centre e Wolf IslandWGS

St. Clair Energy Centre
: East V\;indsorggogen NorthwestNortheast Zones
e TransAlta Sarnia * 1 Atikokan
e Imperial Ol * 2 Thunder Bay
« Thorold GS e NP Iroquois Falls
e Erie Shores WGS e AP Iroquois Falls
e Kingsbridge WG * f'\r/b'a”d Lake .
e Amaranthl & Il WGS . est Coast (G2)
« Ripley WGS e Lake Superior Power
e UnderwoodWGS e Terrace Bay Pulp STG1
e Kruger Port AImawGSs * Prince | &1l WGS
Central, East Zones Bruce Zone .
e 8 Bruce units
e 6 Pickering units e 4 Bruce B Standby Generators
e 4 Darlington units
e 4 Lennox units
New and Modified GenerationFacilities:

e Byran Wind Farm e Greenfietl South GS
e Greenwich Wind Farm e York Energy Centre
¢ Gosfield Wind Project ¢ Island Falls
e Kruger Energy Chatham Wind Project e QOakville Generating Station
¢ Raleigh Wind Energy Centre e Becker Cogeneration
e Talbot Wind Farm e New Post Creek GS
e Bruce Gland G2 835 MWeach e Mattagami Lake Dam
e Beck1lG9: 68.5 MVA e Wawatay G4
e All renewable projects awarded Fl

contracts

New TransmissionFacilities
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e Bruce x Orangeville 230 kV circuits tiated o Nanticoke and Detweiler SVCs

e Leaside TS to Birch JCT: Build new 1k%
circuit. Birch to Bayfield: Replace 115 k
cables.

¢ Uprate circuits D9HS, D10S and Q11S

° tcr:]gertmoggo-rﬁvtos%gﬁzﬂﬁs T(SéSSliQ/%ung e Porcupine TS2x125 MVAr shunt capacitors

C550VP) e Essa TS: 250 MVAr shunt capacitor
e Allanburg x Middleport 230 KV circuite ® Hanmer TS: 149 MVAr shunt capacitor
(Q35M and Q26M) installed e Pinard TS: 2x30 MVAr shunt capacitors

« Second 500kV BruceMilton doublecircuit ® UPPer Mattagami expansion
line in service

e Series capacitors at Nobel SS in each of
500 kV circuits X503 & X504E

e Porcupine & Kirkland Lake TS SVC

¢ Buchanan TSOne 250 M/Ar shunt capacitor

System Configuration

e Buses operatedpen: Lambton TS 230 kV, e All capacitors in service
Claireville TS 230 kV, Leaside TS 230/k e All tie-lines in service and phase shifters
Leaside TS 115 kV, Middleport TS 230 k' neutral taps
Hearn SS 115 kV, Napanee TS 230 } e Maximum voltages on the buse
Richview 230 kV, Cherrywood TS north &
south 230kV buses

Table7 summarizes the prajeed fault levels at key stationgarthe Oshawa Cogen Plawith the facility in
and out of servicerault levels at Richview and Leaside are marginally higher with the Oshawa CogeimPla
service, however all fault currents remain within breaker interrupting capability.

Table 7: Fault Levels at Stationsnear the Oshawa Cogen Plant

Lowest Symmetrical Lowest Asymmetrical
Symmetrical Fault Asymmetrical Fault
Circuit Breaker Circuit Breaker Rating
Current (kA)* Current (kA)*
Rating (kA) (kA)
3-Phase L-G 3-Phase L-G 3-Phase L-G 3-Phase L-G

System withOshawa CogerPlant Out of Service

Cherrywood North
478 484 63.1 63.7 60 63 70.2 72.6
230 kVDK1

Havelock4/7 30 kV 5.0 4.8 5.6 5.6 40 40 42.1 42.1

System withOshawa Cogen Plantn Service

Cherrywood North
50.0 502 65.4 65.8 60 63 70.2 72.6
230 kV DK1

Havelock4/7 230 kV 5.0 4.9 5.6 5.6 40 40 42.1 42.1

The results iMrable7 show that fault levelmcreasewith the addition othe Oshawa Cogen Plahbwever
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interrupting capabilities of thewestrated circuit breakerare not exceeded

-End of Section
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5. System Impact Assessment

The technical studies focused onnti/ing the impact of the new generagistation on the reliability of the
IESO-controlled grid.The SlAincludes

e A thermal loading assessment tife 230 kV transmission linesast of Cherrywood connecting to
Havelock and Hinchinbrooke

¢ A system voltagperformancenalysisn the Cherrywood x Lennox corridor

¢ A transient stability assessment of the proposed and major surrounding generation units

¢ A relaymarginanalysisfor the tapped circuit to ensure out of zone tripping does not occur

5.1 Study Assumptions
Thesummer2013base caseas usedvith the following assumptions:

¢ Transmission facilitie§ All existing andcommittedtransmission facilities with 23 in servicedates or
earlier were assumed in servigecluding500kV BruceMilton doublecircuit line.

e Generation facilitie$ All existing anccommittedgeneration facilities were assumed in service
e Systemoadi A load 0f26,875MW with a load power factor of 93.

e Equipment Ratings: Continuous aadhergencyatingswere provided by the equipmeiwner. Circuit
thermal ratingsisedfor 230 kV circuitsin the Oshawa Cogen Plawicinity aresummarized ifTable8.
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Table 8: Circuit Thermal Ratings

. — Max Operating| Continuous® LTE® 15-MIN STE®
Temperature (A,MVA) (A,MVA) (A,MVA)

H24C1 Havelock to Cherrywood
Cherrywood TS to Whitby JCT |1843.2 kemil 72/7|  127°C 1350 | 549.5 | 1800|732.6| 2170 | 883.2
Whitby JCT to Columbus JCT [1843.2 kemil 72/7|  127°C 1350 | 549.5 | 1800|732.6| 2170 | 883.2
Columbus JCT to Oshawa JCT|1843.2 kemil 72/7|  127°C 1350 | 549.5 | 1800| 732.6| 2170 | 883.2
Oshawa JCT to Marine JCT 795 kemil  54/7] 82°C 720 293 | 720 | 293 | 720 293
||Marine JCT to Havelock TS | 795 kemil ~ 54/7 82°C 720 | 293 | 720 | 293 | 720 | 293
H26C 1 Havelock to Cherrywood
Cherrywood TS to Whitby JCT [1843.2 kemil 72/7  127°C 1350| 549.5 | 1800(732.6| 2170 | 883.2
Marine JCT to Havelock TS | 795 kemil ~ 54/7 71°C 590 | 240 | 590 | 240 | 590 | 240
||BZ3C‘|‘ Belleville to Cherrywood
||Cherrywood TS to WhitbyQT  |1843.2 kemil 72/7|  127°C 1350| 549.5 | 1800|732.6| 2170 | 883.2
"Pancake JCT to Belleville TS | 795 kemil  26/7 149C 840 | 341.8 | 1090|443.6| 1400 | 569.8
||H23B'|' Hinchinbrooke to Belleville
||Be||evi||e TS to Pancake JCT | 795 kemil  26/7 100°C 840 | 341.8 | 900 |366.3] 920 | 374.4
||H27H T Hinchinbrooke to Havelock
"Havelock TS to BnnockbumICT| 795 kemil  54/7 82°C 720 | 293 [720| 293 | 720 | 293
Eﬁ]”cnh?ﬁgfgo’*fgyo 12775 kemil 42/]  82°C 940 | 382.5 | 940| 382.5| 940 | 3825

Note:
(€Y

operating temperature or individual sag temperature if lower.

(b)

maximum operating temperature or individual sag temperature if lower.

©

temperature, 4 km/hr wind \aity andindividual sag temperature.

5.2

Area Load Forecasting

Continuousratings are basl ona 235kV voltage, 38C ambient temperature, 4 km/hr wind velocity am@®3°C maximum
Long term emergendi TE) ratingsare based oa 235kV voltage, 35C ambient temperaturd km/ir wind velocity and a27°C

15-Min short time emergenc{STE) ratingsare based oa 235kV voltage, pre-load equal to continuous ratin@s°C ambient

Forecasted load values for stations supplied by H24C, H26C, B23C, H27H and H23B were protgdmby
Oneand are listed in Tablet®elow. Load values for 2012 were used as this is the expéatwatvice year for
the first unit, GTG1. Gerdawadwas assumed to be at 0 Ma¥ it is a dispatchabfacility and has typically
been otiof service during high demand/priperiods.

32
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Table 9: Area Load Forecast

RV Peak Forecast Load
2011(MW) 2012(MW) 2013(MW)
Wilson TS #1 (T1/T2) 144 147 149
Wilson TS #2 (T3/T4) 100 106 112
Thornton TS 144 144 144
Oshawa GM 75 80 80
Atlantic Packaging 0 0 0
Otonabee TS 44 kV 72 72.5 73
Otonabee TS 28 kV 57 57.5 58
Whitby TS #1 177 177 177
Whitby TS #2 44 kV 74 74 74
Whitby TS #2 28 kV 29.5 30.2 315
Gerdau 100 100 100
Cherrywood TS 167 167 167
Belleville TS 152 152 152
Total 1291.5 1307.2 1317.5
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5.3 Thermal Loading Assessment

This section coverthe investgation d theloading capability othe Cherrywood to Hinchinbrooke/Havelock
corridors with the incorporation of the Oshawa Cogen Plaaying particular attention to the 230 kV tap
circuit H24C A power flow analysis was performeshdersummerpeak load condities for all elements in
serviceusingrecognized single and douldéement contingencie$he criteria applied in assessing the thermal
loading capabilit of the 230 kV circuitsvas

e With all elements inservice, loading orall equipmentshall bewithin thdar associateccontinuous
ratings, and

e For singleand double element contingencgig®stcontigency equipment loadingshall not exceed
thdr long term emergency ratiag

The flow on the Cherrywood to Hinchinbrook/Havelodorridor and specifically H24Qs significantly
affected by theTransfer East from Cherrywood (TEC) interface fldw order to stress the circgiin both
directions two scenarios were consideramhe with a high TEGlow and one with a negative TE@w. The
scenario details atestedin Table10 below:

Table 10: Transfer East from Cherrywood interface flow Scenarios

Scenario # TEC Flow (MW)
Scenario 1 1820
Scenario 2 -1456

5.3.1 Pre-contingency Thermal Analysis

Table 1L summarize the pre-contingencyload flow resilts before and after the integration of the Oshawa
Cogen Plantor Scenario 1
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Table 11: Circuit Loading Before and After Integration of the Oshawa Cogen Planti Scenario 1

Equipment Before Oshawa Cogen Plant After Oshawa Cogen Plant
Name Continuous | Continuous Continuous | Continuous
Flow (A) Rating (A) Rating % Flow (A) Rating (A) Rating %

H24C (CHxWH) 773 1350 57.3 328 1350 24.3
H24C (WHxCO) 652 1350 48.3 225 1350 16.7
H24C(COx09 393 1350 29.1 464 1350 34.4
H24C (OSxMA) 259 719 36.0 308 719 42.8
H24C (MAxHA) 115 719 16.0 151 719 21.0
H27H (HAXBN) 90 719 12.5 102 719 14.2
H27H (BNxHI) 77 940 8.2 90 940 9.6
H26C (CHXWH) 497 1350 36.8 336 1350 24.9
H26C (MAXHA) 220 590 37.3 229 590 38.8
B23C (CHxXWH) 738 1350 54.7 741 1350 54.9
B23C (PAXBE) 218 840 26.0 206 840 24.5
H23B (BExPA) 148 840 17.7 147 840 17.5

Scenario lresuls show thatthe flow east from Cherrywogdhe TEC flow directionpn circuit H24Cis
reduced by almost 60% with ti@shawa CogePlant inservice Theflows on sections east of Columbus JCT
are increased by 20%; however those sections remain loaded below 50% of their continuougheafiog
east from Cherrywood on circuit H26C is reduced by about 12% with the remaneiagrcuit flows stayirgy
fairly constant.

Figure B and Figure Qillustrate the corresponding H24C results.
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Figure 18: Load Flow Diagrami Before integration of Oshawa Cogen under high TEC flow condition (Scenario 1).
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Figure 19: Load Flow Diagrami After integration of Oshawa Cogen under high TEC flow condition (Scenario 1).
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Table 12 summarizes the prentingency load flow results before and after the integration of the Oshawa
Cogen Plant for Scenario 2.

Table 12 Circuit Loading Before and After Integration of the Oshawa Cogen Planti Scenario 2

. Before Oshawa Cogen Plant After Oshawa Cogen Plant

Equipment

Name Continuous | Continuous Continuous | Continuous

Flow (A) Rating (A) Rating % Flow (A) Rating (A) Rating %

H24C (CHxWH) 351 1350 26.0 222 1350 16.4
H24C (WHxCO) 255 1350 18.9 300 1350 22.2
H24C(COx09 212 1350 15.7 181 1350 13.4
H24C (OSxMA) 271 719 37.7 228 719 31.7
H24C (MAxHA) 445 719 61.9 410 719 57.0
H27H (HAXBN) 473 719 65.8 438 719 60.9
H27H (BNxHI) 473 940 50.3 437 940 46.5
H26C (CHXWH) 131 1350 9.7 65 1350 4.8
H26C (MAXHA) 167 590 28.3 161 590 27.3
B23C (CHxWH) 329 1350 24.4 328 1350 24.3
B23C(PAXBE) 227 840 27.0 226 840 26.9
H23B (BExPA) 514 840 61.2 513 840 61.1

Scenarid@ results show thawith the Oshawa Cogen Plant in servite flows on circuit H24C areeducecdbn

all sections except the WhitkdCT to Columbus]CT. Prior to the integration of the Oshawa Cogen Pl4uat, t
flow from Cherrywood on H24C was tdiag eastward while the overall TEC flow was heading west
(negative TEC). With the Oshawa Cogen Plant in sentle flows from Cherrywood and Havelock onto
H24C were reduced (reversed in the case for Cherrywood) resulting in the section from WhithymbuSo
JCT incurring a flow increase of 20%; well below its continuous rating.

Figure20 and Figure?l illustrate the corresponding H24C results.
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Figure 20: Load Flow Diagrami Before integration of Oshawa Cogen under negativEEC flow condition (Scenario 2).
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Figure 21: Load Flow Diagrami After integration of Oshawa Cogen under negative TEC flow condition (Scenario 2).
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5.3.2 Post-contingency Thermal Analysis

The sngle and doublelementcontingencies siulated to streshe Cherrywood to Hinchinbrook/Havelock corridor and specifically Harelisted
in Table 13Pre and postontingency flows are summarizedTiable 14and Table 15 for Scenarios 1 and 2 respectively

Table 13 Simulated Contingenciedor Load Flow Analysis

Single Contingencies Double Contingencies

B23C X520B + X521B

C25H Lennox KL520 Beaker Failure (BKF)
H23B

H26C

H27H

Finali August 9", 2011 CAA ID 2008333 41



System Impact Assessment IESO_REP_0739

Table 14: Pre and PostContingency Circuit Loading i Scerario 1

g ; Lennox X520B +
Circuit Pre-Contingency Information KL520BKE Loss of B23C | Loss of C25H| Loss of H23B | Loss of H26C | Loss ofH27H X521B
Section Pre Cont LTE Post Post Post Post Post Post Post
Name flow | Rating | Rating | % Flow | % Flow | % Flow | % Flow | % Flow | % Flow | % Flow | %
A | » (A) Cont | (A) | LTE | (A LTE | (A) | LTE | (A |[LTE | @A) [LTE @A) |LTE | (@A) |LTE

H24CCHxWH | 328 | 1350 1800 243 | 461 | 256 | 431 | 239 |407 | 226 |404 | 224 |632 |351 |416 |23.1 496 | 27.6

H24CWHxCO | 225 1350 1800 16.7 | 327 18.2 | 297 16.5 | 281 15.6 | 270 15.0 | 365 20.3 | 288 16.0 360 20.0

H24CCOxOS | 464 1350 1800 34.4 | 508 28.2 | 472 26.2 | 471 26.2 | 442 24.6 | 445 24.7 | 448 24.9 546 30.3

H24COSxMA | 308 | 720 720 42.8 | 357 | 496 | 322 447 |316 |439 | 289 |40.1 |]298 |414 | 287 |39.9 392 54.4
H24CMAxXHA | 151 720 720 21.0 | 198 | 275 | 162 225 | 146 | 20.3 | 127 176 | 136 18.9 |99 13.8 228 317
H27HHAXBN | 102 720 720 14.2 | 133 18.5 | 106 14.7 | 100 139 | 93 129 |98 136 | O 0.0 154 | 214
H27H BNxHI 90 940 940 9.6 124 13.2 | 95 10.1 | 87 9.3 79 8.4 85 9.0 0 0.0 147 15.6
H26CCHxXWH | 336 1350 1800 249 | 455 | 253 | 438 243 | 241 134 | 427 237 |0 0.0 429 23.8 489 27.2
H26CMAxHA | 229 590 590 38.8 | 242 |41.0 | 229 |388 |19 3.2 221 [ 375 |0 0.0 224 | 38.0 275 | 46.6
B23CCHxXWH | 741 1350 1800 549 | 787 437 |0 0.0 739 | 411 |884 |49.1 | 740 |411 | 735 |408 823 | 45.7
B23CPAXBE | 206 | 840 1090 245 | 267 245 |0 0.0 218 | 200 | 383 |351 |219 |201 |?216 19.8 297 27.2
H23BBEXPA | 147 840 900 175 ] 108 12.0 | 371 | 41.2 | 147 163 | O 0.0 146 16.2 | 149 16.6 81 9.0
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Table 15: Pre and PostContingency Circuit Loading i Scenario 2

" : Lennox X520B +
Circuit Pre-Contingency Information KL520BKE Loss 0ofB23C | Loss of C25H | Loss ofH23B | Loss ofH26C | Loss ofH27H X521B
Section Pre Cont LTE Post Post Post Post Post Post Post
Name flow | Rating | Rating | % Flow | % Flow | % Flow | % Flow | % Flow | % Flow | % Flow | %
(A) (A) (A) Cont | (A) LTE | (A) LTE | (A) LTE | (A) LTE | (A) LTE | (A) LTE (A) LTE

H24CCHxXWH | 222 1350 1800 16.4 | 255 14.2 | 231 12.8 | 218 12.1 | 248 13.8 | 253 14.1 | 215 11.9 255 14.2

H24CWHxCO | 300 1350 1800 22.2 | 344 19.1 | 313 174 ] 299 16.6 | 333 185 | 251 139 | 121 6.7 347 19.3

H24CCOxOS | 181 1350 1800 134 | 220 |12.2 1194 |108 | 190 |10.6 | 211 11.7 | 193 | 10.7 | 287 15.9 228 12.7

H24COSxMA | 228 | 720 720 31.7 | 282 39.2 | 246 | 342 | 238 [331 |271 |37.6 | 248 | 344 | 150 20.8 288 | 40.0
H24CMAxHA | 410 | 720 720 57.0 | 476 |66.1 | 434 | 603 | 414 | 575 | 465 646 | 423 |58.8 | 38 5.3 478 66.4
H27HHAXBN | 438 | 720 720 60.9 | 504 | 70.0 | 462 64.2 | 442 614 |494 | 686 | 451 [626 | O 0.0 506 70.3
H27H BNxHI 437 940 940 46.5 | 503 | 535 | 461 | 49.0 | 442 | 47.0 | 493 524 | 451 480 |]O 0.0 505 53.7
H26CCHxXWH | 65 1350 1800 4.8 54 3.0 62 3.4 192 107 | 59 3.3 0 0.0 91 51 47 2.6

H26CMAXHA | 161 590 590 273 | 173 | 293 | 162 275 |19 3.2 168 285 |0 0.0 167 28.3 194 | 32.9
B23CCHxWH | 328 1350 1800 24.3 | 295 164 | O 0.0 326 18.1 | 762 | 423 | 327 18.2 | 303 16.8 297 16.5
B23CPAXBE | 226 | 840 1090 269 | 280 | 257 |0 0.0 229 | 21.0 | 299 274 1229 |21.0 | 265 24.3 283 26.0
H23BBExXPA | 513 | 840 900 61.1 | 569 |63.2 | 290 |322 |516 |573 |0 0.0 515 | 57.2 | 552 61.3 573 63.7

The load flow results indicate thidtte power flows on all transmissi circuit sectionsrewell below their associated cimuous ratings for both pre
and postcontingency conditions, for both scenarios 1 and 2.
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54 Voltage Analysis

The voltage performance of the IE®Ontrolled grid due to the incorporation thfe Oshawa Cogen Plantas evaluated bgxamining if post
contingency voltage declines remain within criteria at various facilitigdse following criteria must be satisfied:

e The precontingency voltage on 230 kV buses cannot be less than 220 kV;

e The postcontingency voltage on 230 kV buses cannot be less thak\v2@nhd
e The voltage drop following a contingency cannot exceed 10%JpieC and 10% posULTC.

The samewo scenarios described in Table 10 were considered, one with a high TEC flow and one with a negative TEC flow. Simulations were
performed before and eaft the integration of the Oshawa Cogen Plant to identify the impact of the Oshawa Cogen plant on the system voltage
performance.

The three most critical contingencies simulated were the loss of circuit H23B, circuit H27H and simultaneous loss of KE23QBEaT he results
for contingeng analysisare simmarized in Table 16 and Table 17 for Scenario 1,Tafde 18 and Table 1f®r Scenario 2

Table 16: System Voltage Performancé Scenario 1 without Oshawa Cogen Plant

Pre-Contingency Loss of H23B Loss of H27H X520B + X521B
Bus Name High Low Pre Post Pre Post Pre Post

Pre kv kv kV Pre | kV Post | ULTC ULTC kV Pre | kVPost | ULTC | ULTC | kVPre | kVPost | ULTC ULTC
kv limit limit ULTC | ULTC o (% p( %) | ULTC | ULTC o (9 (JULTC | ULTC o (%o (%
Oshawa Cogen| 242.3 250 220 242.2 242.2 0.0 0.0 241.1 241.1 -0.5 -0.5 238.4 239.8 -1.6 -1.0
Havelock 241.0 250 220 241.1 241.2 0.0 0.1 232.0 232.1 -3.7 -3.7 232.8 235.6 -3.4 -2.2
Belleville 243.6 250 220 223.0 229.6 -8.5 -5.7 244.1 244.1 0.2 0.2 233.7 237.7 -4.1 -2.4
Hinchinbrooke 246.8 250 220 247.1 247.2 0.1 0.2 247.5 247.5 0.3 0.3 236.4 240.2 -4.2 -2.7
Lennox 230 247.4 252 220 247.5 247.6 0.0 0.1 247.7 247.7 0.1 0.1 235.0 239.2 -5.0 -3.3
Cherrywood D1| 247.0 250 220 246.8 246.9 -0.1 0.0 246.7 246.7 -0.1 -0.1 244.0 245.0 -1.2 -0.8
Cherrywood D2| 246.8 250 220 246.6 246.7 -0.1 0.0 246.6 246.6 -0.1 -0.1 243.7 2447 -1.3 -0.9
Cherrywood D3| 246.3 250 220 245.5 245.7 -0.3 -0.2 246.2 246.2 0.0 0.0 243.0 244.1 -1.3 -0.9
Cherrywood D4 | 246.2 250 220 245.8 245.9 -0.2 -0.1 246.1 246.1 0.0 0.0 243.1 244.1 -1.3 -0.9

44 CAA ID 2008333 Finali August 9", 2011



System Impact Assessment Repo System Impact Assessment

Table 17: System Voltage Performancé Scenario 1 with Oshawa Cogen Plant

Pre-Contingency Loss of H23B Loss of H27H X520B + X521B
Bus Name High Low Pre Post Pre Post Pre Post
Pre kV kv kV Pre | kV Post | ULTC | ULTC kV Pre | kV Post | ULTC | ULTC | kV Pre | kV Post | ULTC ULTC
kV limit limit ULTC ULTC P(%) | P(%) ULTC ULTC (%) | Pp(%) | ULTC ULTC (%) (%)
Oshawa Cogen] 245.6 250 220 245.0 245.0 -0.2 -0.2 244.3 244.3 -0.5 -0.5 242.6 243.3 -1.2 -0.9
Havelock 241.9 250 220 241.8 241.9 0.0 0.0 233.5 233.6 -3.5 -3.4 234.4 236.5 -3.1 -2.2
Belleville 244.4 250 220 223.3 230.3 -8.5 -5.7 244.5 244.5 0.0 0.0 235.1 238.4 -3.8 -2.5
Hinchinbrooke 247.3 250 220 247.5 247.6 0.1 0.1 247.8 247.8 0.2 0.2 237.8 240.8 -3.8 -2.6
Lennox 23 247.9 252 220 247.9 248.0 0.0 0.0 248.1 248.1 0.1 0.1 236.6 239.9 -4.6 -3.2
Cherrywood D1| 247.7 250 220 247.4 247.4 -0.1 -0.1 247.3 247.3 -0.2 -0.2 244.9 245.6 -1.1 -0.8
Cherrywood D2| 247.4 250 220 247.1 247.1 -0.1 -0.1 247.1 247.1 -0.1 -0.1 244.5 245.2 -1.2 -0.9
Cherrywood D3| 246.7 250 220 245.8 246.1 -0.4 -0.2 246.6 246.6 0.0 0.0 243.7 244.5 -1.2 -0.9
Cherrywood D4| 246.7 250 220 246.2 246.3 -0.2 -0.2 246.5 246.5 -0.1 -0.1 243.8 2445 -1.2 -0.9

Table 18 System Voltage Pdormance 1 Scenario2 without Oshawa Cogen Plant

Pre-Contingency Loss of H23B Loss of H27H X520B + X521B

Bus Name High Low kV Pre | kV Post | Pre Post kV Pre | kV Post | Pre Post kV Pre | kV Post | Pre Post
Pre kv kv ULTC | ULTC ULTC | ULTC |ULTC | ULTC ULTC | ULTC | ULTC | ULTC ULTC | ULTC

kv limit | limit (V) (V) P) | p%) | (KV) (kV) P0) | p(%) | (KV) (kVv) P) | p(%)
Oshawa Cogen| 237.1 250 220 236.3 236.4 -0.3 -0.3 236.5 236.5 -0.3 -0.3 234.2 234.6 -1.2 -1.1
Havelok 236.2 250 220 235.1 235.2 -0.5 -0.4 229.9 229.9 -2.7 -2.7 232.9 233.2 -1.4 -1.3
Belleville 240.1 250 220 229.4 232.8 -4.5 -3.0 240.0 240.0 0.0 0.0 236.9 237.5 -1.3 -1.1
Hinchinbrooke 244.8 250 220 245.1 245.1 0.1 0.1 245.8 245.8 0.4 0.4 243.2 243.3 -0.7 -0.6
Lennox 230 246.4 252 220 246.1 246.1 -0.1 -0.1 246.4 246.4 0.0 0.0 245.3 245.4 -0.4 -04
Cherrywood D1] 242.1 250 220 241.4 241.5 -0.3 -0.2 241.6 241.6 -0.2 -0.2 239.4 239.8 -1.1 -1.0
Cherrywood D2] 241.9 250 220 241.2 241.3 -0.3 -0.2 241.4 241.4 -0.2 -0.2 239.2 239.6 -1.1 -1.0
Cherrywood D3] 242.7 250 220 242.0 242.1 -0.3 -0.2 242.3 242.3 -0.2 -0.2 240.5 240.8 -0.9 -0.8
Cherrywood D4| 242.5 250 220 241.9 242.0 -0.2 -0.2 242.1 242.1 -0.2 -0.2 240.3 240.6 -0.9 -0.8
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Table 19: System Voltage Performancé Scenario2 with Oshawa Cogen Plant

Pre-Contingency Loss of H23B Loss of H27H X520B + X521B
Bus Name High | Low kV Pre | kV Post | Pre Post kV Pre | kV Post | Pre Post kV Pre | kV Post | Pre Post
Pre kV kV ULTC ULTC ULTC ULTC ULTC ULTC ULTC ULTC | ULTC ULTC ULTC ULTC
kv limit | limit (V) (V) ) | p@) | (KV) (V) ) | p(%) | (KV) (kV) P) | p(%)
Oshawa Cogen| 2415 250 220 241.0 241.0 -0.2 -0.2 241.2 241.2 -0.1 -0.1 239.5 239.6 -0.8 -0.8
Havelok 237.9 250 220 237.0 237.0 -0.4 -0.4 232.3 232.3 -2.4 -2.4 235.0 235.1 -1.2 -1.2
Belleville 240.7 250 220 230.2 233.4 -4.4 -3.0 240.4 240.4 -0.1 -0.1 237.6 237.7 -1.3 -1.2
Hinchinbrooke 245.3 250 220 245.5 245.5 0.1 0.1 246.1 246.1 0.3 0.3 243.7 243.8 -0.7 -0.6
Lennox 230 246.7 252 220 246.4 246.4 -0.1 -0.1 246.6 246.6 0.0 0.0 245.6 245.6 -0.4 -0.4
Cherrywood D1| 243.0 250 220 242.4 242.4 -0.2 -0.2 242.6 242.6 -0.2 -0.2 240.5 240.7 -1.0 -0.9
Cherrywood D2| 242.7 250 220 242.1 242.1 -0.2 -0.2 242.3 242.3 -0.2 -0.2 240.2 240.3 -1.0 -1.0
Cherrywood D3| 243.2 250 220 242.4 242.5 -0.3 -0.3 242.8 242.8 -0.2 -0.2 241.0 241.1 -0.9 -0.9
Cherrywood D4| 243.0 250 220 242.4 242.5 -0.2 -0.2 242.6 242.6 -0.2 -0.2 240.8 241.0 -0.9 -0.8

Table 20: SystemVoltage Performancedue tolossof Oshawa Cogen Plant

Scenario 1 Scenario2
Pre-Contingency Loss of OshawaCogen Pre-Contingency Loss of OshawaCogen
Bus Name

High | Low kV Pre | kV Post | Pre Post High Low kV Pre | kV Post| Pre Post

Pre kv kv ULTC ULTC ULTC | ULTC Pre kv kv ULTC ULTC ULTC | ULTC

kv limit | limit (kV) (kV) (%) (%) kv limit limit (kV) (kV) P(%) | P((%)
Oshawa Cogeny 245.6| 250 220 2423 242.4 -1.3 -1.3] 2415 250 220 237.0 237.0 -1.9 -1.9
Havelock 241.9| 250 220 241.1 241.1 -0.3 -0.3] 237.9 250 220 236.1 236.1 -0.8 -0.8
Belleville 244.4| 250 220 243.7 243.7 -0.3 -0.3] 240.7 250 220 240.1 240.1 -0.2 -0.2
Hinchinbrooke 247.3| 250 220 246.9 246.9 -0.2 -0.2] 2453 250 220 244.7 244.7 -0.2 -0.2
Lennox 230 2479| 252 220 2475 2475 -0.2 -02 ] 246.7 252 220 246.4 246.4 -0.1 -0.1
Cherrywood D1| 247.7| 250 220 247.0 247.0 -0.3 -0.3] 243.0 250 220 242.0 242.0 -0.4 -0.4
Cherrywood D2| 247.4| 250 220 246.8 246.8 -0.2 -0.2] 2427 250 220 241.8 241.8 -0.4 -0.4
Cherrywood D3| 246.7| 250 220 246.3 246.3 -0.2 -0.2] 243.2 250 220 242.7 242.7 -0.2 -0.2
Cherrywood & 246.7| 250 220 246.2 246.2 -0.2 -0.2] 243.0 250 220 242.5 242.5 -0.2 -0.2
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The study results show that the incorporation of the Oshawa Cogen Plant improves the system voltage peafairtizatcds loss of the facility
does not have an adverse impact on system voltage.
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5.5 Transient Stability Performance

Transient stability simulations were completeddeterminef the power systerwill be transiently
stablewith the incorporation of the Oshawa Cagdelantfor recognized fault condition$n particular,

rotor anglesof generators athe Oshawa Cogen PlarRickering GS and Whitby CogenGS were
monitored Note that the results of the PIA showed that Zone 1 protections for circuit H24C are still
expeced to overlap, leaving no line section exposed to timed tripping.

The following contingenciesreresimulated assuminiypical high-speedault clearing times

¢ 3-phase fault 0230 kV circuit P8C at Cherrywoodith normal fault clearing time

e 3 phase faulbn 230 kV circuit H26C at Cherrywood with normal fault clearing time.
e 3 phase fault on 230 kV circuit B23C at Cherrywood with normal fault clearing.

e 3 phase fault on 230 kV circuit H23B at Belleville with normal fault clearing time.

e 3 phase fault on 230kcircuit H27H at Havelock with normal fault clearing time.

¢ Simultaneous lingo-groundfault on500 kV circuis X526B and X527B with normal fault
clearing time.

e Lineto-ground fault on 230 kV circuit P30C with delayed fault clearidggrrywood
L18L30 breaker failure).

Table 21 lists the protection timing for each of the aforementioned contingencies.

Table 21: Clearing Times for Simulated Contingencies

Local Remote Local Terminal | Remote Terminal
Contingency Terminal Terminal Trip Time Trip Time
B23C Cherrywood Belleville 83 ms 108 ms
Cherrywood Pickering/
L18L30 BKF Cherrywood Richview 177 ms 202 ms
H23B Belleville Hinchinbrooke | 83 ms 108 ms
H26C Cherrywood Havelock 83 ms 108 ms
H27H Havelock Hinchinbrooke | 83 ms 108 ms
P8C Cherrywood Pickering 83 ms 108 ms
X526B+X527B | Bowmanville | Lennox 66 ms 91 ms

The simulationresults are shown frorigure & to Figure £ in AppendixB. The rotor angle plots
show that the generators remain synchronized to the power system and thiooscéla sufficiently
damped postontingency.
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5.6 Relay Margin Analysis

Relay Margin Analysis was performeddetermine ifcircuit H24C will trip for out of zone faults due
to the addition of the Oshawa Cogen Plant. In order to accommodate the Oshawéd@aageHydro
One has proposed protection changes for circuit H24C as described ir2Zhblew.

Table 22 Proposed H24C Protection Changes

Existing Revised

Station Zone Reach (km) | Reach (km) Comments
1 100 56 Sett o cover up to 60% of
Cherrywood TS transformer. . .
2 200 240 Set atl25%o0f the maximum apparent impedance
seen for a fault at Havelock TS (194% of the line)
1 100 100 Unaltered.
Havelock TS
2 320 320 Unaltered.

The same contingencies listed in T@aB1 were simulated with the results shown from Figiréo2

Figure 3 in Appendix A. The Market Manual 7.4 Appendix B.3.2 requires tfatowing fault
clearance or the loss of an element without a fault, the margin on all instantaneous relays that affec
the integrity of thdESO-controlledgrid, be at least 20 percent.

The relay margin plots show that the trajectory on circuit H24C does not penetrate the relay
characteristic with a margin of greater than 20%, thereby meeting the Market Manual regjuaethe
verifying that circuit H24C will not trip for out of zone faults.

5.7 Finalized Data

The Oshawa Cogen Plaig required to provide finalized data from commissioning tests assoc
with the generator control systems to validate the models and datdgorde the IESO. These tes
must be performed and results be supplied to the IESO v@thdaysof in service date.

-End of Section
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Appendix A: Relay Margin Plots

The following section contains the H24C trajectory vs. H24C relay characteristicpdatsn
performing relay margin analysis

50

CAA ID 2008333 Finali August 9", 2011



System Impact Assessment Report

Appendix A: Relay Margin Plots
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Figure 33: H24C trajectory for CHWD L18L30 BKF -S2
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Figure 34: H24C trajectory for X526B+X527B fault-S1 Figure 35: H24C trajectory for X526B+X527B fault-S2
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