REPORT

IESO_REP_0751

8% -
6% ieso
Power to Ontario.
On Demand.

System Impact
Assessment

Report
15 MW Plant Expansion at Cardinal

CONNECTION ASSESSMENT &
APPROVAL PROCESS

Final Report

CAA ID 2011-432
Applicant: Cardinal Power of Canada LP
Market Facilitation Department

October 24, 2011



System Impact Assessment Report

Document ID IESO_REP_0751

Document Name System Impact Assessment Report
Issue Issue 1.0

Reason for Issue Final Report

Effective Date October 24, 2011




System Impact Assessment Report

System Impact Assessment Report

15 MW Plant Expansion at Cardinal

Acknowledgement

The IESO wishes to acknowledge the assistance dfdH®ne in completing this assessment.
Disclaimers

IESO

This report has been prepared solely for the perpbsissessing whether the connection
applicant's proposed connection with the IESO-adletl grid would have an adverse impact on
the reliability of the integrated power system arftether the IESO should issue a notice of
approval or disapproval of the proposed conneairater Chapter 4, section 6 of the Market
Rules.

Approval of the proposed connection is based asrindtion provided to the IESO by the
connection applicant and the transmitter(s) atithe the assessment was carried out. The IESO
assumes no responsibility for the accuracy or cetapkss of such information, including the
results of studies carried out by the transmitjea(she request of the IESO. Furthermore, the
connection approval is subject to further consitienadue to changes to this information, or to
additional information that may become availabterathe approval has been granted. Approval
of the proposed connection means that there asggndicant reliability issues or concerns that
would prevent connection of the proposed facilityiie IESO-controlled grid. However,
connection approval does not ensure that a prejdaheet all connection requirements. In
addition, further issues or concerns may be ideqdtify the transmitter(s) during the detailed
design phase that may require changes to equipchardcteristics and/or configuration to ensure
compliance with physical or equipment limitationswith the Transmission System Code,
before connection can be made.

This report has not been prepared for any othgyqaaér and should not be used or relied upon by
any person for another purpose. This report has peepared solely for use by the connection
applicant and the IESO in accordance with Chaptseedtion 6 of the Market Rules. The IESO
assumes no responsibility to any third party for ase, which it makes of this report. Any

liability which the IESO may have to the connectapplicant in respect of this report is

governed by Chapter 1, section 13 of the MarkeeRulln the event that the IESO provides a
draft of this report to the connection applicami ynust be aware that the IESO may revise drafts
of this report at any time in its sole discretiomhout notice to you. Although the IESO will use

its best efforts to advise you of any such chanijésthe responsibility of the connection
applicant to ensure that it is using the most regersion of this report.

HYDRO ONE

Special Notes and Limitations of Study Results

The results reported in this study are based oimthemation available to Hydro One, at the time
of the study, suitable for a System Impact Asseasiea new generation or load connection
proposal.
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The short circuit and thermal loading levels hagerbcomputed based on the information
available at the time of the study. These levedy fye higher or lower if the connection
information changes as a result of, but not limidsubsequent design modifications or when
more accurate test measurement data is available.

This study does not assess the short circuit omthidoading impact of the proposed connection
on facilities owned by other load and generatiokl(iding OPG) customers.

In this study, short circuit adequacy is assessgdfor Hydro One breakers and does not include
other Hydro One facilities. The short circuit rigssare only for the purpose of assessing the
capabilities of existing Hydro One breakers anahiifging upgrades required to incorporate the
proposed connection. These results should nosée i the design and engineering of new
facilities for the proposed connection. The neagsdata will be provided by Hydro One and
discussed with the connection proponent upon réques

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

The additional facilities or upgrades which areuiszf to incorporate the proposed connection
have been identified to the extent permitted byste8n Impact Assessment under the current
IESO Connection Assessment and Approval procesiglitidnal facility studies may be
necessary to confirm constructability and the tremuired for construction. Further studies at
more advanced stages of the project developmenideayify additional facilities that need to be
provided or that require upgrading.
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Executive Summary

Description

Cardinal Power of Canada LP (the Connection Apptice proposing to install Cardinal Power G3 (the
Project), a new 18.75 MVA gas turbine generatadmshe existing Canada Starch Operating Company
(CASCO) steam host located within its facility.heTinstallation of the new generator will add udfo

MW of generation alongside the existing 152 MVA gasl 71 MVA steam units at Cardinal Power. With
load at the steam host typically at 12 MW, CardiPaiver expects the CASCO facility to export at n®st
MW with the new generator to the IESO-controlledigi

The proposed in-service date for the new generainitis July 2013.

This assessment examined the impact of injecting BMW from the CASCO facility as a result of 15
MW of additional gas generation from Cardinal Powiarthe 115 kV circuits LIMB and L2M on the
reliability of the IESO-controlled grid.

The following conclusions and recommendations vderéved from the study results:
Findings

The analysis concluded that:
(1) The connection arrangement and equipment for thiegirare acceptable to the IESO.

(2) The system fault levels after the incorporatiomhef Cardinal Power G3 will not exceed the
interrupting capabilities of the existing breakensthe IESO-controlled grid near this facility.

(3) No pre-contingency overloads were identified inthermal analysis.

(4) In summer conditions with light loads, when the diaal Power facility may reach a maximum output
of 145 MW.

Under maximum Cardinal Power facility output andxineum embedded generation output at
Morrisburg TS and Chesterville TS, the loss of L1kBulted in L2M slightly exceeding its summer
long term emergency rating post-cardinal power agkb A manual re-dispatch of generation at
Morrisburg, Chesterville or Cardinal Power wouldrbguired to ensure L2M loadings are brought
under summer long term emergency ratings withimirfutes.

(5) In winter conditions with light loads, when the @iaal Power facility may reach a maximum winter
output of 196 MW, the post-contingency thermal gsialresulted in potential violation of the short
term emergency rating.

Under maximum Cardinal Power facility output andxineum embedded generation output at
Morrisburg TS and Chesterville TS, the loss of L1k&Bulted in L2M between St. Lawrence and
Lunenburg exceeding its winter short term emergeatiyig by 26 A or about 5 MW. If these
conditions occur, generation along L1MB and L2M magd to be curtailed pre-contingency to
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respect the thermal ratings.

(6) Cardinal Power G3 will need to be incorporated thi® existing Cardinal Power runback scheme and
the anti-islanding scheme at St. Lawrence TS.

(7) Based on study results performed under all elemergsrvice, it is anticipated that the Cardinal
Power runback scheme is classified as a Type BcBpProtection System

(8) The maximum voltage changes for the loss of theli@alr Power facility, or loss of L1MB, or loss of
L2M were found to be within the 10% pre and postfdlLaction limit.

Under the studied light load conditions and maxingeneration along L2M and L1MB, the St.
Lawrence 115 kV bus may need to be maintained ak¥2or less to ensure that voltages do not
exceed 127 kV post-contingency in the event ofdke of Cardinal Power facility for a fault on the
Cardinal A bus.

(9) During outages to Morrisburg T3 or Morrisburg Tdrtsformer, pre-contingency generation
curtailment may be required at both Cardinal Paavel embedded generation at Morrisburg TS to
prevent the potential over loading at the Dyno Nof@asformers due to circulating power as a result
of the tripping of AL1 or AL2 breakers.

(20) F
or the loss of either Cardinal AL1 or AL2 breakaisgculating flows exist at Morrsiburg. Under
maximum generation and minimum load conditionsistiith this report, Cardinal Power output may
need to be manually redispatched to 126 MW, podtadk, to respect the level of reverse power at
Morrisburg TS in the event of the loss of CardiAllL or AL2 breakers.

(11) Based on the information provided by the applict,excitation system and governor system meet
Market Rule requirements.

(12) The incorporation of Cardinal Power G3 does noseaany material adverse impact on the transient
performance of the IESO-controlled grid.

(13) The Protection Impact Assessment conducted byrginsmitter identified the following:

(&) No Hydro One protection hardware changes areinegjas a result of the Cardinal G3
expansion.

(b) No Hydro One protection setting changes are reduisea result of the Cardinal G3 expansion.

(c) No Hydro One telecommunication changes are requaisesl result the Cardinal G3 expansion.

(13) The connection applicant will be connectinghie St. Lawrence area, an area of the power
system that may experience congestiotinfgs, the connection applicant may be required to

curtail the level of generation within #gstem for reliability purposes
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IESO’s Requirements for Connection

Transmitter Requirements

The following requirements are applicable to Hy@nee for the incorporation of Cardinal G3:

(1) The transmitter is required to review the relayings of the 115 kV circuits LLMB and L2M at St.
Lawrence and any other circuits affected by the gemerator.

Modifications to protection relays after this Sk\finalized must be submitted to IESO as soon as
possible or at least six (6) months before any fizadions are to be implemented on the existing
protection systems. Mitigation solutions to addmdifications resulting in adverse impact on
reliability must be jointly developed with the ajmaint.

(2) The transmitter is required to work with the corti@capplicant to produce a Facility Description
Document for the Cardinal Power Runback Schemés ddcument must be provided to the IESO
during the Market Entry process.

(3) The transmitter is required to work with the cortietapplicant to incorporate Cardinal G3 into the
St. Lawrence anti-islanding scheme.

Connection Applicant Requirements

Specific Reguirements: The following specific requirements are applieata the applicant for the
incorporation of Cardinal G3. Specific requirengepertain to the level of reactive compensatiordade
operation restrictions, Special Protection Systempgrading of equipment and any project speciémi
not covered in the general requirements:

(1) A directly connected generating facility must have capability to inject or withdraw reactive
power continuously at its connection point. The ant®f reactive power required is up to
33% of its rated active power at all levels of eetpower output except where a lesser
continually available capability is permitted bytlESO. Since the CASCO facility will inject a
maximum active power of 3.0 MW, the CASCO facikitpuld be required to have the capability to
provide +1 Mvar of dynamic reactive power with Caed G3.

Based on simulations performed on data supplietthéwapplicant, the CASCO facility will be
capable of providing +1 Mvar of dynamic reactiveygo with Cardinal G3 controlling the 115 kV
voltage near the Cardinal Power H bus, and Casdeah3former controlling the 4.16 kV bus
voltage.

(2) The connection applicant is required to incorpo@aedinal G3 into the Cardinal Power runback
scheme.

(3) The connection applicant is required to work witydkb One to incorporate Cardinal G3 into the St.
Lawrence anti-islanding scheme.

(4) The connection applicant is required to work witpdkb One in producing Facility Description
Document containing the high level design functlatescription and timing for the Cardinal Power
runback scheme. This document must be providéuettESO during the Market Entry process.
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(4) Cardinal Power is required to provide real timenebtering of the Cardinal Power Runback Scheme
arming status.

(5) Under the studied system conditions, it has beemmenended that the Cardinal Power Runback
scheme is classified as Type Il SPS. If NPCCdifes the scheme to be Type | or if in the future,
changes in system conditions results in the SP®)lmassified as Type |, Cardinal Power will need
to satisfy NPCC Type | SPS criteria.

General Requirements: The connection applicant shall satisfy the applieabquirements and standards
specified in the Market Rules, Market Manuals dreTransmission System Code (TSC), North
American Electric Reliability Corporation (NERC)dhorth East Power Coordinating Council (NPCC)
standards. The following requirements summarizeesofithe general requirements that are applicable t
the proposed project, and presented in detaéation 2of this report.

D The generator shall regulate speed with an avetagm based on maximum active power
adjustable between 3% and 7% and set at 4%. Regutigadband shall not be wider than
+0.06%. A sustained 10% change of rated active paiter 10 s in response to a constant rate
of change of speed of 0.1%/s during interconnecpedtation shall be achievable.

(2) The proposed generator shall inject or withdravetiea power continuously as indicated in
(1) under the Specific Connection Applicant regueats above.

The proposed generator shall have the capabilitgdalate automatically voltage within +0.5%

of any set point within £5% of rated voltage atodnp whose impedance (based on rated apparent
power and rated voltage) is not more than 13% fitwerhighest voltage terminal. If the AVR

target voltage is a function of reactive outpue stopeAV/AQmax shall be adjustable to 0.5%.
The equivalent time constants shall not be lonigan 20 ms for voltage sensing and 10 ms for the
forward path to the exciter output. AVR referenoenpensation shall be adjustable to within 10%
of the unsaturated direct axis reactance on thesidge from a bus common to multiple units

3) The connection applicant shall ensure that thet@&imin system and power system stabilizer
satisfy the requirements of Appendix 4.2 of the k¢aRules.

(4) The connection applicant shall ensure that the rgéorehas the capability to provide short-time
capabilities specified in IEEE/ANSI 50.13 and cantius capability determined by either field
current, armature current, or core-end heating.eMestrictive limiting functions, such as steady
state stability limiters, shall not be enabled withIESO approval.

(5) The generation shall have the capability to ridedbh routine switching events and design
criteria contingencies assuming standard faultatiete, auxiliary relaying, communication, and
rated breaker interrupting times unless discondayeconfiguration.

(6) The connection applicant shall ensure that thekM&quipment is capable of continuously
operating between 113 kV and 127 kV. Protectivayialg must be set to ensure that transmission
equipment remains in-service for voltages betwetn 8f the minimum continuous value and
105% of the maximum continuous value specified ppéndix 4.1of the Market Rules.

@) The connection applicant shall ensure that the ection equipment is designed to be fully
operational in all reasonably foreseeable amb@mpterature conditions. The connection
equipment must also be designed so that the adetests of its failure on the IESO-controlled
grid are mitigated. This includes ensuring thatatuit breakers fail in the open position.

(8) The connection applicant shall ensure that the eguipment at the facility be designed to sustain
the fault levels in the area. If any future systenhancement results in an increased fault level
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higher than the equipment’s capability, the coninectapplicant is required to replace the
equipment at its own expense with higher rated ppgent capable of sustaining the increased
fault level, up to maximum fault level specifiedAppendix 2 of the Transmission System Code.

Fault interrupting devices must be able to intetrrgult currents at the maximum continuous
voltage of 127 kV.

Appendix 2 of the Transmission System Code stéi@sthe maximum rated interrupting time for
the 115 kV breakers must &5 cycles. Thus, the connection applicant shaluenghat the
installed breakers meet the required interruptiimg tspecified in the Transmission System Code.

The connection applicant shall ensure that the p@tection systems at the facility are designed
to satisfy all the requirements of the TransmissSgstem Code and any additional requirements
identified by the transmitter.

As currently assessed by the IESO, the facibtyhot part of the BPS and, therefore it is not
designated as essential to the power system.

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

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

The connection applicant shall ensure that thertelsy requirements are satisfied as per the
applicable Market Rules requirements. The determainaf telemetry quantities and telemetry
testing will be conducted during the IESO FaciRggistration/Market Entry process.

If revenue metering equipment is being installe@as of this project, the connection applicant
should be aware that revenue metering installatiomst comply with Chapter 6 of the IESO
Market Rules. For more details the connectioniappt is encouraged to seek advice from their
Metering Service Provider (MSP) or from the IESOteniag group.

The proposed facility must be compliant with apgltie reliability standards set by NERC and
NPCC that are in effect in Ontario as mapped irféHewing link:
http://www.ieso.ca/imoweb/ircp/orcp.asp

Cardinal Power is currently a restoration partiniparhe connection applicant is required to
update its restoration participant attachment ¢tuske details regarding its proposed project. For
more details please refer to the Market Manual D8tails regarding restoration participant
requirements will be finalized at the Facility R&tgation/Market Entry Stage.

The connection applicant must complete the IESGlifjaRegistration/Market Entry process in a
timely manner before IESO final approval for corti@tis granted.

Models and data, including any comtitblat would be operational, must be provided &lBESO

at least seven months before energization to tB®lEontrolled grid. This includes both PSS/E
and DSA software compatible mathematical modelsessmting the new equipment for further
IESO, NPCC and NERC analytical studies.

The connection applicant must also/ig® evidence to the IESO confirming that the emept
installed meets the Market Rules requirements aatims or exceeds the performance predicted
in this assessment. This evidence shall be eiypr tests done in a controlled environment or
commissioning tests done on-site. The evidence bristupplied to the IESO within 30 days after
completion of commissioning tests. If the submitteddels and data differ materially from the
ones used in this assessment, then further analiyge project will need to be done by the IESO.

10
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(16) The Customer Impact Assessment (CIA) report for pneposed facility has not yet been
finalized, and as such, this report does not irel@dA requirements. Final connection of this
project may also be subject to additional requireinespecified in the CIA performed by Hydro

One. If required, any additional requirements risglfrom the CIA will be included in an
Addendum to the Final SIA report.

Notification of Conditional Approval

The proposed connection of the 18.75 MVA Cardir@& G3 generator, operating up to 15 MW is

expected to have no material adverse impact oretlability of the IESO-controlled grid, subject tioe
requirements specified in this report.

It is recommended thatNotification of Conditional Approval for Conntan for the addition of the 18.75

MVA generation unit be issued to Cardinal PowerCainada LP, subject to the implementation of the
requirements outlined in this report.

11
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1. Project Description

Cardinal Power of Canada LP currently operatesiabare cycle gas cogeneration facility that consiéts
a 152 MVA gas unit (G1), a 71 MVA steam unit (G2 .cogeneration steam host, Canada Starch
Operating Company (CASCO) also exists within ite.sSiCASCO is connected to the Cardinal Power H
bus via a 115 kV/4.16 kV transformer, Casco T3e Tdad at CASCO load is relatively constant,
typically at 12 MW. Under cold weather conditiott® load can be 13 MW.

Cardinal Power is proposing expand it generatiegifia by installing a new 18.75 MVA simple cycle
generator unit within the CASCO load facility oreth.16 kV bus. The summer maximum continuous
rating (MCR) of this unit is expected to be 11.1 Mwhile the winter maximum continuous rating (MCR)
of this unit is expected to be about 15 MW.

The new generator will operate at base load aglatively high capacity, while the existing G1 a&d
output will depend on market signals. Cardinalv@Bhave a static excitation system and will ofiera
under voltage control mode.

The proposed in service date for the generationisiduly 2013.

— End of Section —

12
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2. General Requirements

The connection applicant shall satisfy the appleabquirements and standards specified in the &tark
Rules, Market Manuals and the Transmission SystedeCT he following sections highlight some of the
general requirements that are applicable to thpgeed project.

2.1 Frequency/Speed Requirements

As per Appendix 4.2 of the Market Rules, the cotioecapplicant shall ensure that the generatioititiac
has the capability to operate continuously betwE®d Hz and 60.6 Hz and for a limited period ofdim

the region above straight lines on a log-lineatesdafined by the points (0.0 s, 57.0 Hz), (3.8%0 Hz),

and (300 s, 59.0 Hz), as shown in the followingifey
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The facility has to have the capability to regulspeed with an average droop based on maximumeactiv
power adjustable between 3% and 7% and set at 486untherwise specified by the IESO. Regulation
deadband shall not be wider than + 0.06%. Speedl ble controlled in a stable fashion in both
interconnected and island operation. A sustainéd ébange of rated active power after 10 s in respon
to a constant rate of change of speed of 0.1%/aglimterconnected operation shall be achievablee D
consideration will be given to inherent limitatiosach as mill points and gate limits when evalwatin
active power changes. Control systems that inigimternor response shall not be enabled without IESO
approval.

2.2 Reactive Power/Voltage Regulation Requirements

The generation facility is directly connected tee tHESO-controlled grid, and thus, the connection
applicant shall ensure that the facility has theatdity to:

» Inject or withdraw reactive power continuously (idynamically) at a connection point up to 33% of
its rated active power at all levels of active powetput except where a lesser continually ava#iabl
capability is permitted by the IESO. If necessasfyunt capacitors must be installed to offset the

13
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reactive power losses within the facility in exce$the maximum allowable losses. If generators do
not have dynamic reactive power capabilities, dyicareactive compensation devices must be
installed to make up the deficient reactive power;

* Regulate automatically voltage within +0.5% of a®t point within £5% of rated voltage at a point
whose impedance (based on rated apparent powenatedl voltage) is not more than 13% from the
highest voltage terminal. If the AVR target voltage a function of reactive output, the slope
AV/AQmax shall be adjusted to not more than 0.5%. Tluévalent time constants shall not be longer
than 20 ms for voltage sensing and 10 ms for thwefad path to the exciter output. AVR reference
compensation shall be adjustable to within 10%hef unsaturated direct axis reactance on the unit
side from a bus common to multiple units.

Please refer t&ection 6.60f this report for specific reactive power and &gk regulation requirements
for this project.

2.3 Control Systems Requirements

The connection applicant shall ensure that thergeina facility has the capability to:

» Provide (a) Positive and negative ceilings not thas 200% and 140% of rated field voltage at
rated terminal voltage and rated field current; Abpositive ceiling not less than 170% of rated
field voltage at rated terminal voltage and 160%abéd field current; (c) A voltage response time
to either ceiling not more than 50 ms for a 5% stlepnge from rated voltage under open-circuit
conditions; and (d) A linear response between nggli Rated field current is defined at rated
voltage, rated active power and required maximuntioaous reactive power.

* Provide (a) A change of power and speed input gardition; (b) Positive and negative output
limits not less than +5% of rated AVR voltage; R)ase compensation adjustable to limit angle
error to within 30° between 0.2 Hz and 2.0 Hz unctanditions specified by the IESO, and (d)
Gain adjustable up to an amount that either ineeaamping ratio above 0.1 or elicits exciter
modes of oscillation at maximum active output uslesherwise specified by the IESO. Due
consideration will be given to inherent limitations

2.4 Short-time Capabilities Requirements

The connection applicant shall ensure that theliiadnas the capability to provide short-time
capabilities specified in IEEE/ANSI 50.13 and coobtus capability determined by either field
current, armature current, or core-end heating.eMestrictive limiting functions, such as steadtest
stability limiters, shall not be enabled withouS& approval.

2.5 Voltage Ride Through Requirements

The generation facility shall have the capabilyride through routine switching events and design
criteria contingencies assuming standard faultafiete, auxiliary relaying, communication, and rated
breaker interrupting times, unless disconnecteddnfiguration.

14
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2.6 Voltage Requirements

Appendix 4.1 of the Market Rules states that umsegmal operating conditions, the voltages in th 11
kV system in southern Ontario are maintained witiie range of 113 kV to 127 kV. Thus, the IESO
requires that the 115 kV equipment in southern imtaust have a maximum continuous voltage rating
of at least 127 kV.

Protective relaying must be set to ensure thatsingsion equipment remains in-service for voltages
between 94% of the minimum continuous

2.7 Connection Equipment Design Requirements

The connection applicant shall ensure that the ection equipment is designed to be fully operatliama
all reasonably foreseeable ambient temperatureitimmel The connection equipment must also be
designed so that the adverse effects of its faibr¢he IESO-controlled grid are mitigated. Thislides
ensuring that all circuit breakers fail in the oppersition.

2.8 Fault Levels Requirement

The Transmission System Code requires the new eguipto be designed to sustain the fault levetbén
area where the equipment is installed. Thus, timection applicant shall ensure that the new egeim
at the facility is designed to sustain the faukels in the area. If any future system enhancemsesuits in

an increased fault level higher than the equipnsea@pability, the connection applicant is requited
replace the equipment at its own expense with highted equipment capable of sustaining the inexkas
fault level, up to maximum fault level specified time Transmission System Code. Appendix 2 of the
Transmission System Code establishes the maximulnléaels for the transmission system. For the 115
kV system, the maximum 3 phase and single lingdamd symmetrical fault levels are 50 KA.

Fault interrupting devices must be able to interfaplt currents at the maximum continuous voltafe
127 kV.

2.9 Breaker Interrupting Time Requirement

Appendix 2 of the Transmission System Code stéi@isthe maximum rated interrupting time for the
115 kV breakers must be 5 cycles. Thus, the connection applicant shallenshat the installed
breakers meet the required interrupting time sptih the Transmission System Code.

2.10 Protection System Requirements

The connection applicant shall ensure that theeptmn systems are designed to satisfy all the
requirements of the Transmission System Code asfiggein Schedules E, F and G of Appendix 1 and
any additional requirements identified by the traitter. New protection systems must be coordinated
with the existing protection systems.

15
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Facilities that are essential to the power systamtrbe protected by two redundant protection system
according to section 8.2.1a of the TSC. Thesendalut protections systems must satisfy all requergm

of the TSC, and in particular, they must not usemon components, common battery banks or common
secondary CT or PT windings. As currently assegsetthe IESO, this facility is not on the currentlBu
Power System list, and therefore, is not considesskntial to the power system. In the futurethas
electrical system evolves, this facility may becgld on the BPS list.

The protection systems within the generation fgcitiust only trip the appropriate equipment requite
isolate the fault. After the facility begins commiat operation, if an improper trip of the 115 kWctiits
L1MB or L2M occurs due to events within the fagiithe facility may be required to be disconnected
from the IESO-controlled grid until the problenrésolved.

The autoreclosure of the high voltage breakerseatbnnection point must be blocked. Upon its amgeni
for a contingency, the high voltage breaker mustlbsed only after the IESO approval is granted.

Any modifications made to protection relays by tihansmitter after this SIA is finalized must be
submitted to the IESO as soon as possible or at &a (6) months before any modifications are ¢o b
implemented on the existing protection systems.thdfse modifications result in adverse impacts, the
connection applicant and the transmitter must agvelitigation solutions

2.11 Telemetry Requirements

If applicable according to Section 7.3 of Chaptesf4he Market Rules, the connection applicantlshal
provide to the IESO the applicable telemetry dagted in Appendix 4.15 of the Market Rules on a
continual basis. The data shall be provided in \twe with the performance standards set forth in
Appendix 4.19, subject to Section 7.6A of Chaptef the Market Rules. The data is to consist ofater
equipment status and operating quantities whichl Wi identified during the IESO Facility
Registration/Market Entry Process.

To provide the required data, the connection apptienust install at this project monitoring equiprne
that meets the requirements set forth in Appendxd Chapter 2 of the Market rules. As part of the
IESO Facility Registration/Market Entry process ttonnection applicant must also complete end do en
testing of all necessary telemetry points with tESO to ensure that standards are met and that sign
conventions are understood. All found anomaliestrba corrected before IESO final approval to cohne
any phase of the project is granted.

2.12 Revenue Metering Requirement

If revenue metering equipment is being installeghas of this project, the connection applicantidtdo
be aware that revenue metering installations mostply with Chapter 6 of the IESO Market Rules.
For more details the connection applicant is erexgenl to seek advice from their Metering Service
Provider (MSP) or from the IESO metering group.

2.13 Reliability Standards Requirements

Prior to connecting to the IESO controlled gride throposed facility must be compliant with the
applicable reliability standards established by Mwarth American Electric Reliability Corporation
(NERC) and reliability criteria established by tRertheast Power Coordinating Council (NPCC) that
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are in effect in Ontario. A mapping of applical#&ndards, based on the proponent’s/connection
applicant’s market role/OEB license can be founetetp://www.ieso.ca/imoweb/ircp/orcp.asp

This mapping is updated periodically after newemised standards become effective in Ontario.

The current versions of these NERC standards an@QNEriteria can be found at the following
websites:

http://www.nerc.com/page.php?cid=2|20
http://www.npcc.org/documents/regStandards/Diréesonspx

The IESO monitors and assesses market participampleance with a selection of applicable reliajilit
standards each year as part of the Ontario RetiaBibmpliance Program. To find out more abous thi
program, write to  orcp@ieso.ca or visit the following webpage:
http://www.ieso.ca/imoweb/ircp/orcp.asp

Also, to obtain a better understanding of the applie reliability compliance obligations and engage
the standards development process, we recommendhthgroponent/ connection applicant join the
IESO’s Reliability Standards Standing Committee $R$ or at least subscribe to their mailing list by
contactingssc@ieso.caThe RSSC webpage is located at:
http://www.ieso.ca/imoweb/consult/consult_rssc.asp

2.14 Restoration Participant Requirements

The connection applicant is currently a restoraganticipant. The connection applicant is required
toupdate its restoration participant attachmemid¢tude details regarding its proposed project. For
more details please refer to the Market Manual Be8ails regarding restoration participant
requirements will be finalized at the Facility R&tgation/Market Entry Stage.

2.15 Facility Registration/Market Entry Requirement  s-

The connection applicant must complete the IESQliyaRegistration/Market Entry process in a timely
manner before IESO final approval for connectiogremted.

Models and data, including any controls that wdmddoperational, must be provided to the IESO. This
includes both PSS/E and DSA software compatibléhematical models representing the new equipment
for further IESO, NPCC and NERC analytical studiBise connection applicant may need to contact the
software manufacturers directly, in order to hawe hodels included in their packages. This inforomat
should be submitted at least seven months befaggigation to the IESO-controlled grid, to alloweth
IESO to incorporate this project into IESO worktsyss and to perform any additional reliability sesd

As part of the IESO Facility Registration/MarkettBnprocess, the connection applicant must provide
evidence to the IESO confirming that the equipmastalled meets the Market Rules requirements and
matches or exceeds the performance predictedsraisessment. This evidence shall be either egte t
done in a controlled environment or commissioniegis done on-site. In either case, the testindg braus
done not only in accordance with widely recogniséghdards, but also to the satisfaction of the IESO
Until this evidence is provided and found acceméablthe IESO, the Facility Registration/Market fgnt
process will not be considered complete and thenection applicant must accept any restrictions the
IESO may impose upon this project’s participatiorhie IESO-administered markets or connection ¢o th
IESO-controlled grid. The evidence must be suppteedhe IESO within 30 days after completion of
commissioning tests. Failure to provide eviden@y mesult in disconnection from the IESO-controlled
grid.
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If the submitted models and data differ materidfym the ones used in this assessment, then further

analysis of the project will need to be done byl&®O.

- End of Section —
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3. Review of Connection Proposal

3.1 Proposed Connection Arrangement

The Cardinal Power facility is connected to theLatwvrence 115 kV system through the 115 kV circLitB
and L2M. The transmission network in the vicirofythe Cardinal Power facility is shown kigure 1.

Merivale 115 kV

B31L
L22H s
L21H .
To Beauharnois
> P L S
l l Russell DS L20H Generation
no’ L24A
Gloucester Greely
N.O.
Lo o L33P
| L34P
R
Limebank o M S25L
Marionville Chesterville L2M —@
Brockville 115 kV S26L :
Newingt > S30L
ewington
= W)
S32L :
I Saunders GS
N.O L2m 2
e
L1MB
N.O.
AL2 AL1 St.Lawrence 230 kV
v
M Enbridge ( AH
Hydro Agri : Morrisburg
Maitland Pipeline
W T3 St.Lawrence 115 kV
61 G2 @ l
G3(New) Casco

Cardinal Power

Figure 1: Proposed connection arrangement
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3.2 Existing System

The 2010 hourly average historical power flows tigto the LIMB and L2M circuits, generation outputhed
Cardinal facility and voltage at St. Lawrence 135Hus are shown iRigures 2 to 5 Note positive power flows
through the L1MB and L2M circuits represent flows of the bus.

80 80.
60. 60
40 40.
20 20
0 0
-20 -20
-40 -40. -
-60. 60
-80 -80.
Figure 2: MW flow on L1MB at St. Lawrence Figure 3: MW flow on L2M at St. Lawrence
170. 126.
125.
150. 124.
130. 123.
110. 122.
9. 121.
120.
70. 119.
50. 118.
Figure 4. MW Output at Cardinal Facility Figure 5: Voltage at St. Lawrence 115 kV bus
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The following can be observed:

Station Average voltage
St. Lawrence 115 kV 123 kV
Quantity Maximum | Minimum
Flow on L1MB out of St. Lawrence 32 MW -57 MW
Flow on L2M out of St. Lawrence 50 MW -46 MW
MW Output at Cardinal Facility 156 MW -

The above quantities were accounted for when datergithe study scenarios and assumptions for yis¢éegh
Impact Assessment. For the list of assumptioregga refer t&ection 6.10f this report.

- End of Section —
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4. Data Verification

4.1 Generator

The following table presents the reactive capahdftCardinal Power G3 at 11.1 MW and 15.0 MW agtiv
power levels corresponding to its summer and wiliteximum Continuous Rating (MCR), respectively.
Shown are the maximum and minimum reactive outpuaaous ambient temperatures and the reactive
power required to achieve 0.9 lagging power faatat 0.95 leading power factor at the specific actiower
output obtained from the reactive capability cypvevided by Cardinal Power.

Table 1: Cardinal G3 Reactive Capability at variors Ambient Temperatures and Active Power

Cardinal Power | Ambient Temp | Ambient Temp | Ambient Temp| 0.9 0.95
Output G3 40°C 25°C 5°C lagging | leading
Qmax | Qmin | Qmax | Qmin | Qmax [ Qmin pf pf
(Mvar) | (Mvar) | (Mvar) | (Mvar) | (Mvar) | (Mvar) | (Mvar) | (Mvar)
11.1 MW 1400 | -6.32| 1697 -6.32 20.71 -6.32 5.3753.64
15.0 MW 11.25 -6 15 -6 18.75 -6 7.26 -4.93

As shown, Cardinal Power G3 is capable of operaitragpower factor range greater than 0.9 laggmb a
0.95 leading.

4.2 Transformer

Specifications for the Casco T3 115/4.16 kV trarmsfer according IESO Facility Registration documeata
are listed below.

Transformation 120/4.16/4.16 kV

Rating 15 MVA( ONAN), 20 MVA (ONAF)

Impedance on 15 MVA base 11.98% (HL) ; 11.98% (FH2I)6% (LT)

Configuration 3 phase, high side: wye, low side: wye, tertiasital
Tapping On-load tap changers at HV (120 * 15.4irk¥6 steps)

Cardinal Power has indicated that the Casco TXtamger is presently set to maintain transformeorsgary
voltages between 4.13 kV and 4.2 kV.
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4.3 Dynamic Models

The performance of the equipment proposed forriallation and their transient behavior was evallia
using the data provided by Cardinal Power; resultspresented iections 6.8 and 6.9The dynamic
models of the generator, excitation systems, p@ystem stabilizer and governor are given below.

1) GENERATOR

The Cardinal G3 generator is modeled with the Sak®le Generator Model (GENSAL) with the following
parameters and values:

Table 2: GENSAL Generator Parameters

MODEL : GENSAL —Generator Parameters

CON's Value Description

J 6 Tpe (>0) (sec)
J+1 0.04 Tpo (>0) (sec)
J+2 0.11 Toc (>0) (sec)
J+3 2.04 Inertia, H
J+4 0 Speed damping, D
J+5 2.73 %

J+6 1.39 %

J+7 0.36 X

J+8 0.31 Xp=X"q

J+9 0.17 X

J+10 0.0280 S(1.0)

J+11 0.0450 S(1.2)

2) EXCITATION SYSTEM

The Cardinal G3 exciter is modeled with the IEEB&YT4B Potential or Compounded Source-Controlled
Rectifier Exciter (ESST4B) with the following paraters and values:

Table 3: ESST4B Exciter Parameters

MODEL : ESST4B-Exciter Parameters

CON's Value Description CON's Value Description
J 0.01 Tr (sec) J+9 -9.04 Vmmin
J+1 200 Kpr J+10 0 Kg

J+2 40 Kir J+11 1 Kp

J+3 10.08 Vrmax J+12 0 Ki

J+4 -9.04 Vrmin J+13 1.25 Vbmax
J+5 0.01 Ta J+14 0.125 Kc

J+6 1 Kpm J+15 0 Kl

J+7 0 Kim J+16 0 THETAP
J+8 10.08 Vmmax
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Note, the Market Rules requires that the equivadentter time constants shall not be longer tham2dor voltage
sensing and 10 ms for the forward path to the ex¢i¢. Tr< 20 ms and Ta 10 ms). This model meets this
requirement.

3) STABILIZER

The Cardinal G3 Power System Stabilizer is modeligal the IEEE Dual-Input Stabilizer Model (PSS2A)
with the following parameters and values:

Table 4: PSS2A Stabilizer Parameters

MODEL : PSS2A-Stabilizer Parameters
CON's Value Description CON's Value Description
J 10 Twl J+9 0.1 T9
J+1 10 Tw2 J+10 10 Ksl
J+2 0 T6 J+11 0.08 Tl
J+3 10 Tw3 J+12 0.02 T2
J+4 0 Tw4 J+13 0.08 T3
J+5 10 T7 J+14 0.02 T4
J+6 2.45 Ks2 J+15 0.1 Vstmax
J+7 1 Ks3 J+16 -0.1 Vstmin
J+8 0.5 T8

ICONs Value Description ICONSs Value Description
M 1 ICS1 M+3 0 REMBUS?2
M+1 0 REMBUS1 M+4 5 M
M+2 3 ICS2 M+5 1 N

4) GOVERNOR

The Cardinal G3 governor is modeled with the Gabihe-Governor (GAST) with the following parameters
and values:

Table 5: GAST Governor Parameters

MODEL : GAST -Governor Parameters

CON's Value Description
J 0.05 R(speed droop)

J+1 0.4 Tl

J+2 0.2 T2

J+3 3 T3

J+4 0.8 Ambient temperature load limit, Al
J+5 2 KT

J+6 0.8 Vmax

J+7 -0.05 Vmin

J+8 0 Dturb
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5. Fault Level Assessment

Fault level studies were completed by Hydro Onextamine the effect of the additional Cardinal G& an
fault levels at existing facilities in the areaudies were performed to analyze the fault levetk and
without the new Cardinal G3 unit and other commdigeneration in the surrounding area. The shastitir
study was carried out with the following facilitiaad system assumptions:

Niagara, South West, West Zones

» All hydraulic generation

* 6 Nanticoke

e 2 Lambton

» Brighton Beach (J20B/J1B)

* Greenfield Energy Centre (Lambton SS)

» St. Clair Energy Centre (L25N & L27N)

» East Windsor Cogen (E8F & E9F) + existing Ford gatien
» TransAlta Sarnia (N6S/N7S)

* Imperial Oil (N6S/N7S)

e Thorold GS (Q10P)

Central, East Zones

» All hydraulic generation

* 6 Pickering units

* 4 Darlington units

* 4 Lennox units

 GTAA (44 kV buses at Bramalea TS and Woodbridge TS)
» Sithe Goreway GS (V41H/V42H)

» Portlands GS (Hearn SS)

* Kingston Cogen

* TransAlta Douglas (44 kV buses at Bramalea TS)

Northwest, Northeast Zones
* All hydraulic generation

o 1 Atikokan

e 2 Thunder Bay

* NP Iroquois Falls

* AP Iroquois Falls

» Kirkland Lake

» 1 West Coast (G2)

» Lake Superior Power

» Terrace Bay Pulp STG1 (embedded in Neenah paper)
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Bruce Zone

8 Bruce units (Bruce G1 and Bruce G2 maximum dcp& 835 MW)
4 Bruce B Standby Generators

All constructed wind farms including

Erie Shores WGS (WT1T)

Kingsbridge WGS (embedded in Goderich TS)
Amaranth WGS — Amaranth | (B4V) & Amaranth Il (B5V)
Ripley WGS (B22D/B23D)

Prince | & Il WGS (K24G)

Underwood (B4V/B5V)

Kruger Port Alma (C242)

Wolf Island (injecting into X4H)

New Generation Facilities:
Committed generation

Greenwich Wind Farm (M23L and M24L)
Gosfield Wind Project (K22)

Kruger Energy Chatham Wind Project (C242)
Raleigh Wind Energy Centre (C232)

Talbot Wind Farm (W45LC)

Greenfield South GS (R24C)

Halton Hills GS (T38B/T39B)

York Energy Centre (B82V/B83V)

Island Falls (H9K)

Becker Cogeneration (M2W)

Wawatay G4 (M2W)

Beck 1 G9: increase capacity to 68.5 MVA (Beck #5 kV bus)

Lower Mattagami Expansion

All renewable generation projects awarded FIT @mts were included

Transmission System Configuration

Existing system with the following upgrades:

Bruce x Orangeville 230 kV circuits up-rated

Burlington TS: Rebuild 115 kV switchyards

Leaside TS to Birch JCT: Build new 115 kV circuBirch to Bayfield: Replace 115 kV cables.
Uprate circuits D9HS, D10S and Q11S

Hurontario SS in service with R19T+V41H open fro2lR+V42H (230 kV circuits V41H and
V42H extended and connected from Cardiff TS to Htano SS). Hurontario SS to Jim Yarrow
2x3km 230 kV circuits in-service

Cherrywood TS to Claireville TS: Unbundle the t8@0 kV super-circuits (C551VP & C550VP)
Allanburg x Middleport 230 kV circuits (Q35M and @) installed

Claireville TS: Reterminate circuit 230 kV V1RPRarkway V71P. Reterminate circuit 230 kV
V72R to Cardiff(V41H)

One 250 Mvar (@ 250 kV) shunt capacitor bank itetlht Buchanan TS

LV shunt capacitor banks installed at Meadowvale
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1250 MW HVDC line ON-HQ in service
Modeling of Michigan system with short circuit egalient provided by International Transmission
Company (ITC).
Tilbury West DS second connection point for DESMiagement using K2Z and K6Z
Second 500kV Bruce-Milton double-circuit line im@ee. Double-circuit line from the Bruce
Complex to Milton TS with one circuit originatingoin Bruce A and the other from Bruce B
Windsor area transmission reinforcement:
» 230 kV transmission line from Sandwich JCT (C2128)2o Lauzon TS
* New 230/27.6 DESN, Leamington TS, that will conné2tlJ and C22J and supply part of
the existing Kingsville TS load
* Replace Keith 230/115 kV T11 and T12 transformers
e 115 kV circuits J3E and J4E upgrades
Woodstock Area transmission reinforcement:
« Karn TS in service and connected to M31W & M32Whagiersol TS
o W7W/W12W terminated at LFarge CTS
* Woodstock TS connected to Karn TS
Nanticoke and Detweiler SVCs
Series capacitors at Nobel SS in each of the 506itcuits X503 & X504E to provide 50%
compensation for the line reactance
Lakehead TS SVC
Porcupine TS & Kirkland Lake TS SVC
Porcupine TS: Install 2x125 Mvar shunt capacitors
Essa TS : Install 250 Mvar shunt capacitor
Hanmer TS: Install 149 Mvar shunt capacitor
Pinard TS: Install 2x30 Mvar LV shunt capacitors
Upper Mattagami expansion
Fort Frances TS: Install 22 Mvar moveable shupac#or
Dryden TS: Install shunt capacitors
Lower Mattagami Expansion — H22D line extensiomfridarmon to Kipling.

System Assumptions

Lambton TS 230 kV operategpen

Claireville TS 230 kV operategpen

Leaside TS 230 kV operatepen

Leaside TS 115 kV operatepen

Middleport TS 230 kV bus operategen

Hearn SS 115 kV bus operategen —as required in the Portlands SIA
Napanee TS 230 kV operateden

Cherrywood TS north & south 230kV buses operataeh
Richview TS 230 kV bus operategen

All capacitors in service

All tie-lines in service and phase shifters on rauaps
Maximum voltages on the buses
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The following table summarizes the symmetric andrasetrical fault levels near the Cardinal Generatio
Facility against the corresponding breaker ratings.

Table 6: Short Circuit Results with and without Cardinal G3 in Service

Cardinal G3 O/S Cardinal G3 I/S Breaker Ratings
Total Fault Total Fault Total Fault Total Fault
Current Current Current Current
Bus Symmetrical | Asymmetrical | Symmetrical Asymmetrical | Symmetrical| Asymmetrical
(KA) (kA) (KA) (kA) (KA) (KA)
3-ph 3-ph 3-ph 3-ph
fault | ©C | faut | VC | faure | € | faur | NC
St. Lawrence 230 kV| 26.148 27.1 32.702 36{18 26.177.62 | 32.729 36.20d 40 42.1
St. Lawrence 115 kV| 19.038 22.27 24.564 29|56 19.1#.32 | 24.632] 29.616 50 56.8
Cardinal Power - ]
H bus 115 kV 7.837 | 8.330] 9.891] 11.08 8.046 8.509 10.200 11829 O 4 42.1
Cardinal Power L
A bus 115 KV 7.824 | 6.456| 8.729] 6.986 8.000 6.535 8913 7.065 20 21

The results show that fault levels in the areacsurding the Cardinal Power Generation Facilitysitdin

the symmetrical and asymmetrical breaker ratingsltfevels increase when all the proposed generate

in service with the highest increase at the Catdoaver H bus of 0.309 kA (Asymmetrical current 8r

phase fault).

Therefore, it can be concluded that increasesut li@vels, due to the Cardinal Facility will notaeed the
interrupting capabilities of the existing breakernsthe IESO-controlled grid.

— End of Section —
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6. System Impact Studies

This connection assessment was carried out toifgené effect of the proposed facility on thern@éding
of transmission interfaces in the vicinity, thetsys voltages for pre/post contingencies, and testent
performance of the system.

6.1  Assumptions and Background
The following describes the study scenarios, systenditions and modeling assumptions.

Study Scenarios

The following table summarizes the net Maximum @urdus Rating of the Cardinal Power facility and
maximum Cardinal+Casco net injection under summdnainter conditions as provided by Cardinal Power.
As shown, the maximum facility output is less thia@ net maximum winter facility output.

Table 7: Total Cardinal Power Facility Output under Summmaat &inter Conditions

Cardinal Power Output Cardinal Cardinal Casco Load | Cardinal+Casc(
Gl G2 G3 Station Power MCR Total Net
Service Injection
Load
Summer 90.5MW | 46 MW 11.1 MW 3 MW 144.6 MW 12.0 MW| 132.6 MW
Winter 129 MW | 55 MW| 15 MW 3 MW 196 MW 13.0 MW 183W

Notes (1) Summer MCR provided under 35°C ambiemiperature
(2) Winter MCR provided under 10°C aertiitemperature

Accounting for the summer and winter facility netput, maximum and minimum load conditions along
L1MB and L2M and various embedded generation oup@hesterville TS and Morrisburg TS, a total of
six different scenarios were developed for thesssent. These scenarios include:

S1 — Cardinal Power at Summer MCR with Cardinale@@ansion. Minimum load conditions.
40 MW Solar + 30 MW of Wind embedded at€terville and Morrisburg.

S2 — Cardinal Power at Winter MCR with Cardinal &ansion. Minimum load conditions.
40 MW Solar+0 MW of Wind embedded at Chestle and Morrisburg.

S3 — Cardinal Power at Winter MCR with Cardinal &®ansion. Minimum load conditions.
40 MW Solar+30 MW of Wind embedded at Caeslle and Morrisburg.

S4 — Cardinal Power at Winter MCR with Cardinal &®ansion. Maximum load conditions.
0 MW Solar+0 MW of Wind embedded at Cheslie and Morrisburg.

S5 — Cardinal at Winter MCR without Cardinal G3 arpion. Minimum load conditions.
0 MW of Solar+0 MW of Wind embedded at &teeville and Morrisburg.

S6 — Cardinal at Winter MCR without Cardinal G3 axpion. Minimum load conditions.
40 MW of Solar+30 MW of Wind embedded &ieSterville and Morrisburg.

Note, minimum load with maximum embedded generatiere used as study assumptions to reveal
potential thermal limitations. In reality, maximwsular generation is unlikely to be coincident with
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minimum load conditions. In the event that thaseysassumptions yield overly conservative residtser
embedded coincident with minimum load may needetéubther studied.

The following table summarizes the various flowemds assumed for each of the scenarios:

Table 8: Summary of Study Scenario Conditions

S1 S2 S3 S4 S5 S6
Total L2M+L1MB flows at St.| 160.2 MW 178 MW 206 MW 77 MW 124 MW 192.5 MW
Lawrence
Chesterville Loadl 12 MW 12 MW 12 MW 35 MW 12 MW 12 MW
Chesterville EG 21 MW 21 MW 21 MW 0 MW 0 MW 21 MW
Newington DS Load 1.2 MW 1.2 MW 1.2 MW 1.2 MW 1.2 1.2 MW
Morrisburg Load 20.6 MW 20.6 MW 20.6 MW 60 MW 20.6 MW 20.6 MW
Morrisburg EG 50.5 MW 20.5 MW 50.5 MW 0 MW 0 MW 50.5 MW
Enbridge Cardinal Load 1.0 MW 1.0 MW 1.0 MW 1.0 MW| 1.0 MW 1.0 MW
Dyno Nobel Load 2.8 MW 2.8 MW 2.8 MW 2.8 MW 28MW| 2.8MW
Cardinal Power Net 144.6 MW 196 MW 196 MW 196 MW 181 MW 181 MW
Generation
(G1+G2+G3- Station Service
Casco Load 12 MW 13 MW 13 MW 13 MW 13 MW 13 MW
Cardinal Power G3 Output 11.1 MW 15 MW 15 MW 15 MW 0 MW 0 MW
(MW)
Cardinal Power G3 Output -5.2 Mvar -5.2 Mvar -5.2 Mvar -5.2 Mvar 0 MW 0 MW
(Mvar)
Imports on L33P+L34P at St.| 299.7 MW 299.7 MW 299.7 MW 299.7 MW 299.7 MW 299mv
Lawrence
Saunders Output 1003.4 MW 1003.4 MW 10034 MW  1003W | 1003.4 MW | 1003.4 MW,
Beauharnois Output; 4 800 MW 800 MW 800 MW 800 MW 800 MW 800 MW
Terminal Mode

Note: (1) Embedded Generation values obtained figaro One’s list of embedded generation applicetias of

March 20, 2011.

(2) Maximum and minimum load values dafetd from IESO 2010 hourly average historical data.

System Conditions

All transmission system elements were in service.
Load stations in the St. Lawrence area were sapéoate at 0.9 power factor.
The Eastern Ontario demand was scaled to the 2Qdeéhee weather summer coincident peak of about 140

MW and the Ottawa Ontario demand was scaled t@@A8 extreme weather summer coincident peak of
about 1840 MW.
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Modeling Assumptions

For both load flow and transient studies, the IE®@0 summer base case was used as a starting poiet.
Eastern and Ottawa zone demand were first scalda 2013 extreme weather coincident peak. Thidsloa
along L2M and L1MB were then scaled to yield thdoas conditions outlined iBcenarios S1 to S6The
following other changes were implemented into thsebcase in the Eastern and Ottawa Zone:

» Loads were represented by constant MVA loads femtial and voltage analysis and as voltage
dependent loads with P being modeled as 50% cdrgiament and 50% constant impedance (P
V19 and Q being modeled as 100% constant impedance/{pfor transient analysis.

» Embedded generation at Morrisburg and Chesteraite St. Lawrence were assumed to operate at
unity power factor at its point of common coupling.

» L2M assumed to be Normally Opened at ChestervlBI1{LC1 in span opener and L2M-6 switch.
Brockville disconnect switch L2M-A was assumed ¢oNormally Opened.
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6.2  Protection Impact Assessment

A Protection Impact Assessment (PIA) was completelydro One to examine the impact of Cardinal G3
on existing transmission system protections. A aofyhe Protection Impact Assessment summary can be
found inAppendix C of this report.

The IESO concluded that the proposed protectionsaaients will have no material adverse impact en th
IESO-controlled grid.

6.3  Special Protection System (SPS)

Currently, there exists a runback scheme instaitede Cardinal Power facility that will reduce @ardinal
Power net generation output to 141 MW upon thedtiete of a loss of either AL1 or AL2 115 kV breaker
This scheme is known as the Cardinal Power RunBabkeme. By detecting the loss of breakers AL1 or
AL2, this scheme will also runback for the losd @MB and L2M. Net generation accounts for theistat
service load at Cardinal Power. The existing gas Gardinal G1, runs back at a rate of 2 MW/minut
while the steam unit, Cardinal G2, runs back ata of 1 MW/minute. If the automatic runback is
insufficient, the IESO can request that Cardinak®omanually reduce the output further to 102 MWe
existing runback scheme is illustrated-igure 6.

Cardinal Power has indicated with the addition afdinal Power G3, the facility will maintain itsmack
capability to 141 MW. In the event of runback, iaal G3 will reduce its output to match the Cakad
within a period of 1 or 2 minutes; if Cardinal G@3tput is less than Casco load, Cardinal G3 outpllit w
remain unchanged. Cardinal Power G1 will stillback at a rate of 2 MW/minute and Cardinal G2 iate
of 1 MW/minute such that the net facility outputlél MW. The revised runback scheme is illustrated
Figure 7.

AL2 AL1 AL2 ALA1
X AH K AH
Y
v W T3 ' WW T3
Station O Q ]
Station @ @ Service d L
Service Load 61 G2
Load g1 @2
(V)] Casco
. Casco Net Generation runs Q
Net Generation runs back to 141 MW G3
back to 141 MW

Figure 6: Diagram of Existing Runback Scheme  Figu 7: Diagram of Revised Runback Scheme

Under the given runback rates, Cardinal G1 woutdback by 30 MW and Cardinal G2 would runback by 15
MW within a span of 15 minutes.
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Preliminary studies were performed examining failaf the Cardinal Runback Scheme. It is expedtad t
failed operation will not result in an adverse eff® the control areas outside of Ontario. Theneeft is
anticipated that the Cardinal Power Runback ScHeerdassified as a Type Il Special Protection &yst

6.4  St. Lawrence Anti-Islanding Schemes

An anti-island scheme is currently installed atLl@iwrence that sends transfer trip signals to Gatd?ower
breakers AL1 and ALZ2 for the loss of both St. Lawae T2 or T3 transformers (or the loss of one
transformer with the other out-of-service pre-cogéincy). Subsequent to the opening of AL1 and AL2
breakers, transfer trip signals are sent to themgor breakers at Cardinal G1 and G2. The purpbtés
scheme is to prevent island operation of the Skreace 115 kV area. With the incorporation of Qaat
G3, a transfer trip signal will need to also bet$erCardinal G3 subsequent to the opening of @aidhL1
and AL2 breakers.

6.5 Thermal Analysis

The assessment examined the effect the proposéityfaould have on the thermal loadings of the 45
and 230 kV transmission area elements within itgnity.

TheOntario Resource and Transmission Assessment fariequires that all line and equipment loads be
within their continuous ratings with all elememntssiervice, and within their long-term emergencings

with any element out of service. Lines and equipmegly be loaded up to their short-term emergency
ratings immediately following the contingencieseftect re-dispatch, perform switching, or implement
control actions to reduce the loading to the lagrgatemergency ratings.

Hydro One provided the Continuous, long term emargend short term emergency planning thermal
ratings for various circuits under summer weatlditions. The algorithm for deriving
these ratings is as follows:

» Ambient conditions 35°C temperature (summer ratings) , 10°C teatpex (winter ratings), 4
km/hr wind speed, daytime

» Continuous Rating obtained at the lesser of conductor teatpee of 93 °C or sag temperature

* Long Term Emergency (LTERating obtained at the lesser conductor tempesaif 127°C or sag
temperature

» Short Term Emergency (STHRating obtained at the sag temperature witheacpntingency
loading of 100% of the continuous rating.

Planning Ratings for transformers were obtainethftibe Hydro One secure website. Note, due to the
terrain and sheltering of the circuits the transgnitioes not allow the use of higher ratings assediwith
wind assumptions.

The following table summarizes the ratings for oasi circuits and transformers monitored for therttz
analysis. Unless indicated, the values providedaasumed to be planning ratings.
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Winter and Summer Thermal Ratings

Element Monitored Element Rating (A
From To Continuous Long Term Short Term
Emergency Emergency
Sum | Wint | Sum | Wint Sum Wint
LUNENBRG_JL2118 ST _LAWRENCE 118 590 720 770 870 920 1020
MORRISBG_JL2118 LUNENBRG_JL2118 680 840 860 970 920 1030
L2M CASCO_J L2M 118 MORRISBG_JL2118 670 820 840 960 900 1010
CASCO_J L2M 118 BROCK CH_JL2118 480 690 480 690 480 690
CARD_PWR_CSS118| CASCO_J L2M 118 810 1000 810 1000 10 8| 1000
LUNENBRG_JL1118 ST _LAWRENCE 118 660 800D 830 50 890 1020
MORRISBG_JL1118 LUNENBRG_JL1118 680 840 860 970 920 1030
L1IMB CASCO_J L1MB118 MORRISBG_JL1118 680 840 860 9Y0 920 1030
CASCO_J L1MB118 EN_CARDINALJ118 68( 840 89D 10p0 101 1200
EN_CARDINALJ118 BROCK CH JL1118 48( 690 48D 690 480 690
CARD_PWR_CSS118| CASCO_J L1MB118 810 1Q00 8p0 1000 10 8| 1000

The following table summarizes the pre-contingeloagding as a percentage of the continuous rating fo
Scenarios S1 to S3Circuit loadings foScenario Slare given as a percentage of summer ratings, while
circuit loadings foiScenarios S2 and S@re given as a percentage of winter ratings.

Table 10: Summary of Pre-Contingency Loading for ScenarigsS2land S3

Pre-Contingency Loading
Element Monitored Element % of Continuous Rating
From To S1 S2 S3
LUNENBRG JL2118 ST LAWRENCE 118 71.3 64.6 74 .4
MORRISBG JL2118 LUNENBRG JL2118 55.9 50.% 58P
L2M CASCO_J L2M 118 MORRISBG JL2118 48.1 52.8 52|6
CASCO_J L2M 118 BROCK CH JL2118 1.6 1.1 1.]
CARD_PWR _CSS118 CASCO_J L2M 118 40.7 4411 43(8
LUNENBRG JL1118 ST LAWRENCE 118 58.1 53.4 62.1
MORRISBG JL1118 LUNENBRG JL1118 56.7 51.1 598
L1IMB CASCO_J L1MB118 MORRISBG JL1118 47.9 52.0 51|7
CASCO_J L1MB118 EN_CARDINALJ118 1.7 1.4 1.4
EN_ CARDINALJ118 BROCK_CH JL1118 1.7 1.2 1.2
CARD_PWR _CSS118) CASCO_J Li1mMB118 41.6 448 4416

As shown, all pre-contingency loadings are withontmuous ratings.

(a) Post-Contingency under Summer Conditions

The following table shows the post-contingency Ingdgainst LTE and STE ratings for the loss of
L1MB and L2M under summer conditionrSdenario S).
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Table 11: Summary of Post-Contingency Loading for Loss bMB, Loss of L2M under Summer Conditions

Scenario S1
Element Monitored Element Pre-Runback Post-Runback
Cardinal G1=90.5 MW Cardinal G1=88.5 MW
Cardinal G2= 46 MW Cardinal G2= 45 MW
Cardinal G3 = 11.1 MW Cardinal G3=11.1 MW
Station Service Load = 3 MW Station Service Load =3 MW
Total Net Cardinal Gen= 144.6 MW Total Net Cardinal Gen= 141.6 MW
Loss of LIMB Loss of L2M Loss of LIMB Loss of L2M
From To
% of % of % of % of % of LTE % of LTE
LTE STE LTE STE
LUNENBRG JL2118 ST LAWRENCE 11§ 103.4 86.5 0.0 0.0 101.5 0.0
MORRISBG JL2118 LUNENBRG JL2118§ 87.8 82.0 0.( 0.Q 86.1 0.0
L2M CASCO_J L2M 118 MORRISBG_JL2118§ 74.9 69.9 0.0 0.0 73.2 0.0
CASCO_J L2M 118 BROCK CH JL2118 2.8 2.8 0. 0.( 2.8 0.0
CARD_PWR_CSS118 CASCO_J L2M 118 79.2 79|2 0/0 0J0 77.5 0.0
LUNENBRG JL1118 ST LAWRENCE 118§ 0.0 0.0 90.1 84.( 0.0 88.4
MORRISBG JL1118 LUNENBRG JL1118§ 0.0 0.0 87.p 81.5 0.0 85.6
L1IMB CASCO_J L1MB118 MORRISBG_JL1118 0.0 0.0 7216 67.9 0.0 71.0
CASCO_J L1MB118 EN_ CARDINALJ118 0.0 0.0 2.0 1.6 0.0 2.0
EN_CARDINALJ118 BROCK CH JL1118 0.0 0.0 2.8 2.8 0.0 2.8
CARD_PWR_CSS118 CASCO_J L1MB11B 0.0 0.0 79.3 7913 0.0 77.6

As shown, for the loss of LIMB, L2M section betwéamenbrg x St. Lawrence will slightly exceed LT&wes, but will be within STE values.
Generation at either Morrisburg, Chesterville ordizal power will need to be re-dispatched withthriinutes to help reduce the loading on L2M
to within LTE ratings.

(b) Post-Contingency under Winter Conditions

The following table shows the post-contingency Ingagainst LTE and STE ratings for the loss of IBLkhd L2M under winter conditions
(Scenario S2 pre and post- generation runback after 15 minutes
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Table 12: Scenario S2: Summary of Post-Contingency Loaftinggoss of LIMB, Loss of L2M under Winter Conditis before and after

Runback
Scenario S2
Element Monitored Element Pre-Runback Post-Runback
Cardinal G1= 129 MW Cardinal G1=99 MW
Cardinal G2=55 MW Cardinal G2= 40 MW
Cardinal G3 = 15 MW Cardinal G3=13 MW
Station Service Load = 3 MW Station Service Load =3 MW
Total Net Cardinal Gen= 196 MW Total Net Cardinal Gen= 149 MW
Loss of LIMB Loss of L2M Loss of LIMB Loss of L2M
From To
% of % of % of % of % of LTE % of LTE
LTE STE LTE STE
LUNENBRG JL2118 ST LAWRENCE 11§ 103.0 87.8 0.0 0.0 77.4 0.0
MORRISBG JL2118 LUNENBRG JL2118§ 88.0 82.9 0.0 0 0. 65.2 0.0
L2M CASCO J L2M 118 MORRISBG_JL2118§ 90.2 85.f7 0.0 0 0. 67.3 0.0
CASCO J L2M 118 BROCK CH JL2118 1.9 1.9 0.0 0 0. 1.9 0.0
CARD PWR _CSS118 CASCO_J L2M 118 87.9 87\9 0.0 00 65.9 0.0
LUNENBRG JL1118 ST LAWRENCE 118§ 0.0 0.0 89.1 8B3. 0.0 65.8
MORRISBG JL1118 LUNENBRG JL111§ 0.0 0.4 8756 482. 0.0 64.7
L1IMB CASCO _J L1MB118 MORRISBG_ JL1118 0.0 0.0 888 683. 0.0 66.2
CASCO _J L1MB118 EN CARDINALJ118 0.0 0.0 1.9 51. 0.0 1.8
EN_CARDINALJ118 BROCK CH JL1118 0.0 0.0 1.9 91. 0.0 1.9
CARD_PWR_CSS118 CASCO_J L1MB11B 0.0 0.0 87.9 987 0.0 66.0

Note (1) Runback measured at 15 minutes. Runioatél MW would approximately be completed withBirhinutes.

As shown, foiScenario S2the loss of LIMB or L2M will result in post-contiency loadings to be within STE ratings. CardPalver

runback to 141 MW will help bring loadings to bethiun LTE rating.
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The following table shows the post-contingency Ingagainst LTE and STE ratings for the loss of IBLikhd L2M under winter conditions
(Scenario S3 pre and post- generation runback.

Table 13: Scenario S3 under 4 km/h Wind and Winter Cond#ioSummary of Post-Contingency Loading for LdssIdMB and Loss of L2M
before and after Runback

Scenario S3: 4 km/hr ratings
Element Monitored Element Pre-Runback Post-Runback
Cardinal G1= 129 MW Cardinal G1=99 MW
Cardinal G2= 55 MW Cardinal G2= 40 MW
Cardinal G3 = 15 MW Cardinal G3=13 MW
Station Service Load = 3 MW Station Service Load =3 MW
Total Net Cardinal Gen= 196 MW Total Net Cardinal Gen= 149 MW
Loss of LIMB Loss of L2M Loss of LIMB Loss of L2M
From To
% of % of % of % of % of LTE % of LTE
LTE STE LTE STE
LUNENBRG JL2118 ST LAWRENCE 11§ 120.2 102.5 0.0 0.0 0.0
MORRISBG_JL2118 LUNENBRG JL211§ 103.3 97.3 0.0 0.0 0.0
L2M CASCO_J L.2M 118 MORRISBG_JL211§ 90.3 85/8 0. 0.0 0.0
CASCO_J L.2M 118 BROCK CH JL211§ 2.0 2.0 0.( 0.0 . 0.0
CARD PWR _CSS118| CASCO J L2M 118 88.( 88.0 0p 00 N‘S’to"l"ufi’é";‘]cgga' 0.0
LUNENBRG JL1118 ST LAWRENCE 118 0.0 0. 104.8 97.6 Loading 80.6
MORRISBG JL1118 LUNENBRG_JL1118§ 0.0 0.( 102.8 96.8 Exceeds STE 79.2
L1IMB CASCO_J L1MB118 MORRISBG_JL1118 0.0 0.0 88.8 3.78 65.7
CASCO_J L1MB118 EN_CARDINALJ118 0.0 0.0 1.8 1.5 1.8
EN_CARDINALJ118 BROCK CH JL1118 0.0 0.0 2.0 2.0 1.9
CARD_PWR_CSS118| CASCO_J L1MB11B 0.0 0J0 88| 8.08 65.5

For Scenario S3the loss of L2M may result in the loading on L1MBbe within STE ratings and therefore runback mossible control action.
However, the loss of LIMB may result in the STEhgs of L2M being exceeded and therefore, the fiserack would not provide the
instantaneous generation rejection that would geired. Studies show that the L2M section at Liangx St. Lawrence would be loaded beyond
its STE rating by about 26 A or 5 MW. If these ditions occur, generation along L1IMB and L2M magaé¢o be curtailed pre-contingency to

respect the thermal ratings. The probability ekt coincident conditions for this scenario is wered low and does not warrant further system
enhancements.
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6.5 Voltage Analysis

The assessment of the voltage performance in tHea®tence 115 kV area was done in accordancethgth
IESO’sOntario Resource and Transmission Assessment {ariténe criteria states that with all facilities in
service pre-contingency, 115 kV and 230 kV systeitage declines following a contingency shall be
limited to 10% both before and after transform@rd¢hanger action. The study was done for minimath a
maximum load conditions using a constant MVA mddddoth immediate pre-contingency state and in-post
ULTC state.

A voltage decline analysis was performed v8tenarios SIminimum load) and&4 (maximum load)to
observe the effect of the loss of LIMB and L2M. Tne-contingency active and reactive power outpuell
at the Cardinal Power facility under these scesaran be found in the “Assumptions and Background”

section of this reportSection 6.}
The study results under pre-ULTC and post-ULTC diors are summarized in the following tables:

Table 14 Scenario S3: Post-Contingency Voltage Declines
S3: Minimum Load Conditions Voltage Declines (%)

Bus Name Pre- Loss of Cardinal | Loss of LIMB Loss of L2M
Contingency| Power at A Bus
Voltage Pre- Post- Pre- Post- Pre- Post-
(kV) ULTC | ULTC | ULTC | ULTC | ULTC | ULTC

ST_LAWRENCE 230 242.9 -0.83 -0.94 0.4% 0.44 0.27 240.
ST_LAWRENCE 115 121.4 -2.42 -2.49 0.99 0.99 0.67 640.
CHESTERVILLE115 120.8 -2.96 -2.99 1.93 1.92 N/A N/A
EN_CARDINAL 115 121.5 -3.86 -3.77 N/A N/A 1.52 1.5]
MORRISBG_L1M115 121.5 -3.87 -3.77 N/A N/A 2.06 2.04
MORRISBG_L2M115 121.5 -3.79 -3.69 2.13 2.18 0.55 530.
DYNO_NOB_L2M115 121.5 -3.80 -3.71 1.64 1.64 2.88 872
DYNO_NOBL1MB115 121.5 -3.86 -3.78 N/A N/A 1.60 1.59
CARD_PWR_CSS115 121.5 N/A N/A 1.55 1.5% 1.50 1.49

Table 15 Scenario S4: Post-Contingency Voltage Declines
S4: Maximum Load Conditions Voltage Declines (%)

Bus Name Pre- Loss of Cardinal | Loss of LIMB Loss of L2M
Contingency| Power at A bus
Voltage Pre- Post- Pre- Post- Pre- Post-
(kV) ULTC | ULTC | ULTC | ULTC | ULTC | ULTC

ST_LAWRENCE 230 245.6 -0.58 -0.72 0.1( 0.0[7 0.00 050.
ST_LAWRENCE 115 124.0 -1.49 -0.44 0.21 0.1p6 -0.16 0.14
CHESTERVILLE115 119.4 -1.64 -0.49 1.05 0.94 N/A N/A
EN_CARDINAL 115 121.1 -2.00 -0.84 N/A N/A 1.44 1.37
MORRISBG_L1M115 121.0 -2.01 -0.85 N/A N/A 2.30 2.0p
MORRISBG_L2M115 120.8 -1.78 -0.61 2.72 2.48 4.66 893.
DYNO_NOB_L2M115 121.1 -1.61 -0.45 1.91 1.76 2.82 6.
DYNO_NOBL1MB115 121.1 -1.98 -0.83 N/A N/A 1.52 1.4
CARD_PWR_CSS115 121.1 N/A N/A 1.82 1.67 1.43 1.31

As shown, all voltage changes are within IESO gatelt should be noted that high voltages aloidyB
and L2M can result due to the loss of Cardinal &amder minimum load conditiogScenario S3) For
pre-contingency voltages at St. Lawrence 115 kvVdiu21 kV, the post-contingency voltages at Caalin
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115kV, Morrisburg 115 kV, Enbridge Cardinal 115 &¥d Dyno Nobel 115 kV buses were found to be as
high as 126 kV. Therefore, the St. Lawrence 11%k¥ pre-contingency voltage may need to be rediaced
121 kV or below during high generation and minimiead conditions along LIMB and L2M.

6.6 Reactive Power Assessment

Currently, the CASCO facility is classified as adidfacility. The IESO requires that load facilitighould
have the capability to operate at a power factowéen 0.9 lagging and 0.9 leading.

After the installation of the new 18.75 MVA genéoatunit, the CASCO facility will inject active paw
into the grid and thus should be treated like aegaion facility connecting to the IESO controligad. A
directly connected generating facility must have ¢hpability to inject and withdraw reactive power
continuously at its connection point. The amourreactive capability is up to 33% of its ratediaetpower
at all levels of active power output except whetesaer continually available capability is perettby the
IESO. Cardinal Power expects with the incorporabbCardinal G3, the net injection at CASCO wa! &t
most 3.0 MW. Therefore, the facility will be recgil to inject/withdraw 1 Mvar of dynamic reactivewer

Load flow studies were performed to evaluate tlaetiee power capability in the lagging pf of the 880
facility under the following assumptions:

* Typical voltage of 123 kV at St. Lawrence 115 kV

* Casco Load = 12 MW @ 0.88 pf lagging

» Casco T3 transformer regulates the 4.16 kV bus

» Cardinal Power G1 and G2 were assumed to be meruice

* Cardinal Power G3 controls the H bus voltage

* Maximum active power output from Cardinal Power (@815.0 MW)

Table 16 Evaluation of Reactive Power Capability of CaBewility in the Lagging pf

Cardinal Cardinal Power 4.16 kV Casco Reactive Power Cardinal Power
Power Active Reactive bus voltage] 115/4.16 kV injection at H bus voltage
Power Power transformer Connection
tap Point
15.0 MW 7.9 Mvar 4.2 kV 120 kV 1.4 Mvar 125kV

Load flow studies were performed to evaluate tlaetiee power capability in the leading pf of the 820
facility under the following assumptions:

» Typical voltage of 123 kV at St. Lawrence 115 kV

e Casco Load =12 MW @ 0.88 pf lagging

e Casco T2 transformer regulates the 4.16 kV bus

» Cardinal Power G1 and G2 were assumed to be mdruoice

» Cardinal Power G3 controls the H bus voltage

* Maximum active power output from Cardinal Power @815.0 MW)
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Table 17 Evaluation of Reactive Power Capability of CaBeaility in the Leading pf

Cardinal Power|  Cardinal 4.16 kV Casco Reactive Reactive Powe
Active Power Power bus voltage| 115/4.16 kV Power injection at
Reactive transformer injection at Connection
Power tap Connection Point
Point
15 MW 4.7 Mvar 4.2 kV 121.925 kv -1.9 Mvar 124.6 kV

As shown, the facility will be able to inject ortiilraw 1 Mvar from the point of connection. Thésames
Cardinal Power G3 controls the H bus voltage w@idesco T3 controls the 4.16 kV voltage.

6.7 Dyno Nobel and Morrisburg TS Circulation PowerAnalysis

Under present conditions with Cardinal Power G1 @2dn-service, the loss of Cardinal Power breakers
AL1 or AL2 may result in circulating power at thétfd Chemical station. Excessive circulating poveeof
concern as there is a possibility that the incré&@sbow on one of the Dyno Nobel transformer mageed
its long term emergency thermal rating.

As the Cardinal Power runback scheme will autoradljiénitiate for the loss of either AL1 or AL2 kaker,
the runback scheme to 141 MW may not be suffiareneéducing Dyno Nobel transformer loadings to with
their continuous rating. In some cases, this nwyoe enough and further curtailment at Cardinavéto
may be required.

Prior to incorporation of Cardinal Power G3, ieigected that there will be 50 MW of embedded gpttiaar
to be incorporated at Morrisburg. It is expecteat the addition of embedded generation at Morrigbu
Cardinal Power may further aggravate the circutagiower at Dyno Nobel.

Hydro One has indicated that there are reverse plawies at Morrisburg TS. Transformers at Mortist
each have a reverse power flow limit of 40 MW (cambus), 60 MW (15 minutes) and 50 MW (1 hour 15
minutes).

An analysis of the circulation power at Dyno Noaetl Morrisburg TS was performed with the following
scenarios:

» Sb5: Under present conditions with no Cardinal &3a@sion and no embedded generation

e S6: Under future conditions with no Cardinal G3axgion and 50 MW of embedded generation at
Morrisburg

» S3: Under future conditions with Cardinal G3 expansnd 50 MW of embedded generation at
Morrisburg

The table below shows results under (i) pre-Catdoaver runback conditions and (ii) post-Cardinal
Power runback conditions (after 15 minutes). Resarlé also shown for instances in which a manual
redispatch is required post Cardinal Power runi@ckspect continuous reverse power flow limit at

Morrisburg TS:
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Table 18 Summary Flows at Dyno Nobel TS and Morrisburgf@iSvarious Cardinal Breaker AL1 and AL2 continges

Flows (MW)"
Dyno Nobel Morrisburg
T1 T2 T3 T4

@115 | @115 | @ 115 | @115

kV bus | kVbus | kVbus | kV bus
Continuous Rating (MVA) 13.3 13.3 83 83
10 day Rating (MVA) 14.9 14.9 128 128
15 minute Rating (MVA) N/A N/A 174.2 174.2
(1) Loss of Breaker AL2
S5: Existing (pre-runback) 10.3 -7.5 46.8 -26.2
S5: Existing+ Cardinal runback to 141 MW 8.4 -5.6 38.5 -17.7
S6: 50 MW of embedded generation (pre-runback) 10.0 -7.2 20.8 -50.5
S6 : 50 MW of embedded generation+ Cardinal runbaddl MW 8.1 -5.3 12.3 -42.1
S6: 50 MW of embedded generation+ Cardinal runbadd1 MW+ manual redispatch of Cardinal to 130 MW 7.5 -4.7 9.8 39.7
S3: Cardinal expansion+50 MW of embedded generggicarrunback) 10.8 -8.0 24.1 -53.8
S3: Cardinal expansion+50 MW of embedded generati@ardinal runback to 141 MW 8.4 -5.6 13.8 -43.7
S3: Cardinal expansion+50 MW of embedded generati@ardinal runback to 141 MW+ manual redispatcafdinal to 130 MW 7.5 -4.7 10.1 -39.9
(i) Loss of Breaker AL1
S5: Existing (pre-runback) -7.4 10.2 -24.8 46.5
S5: Existing+ Cardinal runback to 141 MW -5.4 8.2 -16.5 37.2
S6: 50 MW of embedded generation (pre-runback) -7.4 10.2 -51.7 21.8
S6: 50 MW of embedded generation+ Cardinal runbadd1l MW -5.5 8.3 -43.1 13.4
S6: 50 MW of embedded generation+ Cardinal runbaddl MW+ manual redispatch of Cardinal to 126 MW -4.7 7.5 -39.9 10.1
S3: Cardinal expansion +50 MW of embedded genergfice-runback) -8.2 11.0 -54.7 25.1
S3: Cardinal expansion+50 MW of embedded generationback to 141 MW -5.8 8.6 -44.7 14.8
S3: Cardinal expansion+50 MW of embedded generatiderdinal runback to 141 MW+ manual redispatch of -4.7 7.5 -39.8 10.1
Cardinal facility to 126 MW
(iii) Loss of Breaker AL1, Morrisburg T3 O/S
S5: Existing (pre-runback) -10.2 13.0 0 20.7
S5: Existing+ Cardinal runback to 141 MW -7.4 10.1 0 20.7
S6: 50 MW of embedded generation (pre-runback) -13.1 15.9 0 29.9
S6: 50 MW of embedded generation+ Cardinal runitadidl MW -10.3 13.1 0 29.9
S3: Cardinal expansion +50 MW of embedded generdfice-runback) -14.3 17.0 0 -29.8
S3: Cardinal expansion +50 MW of embedded generatidardinal runback to 141 MW -10.8 13.6 0 -29.8

Note (1) Positive flow represents an inflow of power. Negmflow represents an outflow of power.
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(iv) Loss of Breaker AL1, Morrisburg T4 O/S

S5: Existing (pre-runback) -12.7 15.6 20.7 0
S5: Existing+ Cardinal runback to 141 MW -9.8 12.6 -20.7 0
S6: 50 MW of embedded generation (pre-runback) -10.2 13.0 -29.8 0
S6: 50 MW of embedded generation+ Cardinal runitadidl MW -7.3 10.1 -29.8 0
S3: Cardinal expansion +50 MW of embedded generdfice-runback) -11.3 14.2 -29.8 0
S3: Cardinal expansion +50 MW of embedded generatidardinal runback to 141 MW -7.8 10.6 -29.8 0
(v) Loss of Breaker AL2, Morrisburg T3 O/S

S5: Existing (pre-runback) 15.8 -12.9 0 20.7
S5: Existing+ Cardinal runback to 141 MW 12.9 -10.1 0 20.7
S6: 50 MW of embedded generation (pre-runback) 12.7 -9.9 0 -29.8
S6: 50 MW of embedded generation+ Cardinal runbadidl MW 9.7 7.0 0 -29.8
S3: Cardinal expansion +50 MW of embedded generdfice-runback) 13.9 -11.0 0 -29.8
S3: Cardinal expansion +50 MW of embedded generatidardinal runback to 141 MW 10.3 -7.5 0 -29.8
(vi) Loss of Breaker AL2, Morrisburg T4 O/S

S5: Existing (pre-runback) 13.3 -10.4 20.7 0
S5: Existing+ Cardinal runback to 141 MW 10.4 7.6 20.7 0
S6: 50 MW of embedded generation (pre-runback) 15.6 -12.8 -29.8 0
S6: 50 MW of embedded generation+ Cardinal runbaddl MW 12.8 -10 -29.8 0
S3: 15 MW at Cardinal+50 MW of embedded generation 16.8 -14.0 -29.8 0
S3: 15 MW at Cardinal+50 MW of embedded generatiGa#dinal runback to 141 MW 13.3 -10.5 -29.8 0

Note (1) Positive flow represents an inflow of power. Neégmflow represents an outflow of power.

As shown inScenarios S3, S&ndS5, the loss of either Cardinal AL2 or Cardinal ALillwesult in circulation power at Dyno Nobel. Theading
on either Dyno Nobel T1 or T2 transformers, howeweglt be within their limited timed rating of 1419IVA, pre-Cardinal Power runback.
Subsequent operation of the Cardinal Power runbele&me will help reduce the transformer loadinigetavithin its continuous rating after 15
minutes of operation. Note, this study assumegreoMobel load of about 2.8 MW. Sensitivity stugliepeated witscenario S3(15 MW at
Cardinal+50 MW of embedded generation), indicaté the Dyno Nobel load would have to be greaten tta5 MW at 0.9 power factor in order
for either transformer to be loaded over its lozigt emergency rating for the loss of either Caildihd or AL2 breaker.

If Morrisburg T4 and breaker AL1 is lost or Morrigig T3 is out of service and breaker AL2 is lastan be observed that embedded generation at
Morrisburg will help reduce the level of circulagipower while Cardinal G3 would help to increasel#vel of circulating power. On the other
hand, if Morrisburg T4 is out of service and braake?2 is lost or Morrisburg T3 is out of servicedaAL1 is lost,both the embedded generation at
Morrisburg and Cardinal G3 will increase the lesktirculating power at Dyno Nobel. As such, ieigected that pre-contingency curtailment
may be required at both Cardinal Power and embegeeeration at Morrisburg TS to prevent the paover loading at the Dyno Nobel
transformers due to the excessive transformer povlews as a result of the loss of AL1 or AL2 bikees during outages to Morrisburg T3 or
Morrisburg T4 transformer.
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Circulating power also exists at Morrisburg TS.tMB0 MW of Morrisburg embedded generation and no
Cardinal G3 expansion, as much as 52 MW and 43 Mt&ansformer outflow may exist at either

Morrisburg TS transformer for the IBO of CardindlAor AL2 breaker pre Cardinal Power runback scheme
initiation and 15 minutes of post Cardinal Powertrack scheme operation, respectively. These feows
within the Morrisburg 15 minute reverse power calitglof 60 MW. In order to respect the continuous
reverse power flow of 40 MW, study results indiciiiat Cardinal Power net generation will need to be
manually redispatched to 130 MW within about anrtedter runback.

With 50 MW of Morrisburg embedded generation arel@ardinal G3 expansion, as much as 55 MW and 45
MW of transformer outflow may exist at either Mstvurg TS transformer for the IBO of the CardinallAL

or AL2 breaker pre the Cardinal Power runback s@&imtiation and 15 minutes of post Cardinal Power
runback scheme operation, respectively. Thesesfene within the Morrisburg 15 minute reverse power
capability of 60 MW. In order to respect the conbus reverse power flow of 40 MW, study resultiaate

that Cardinal Power net generation will need tortagually redispatched to 126 MW within about anrhou
after runback.
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6.8 Control Systems Assessment

6.8.1 GOVERNOR SYSTEM PERFORMANCE TESTING

The proposed generator at Cardinal G3 is to bepeqdiwith a Gas Turbine-Governor modeled by GAST
PTI model.

As per appendix 4.2 of Market Rules, a generatimhgreater than 10 MW shall have the capability to

* Regulate speed with an average droop based on maxauntive power adjustable between 3% and
7% and set at 4% unless otherwise specified biBE©.

To evaluate governor performance, the Governor Ptest was performed with an initial loading of 50%
the machine MVA (0.5 * 18.75 MVA = 9.375 MVA) anem speed with a step change of 1%. The response
of this test is shown iRigure 8.

From the graphs the governor droop was calculatée ¥4 % which meets the Market Rule requirements.
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6.8.2 EXCITATION SYSTEM PERFORMANCE TESTING
The proposed generator at Cardinal G3 is to bepeqdiwith an IEEE Type ST4B Potential Source-

Controlled Rectifier Exciter by the ESST4B PTI mbdée excitation system test was performed with a
generator output of 15 MW.

EXCITATION SYSTEM CEILING CAPABILITY TEST

As per appendix 4.2 of Market Rules, each generd#ioility directly connected to the IESO-contralle
grid shall have an Excitation System with the cdjigho:

* Provide positive and negative ceilings not less th@0% and 140% of rated field voltage at rated
terminal voltage and rated field current

To evaluate the positive and negative ceilinggoase ratio tests were performed.

The positive ceiling test automatically raisesrisference setting of the voltage regulator by gdar
amount at time equal zero, with the generatoralited to at rated voltage, rated active powerraqdired
maximum continuous reactive power.

Figure 9 shows that for the positive ceiling capabilityttése exciter field voltage is increased from the

rated value of 2.9845 pu. to the ceiling voltag& GfL pu which is 258% of the rated field voltage.
Therefore, the exciter at Cardinal G3 has a peasitailing capability of at least 200%.
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Figure 9: Positive Ceiling Capability Test Respores

The negative ceiling test automatically lowersriference setting of the voltage regulator by gdar
amount at time equal zero, with the generatoralied to at rated voltage, rated active powerraqdired
maximum continuous reactive power.

Figure 10shows that for the negative ceiling capabilityt,tése exciter field voltage is increased from the
rated value of 2.9845 pu. to the ceiling voltag® @80 pu which is 304% of the rated field voltage.
Therefore, the exciter at Cardinal G3 has a pasiteiling requirement of at least 140% .
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EXCITATION SYSTEM OPEN CIRCUIT RESPONSE TEST

As per appendix 4.2 of Market Rules, each generd#ioility directly connected to the IESO-contralle
grid shall have an Excitation System with the cédjigho:

* Provide a voltage response time to either ceilioignmore than 50 ms for a 5% step change from
rated voltage under open-circuit conditions
Open circuit test for +5% step change in referermiage was performed to verify if the exciter lize

capability of reaching 1.95 * Efgastarting from Efd = Efdweawithin 50 ms.

Figure 11 shows the open circuit test results for a +5% stemge in reference voltage
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Figure 11: Open Circuit Test for +5% Reference Vdiage Change

From the graph it was observed that&fgd(t=0) = 1.0280 = Efg. Eftaeq= 2.9845 p.u
Therefore the required time to reach 1.95 * Efg= 5.82 p.uis:

1.95 Efdyared — Efdoc

* = 84.5ms
1.95 Efd;teq — Efdrated

RToc pos = 50

From the graph it was observed that Efd reachesstiue at approximately 4.7 ms.

Open circuit test for -5% step change in referamttage was performed to verify if the exciter liaes
capability of reaching -1.28 * Efgkastarting from Efd = Efdieawithin 50 ms.

Figure 12 shows the open circuit test results for a -5% stegge in reference voltage
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Figure 12: Open Circuit Test for -5% Referencetageé Change

From the graph it was observed thatffd(t=0) = 1.0280 = Efg. Efdaes=2.9845 p.u
Therefore the required time to reach -1.28 * Efd= -3.82 p.u is:

1.28 Efd;eq + Efdo.
*
1.28 Efd;4teq + Efdrated

RToc neg = 50 = 37.6 ms

From the graph it was observed that Efd reachesstlue at approximately 2.6 ms

Therefore Cardinal G3 can provide a voltage respting to either ceiling for a 5% step change frated
voltage under open-circuit conditions that is witbD ms.
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EXCITATION SYSTEM POSITIVE CEILING CAPABILITY AT%®F RATED FIELD CURRENT

As per appendix 4.2 of Market Rules, each generddoility directly connected to the IESO-contrdlle
grid shall have an excitation system with the céjpaho:

» Provide a positive ceiling not less than 170% téddield voltage at rated terminal voltage and
160% of rated field current

The above requirement was performed by modellingli@al G3 connected to an infinite bus system tatdra
terminal voltage. The reference voltage was raiseld00081 p.u. in order to achieve a steady sthtre
field current and field voltage were equal to 160Ptated values. The reference voltage was thieeddo
1.04 pu. Figure 13 shows this test.

[ [ [ [ =2 A A
o o . .
. B o o
o [=d (=) al
o =3 a o
o (=] o (=]
=] =] =] o
Efd = 6.248 pu (182% Ifdrated) T T T T
= = = =
& Il Ind = Ind
# # # #
I — — o o =
[ ! (m} (m] ]
— m m <
A oA m ™ — o
= = =] =] = m
=< ™
I — =] (=] (=] (=]
c c c c
r_,_,_—_————-"’_’_’_—J o O i e
f n no Iy n
0,
AtIfd 4.7770 pu (160% Ifdrated) A A A
D D D D
(=] (=] =] (=]
— — T = T T
= = = =
i i rR
I ] < =]
o <D
O al
(=] (=] ~ (=3
. al S
= = = S

12.000 13.600 15.200 16.800 18.400 20.000
{2.800 14.400 16.000 17.600 19.200

TIME (SECONDS)
Figure 13: Cardinal Power G3 Voltage Response undeated terminal voltage and 160% of rated
field current conditions for 4% change in referencevoltage

From the above graph, it was noticed that fieldage reached 182% of rated field voltage at rated
terminal voltage and 160% of rated field curremtdaeference voltage step change of 4%. Therefore
Cardinal G3 can provide a positive ceiling no lgss 170% of rated field voltage at rated termuzdlage
and 160% of rated field current.
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Transient stability analysis was performed consndgefaults in the St. Lawrence area usBaenario S3
For the specific pre-contingency output level af @ardinal facility, please refer 8ction 6.10of the report.

The following eight contingencies were tested:

Table 19 Summary of Contingencies and Fault ClearimgélPerformed for Transient Analysis

Fault Clearing

ID Contingency V(()iitva)ge ~DEEHET) Time (ms)’
Near Remote
208 ms at Cardinal SS
SC1 3 ph fault on L1IMB 115 kV St. Lawrence 183 mStaLawrence| 208 ms at Morrisburg
2.1 s at Dyno Nobel
258 ms at St. Lawrence
SC2 3 ph fault on LIMB 115 kv Brockville 233 ms@ardinal S$ 258 at Morrisburg
2.1 s at Dyno Nobel
Cardinal Power _ 208 ms at St. ngrence
SC3 3 ph fault on LIMB 115 kv 183 ms at Cardinal SS| 208 ms at Morrisburg
RSS
2.1 s at Dyno Nobel
208 ms at Cardinal SS
SC4 | 3 phfaultonL2M 115 kv St. Lawrence 183 mStatLawrence| 208 ms at Morrisburg
2.1 s at Dyno Nobel
258 ms at St. Lawrence
SC5 3 ph fault on L2M 115 kv Brockville 233 ms ar@inal S$ 258 at Morrisburg
2.1 s at Dyno Nobel
Cardinal Power _ 208 ms at St Lawrence
SC6 3 ph fault on L2M 115 kv 183 ms at Cardinal SS| 208 ms at Morrisburg
RSS
2.1 s at Dyno Nobel
SC7 3 ph fault on L24A 230 kV St. Lawrence 183 nStalLawrence 216 ms at Hawthorne
SC8 3 ph fault on L20H 230 kV St. Lawrence 183 tSteLawrence 216 ms at Hinchinbrook

2.1 s at Brockville

Note: (1) Fault applied at t=100 ms
(1) Fault seen by zone two at Cardinal Power RSS. &deafter 50 ms due to no blocking signal received.

The transient responses are shawAppendix B.

As a sensitivity test, contingency SC1 and SC7 wepeated with Cardinal Power G3 out of servicexamine
transient responses under current conditions. tdtaéCardinal Power facility output was 196 MW ahd
CASCO load was 13 MW. The rotor angle and voltagponses are shownhkigures 14 and 15 A
comparison of the responses with and without Catdtower G3 in service show that the responsesimuitar
and thus, the incorporation of Cardinal G3 doesadlekrsely impact to the transient performancéefslystem
for existing conditions.

\\
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It can be concluded from the results that withrtees 18.75 MVA generator at Cardinal Power in-sexyitone of

the simulated contingencies caused transient iitisyadr undamped oscillations.
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Appendix A: Market Rules — Appendix 4.2
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Appendix 4.2 — Generation Facility
Requirements

The performance requirements set out below shallyap generation facilitiesubject to a&onnection assessment
finalized after March 6, 2010. Performance of algive technologies will be compared at the pofrtamnection to
theIESO-controlled gridwith that of a conforming conventional synchrongeseration unitvith an equal apparent
power rating to determine whether a requiremesatsfied.

Eachgeneration facilitythat was authorized to connect to tB&O-controlled gricprior to March 6, 2010 shall remain
subject to the performance requirements in eff@cefich system at the time of its authorizatioodienect to théESO-
controlled gridwas granted or as agreed to by therket participaneind theESO(i.e. the “original performance
requirements”). These requirements shall prevail tire main elements of an associated system gexgrnor control
mechanism, main exciter) are replaced or substhntieodified. At that time, the replaced or subgially modified

system shall meet the applicable performance rem@nts set out below. All other systems, not aéie &ty
replacement or substantial modification, shall rensaibject to the original performance requirements

Category Generation facility directly connected to the IESO-controlled grid, generation
facility greater than 50 MW, or generation unit greater than 10 MW shall have the
capability to:

1. Off-Nominal Operate continuously between 59.4 Hz and 60.6 Hz and for a limited period of time in the

Frequency region above straight lines on a log-linear scale defined by the points (0.0 s, 57.0 Hz),
(3.3 s, 57.0 Hz), and (300 s, 59.0 H2).

2. Regulate speed with an average droop based on maximum active power adjustable

Speed/Frequency between 3% and 7% and set at 4% unless otherwise specified by the IESO. Regulation

Regulation deadband shall not be wider than + 0.06%. Speed shall be controlled in a stable fashion

in both interconnected and island operation. A 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 consideration will be 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 without IESO
approval.

3. Low Voltage

Ride through routine switching events and design criteria contingencies assuming

Ride Through standard fault detection, auxiliary relaying, communication, and rated breaker interrupting
times unless disconnected by configuration.
Category Generation facility directl y connected to the IESO-controlled grid shall have the

capability to:

4, Active Power

Supply continuously all levels of active power output for 5% deviations in terminal voltage.
Rated active 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 steady-state reactive power requirements, active power reductions to rated active
power are permitted.

5. Reactive Power

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 IESO. A conventional synchronous unit
with a power factor range of 0.90 lagging and 0.95 leading at rated active power
connected via a main output transformer impedance not greater than 13% based on
generator rated apparent power is acceptable.

6. Automatic
Voltage Regulator
(AVR)

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 highest voltage terminal. If the AVR target voltage is a function of
reactive output, the slope AV /AQmax shall be adjustable to 0.5%. The equivalent time
constants shall not be longer than 20 ms for voltage sensing and 10 ms for the forward
path to the exciter 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.
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7. Excitation
System

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 rated terminal 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 under open-circuit conditions; and (d) A linear response between ceilings.
Rated field current is defined at rated voltage, rated active power and required maximum
continuous reactive power.

8. Power System
Stabilizer (PSS)

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 compensation adjustable
to limit angle error to within 30°between 0.2 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 active output unless otherwise
specified by the IESO. Due consideration will be given to inherent limitations.

9. Phase Provide an open circuit phase voltage unbalance not more than 1% at a connection point
Unbalance and operate continuously with a phase unbalance as high as 2%.

10. Armature and Provide short-time capabilities specified in IEEE/ANSI 50.13 and continuous capability
Field Limiters determined by either field current, armature current, or core-end heating. More restrictive

limiting functions, such as steady state stability limiters, shall not be enabled without IESO
approval.

11. Performance
Characteristics

Exhibit connection point performance comparable to an equivalent synchronous
generation unit with characteristic parameters within typical ranges. Inertia, unsaturated
transient impedance, transient time constants and saturation coefficients shall be within
typical ranges (e.g. H > 1.2 Aero-derivative, H > 1.2 Hydraulic less than 20 MVA, H > 2.0
Hydraulic 20 MVA or larger, H > 4.0 Other synchronized units, X'd < 0.5, T'do > 2.0, and
S1.2 < 0.5) except where permitted by the IESO.
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Appendix B: Diagrams for Transient Simulations
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Disclaimer

This Protection Impact Assessment has been prepared solely for the IESO for the purpose of
assisting the IESO 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 IESO
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, tort or otherwise.
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EXECUTIVE SUMMARY
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Figure 1: Cardinal Power CSS Connection to HONI Tr  ansmission System

It is feasible for Cardinal Power to expand its facility by connecting the proposed 15 MW gas
turbine at the location shown in Figure 1 without modifications to Hydro One infrastructure.

PROTECTION HARDWARE
* No changes required.
PROTECTION SETTING

* No changes required.

TELECOMMUNICATIONS

* No changes required.

PCT-226-PIA_Rev0_110623_IESO.doc



