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Disclaimers
IESO

This report has been prepared solely for the parpbassessing whether the connection applicant's
proposed connection with the IESO-controlled grallg have an adverse impact on the reliability of
the integrated power system and whether the IE®QIglssue a notice of conditional approval or
disapproval of the proposed connection under Chdpteection 6 of the Market Rules.

Conditional approval of the proposed connectidmaised on information provided to the IESO by the
connection applicant and Hydro One at the timeads=ssment was carried out. The IESO assumes
no responsibility for the accuracy or completer@ssuich information, including the results of
studies carried out by Hydro One at the requetlt@fESO. Furthermore, the conditional approval is
subject to further consideration due to changekisanformation, or to additional information that
may become available after the conditional apprbaalbeen granted.

If the connection applicant has engaged a congutigrerform connection assessment studies, the
connection applicant acknowledges that the IESObgirelying on such studies in conducting its
assessment and that the IESO assumes no respon&ibithe accuracy or completeness of such
studies including, without limitation, any changedESO base case models made by the consultant.
The IESO reserves the right to repeat any or alheotion studies performed by the consultant if
necessary to meet IESO requirements.

Conditional approval of the proposed connectionmadhat there are no significant reliability issues
or concerns that would prevent connection of tlegegt to the IESO-controlled grid. However, the
conditional approval does not ensure that a preyjdtmeet all connection requirements. In addition
further issues or concerns may be identified bytrtdwesmitter(s) during the detailed design phaae th
may require changes to equipment characteristiddanonfiguration to ensure compliance with
physical or equipment limitations, or with the Tsamssion System Code, before connection can be
made.

This report has not been prepared for any othgrqaarand should not be used or relied upon by any
person for another purpose. This report has besgpaped solely for use by the connection applicant
and the IESO in accordance with Chapter 4, se@iohthe Market Rules. The IESO assumes no
responsibility to any third party for any use, whitmakes of this report. Any liability which the

IESO may have to the connection applicant in respthis report is governed by Chapter 1, section
13 of the Market Rules. In the event that the IEBQ¥ides a draft of this report to the connection
applicant, the connection applicant must be awaatthe IESO may revise drafts of this report gt an
time in its sole discretion without notice to th@aection applicant. Although the IESO will use its
best efforts to advise you of any such changéslite responsibility of the connection applicant t
ensure that the most recent version of this rapda¢ing used.
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Hydro One

The results reported in this report are based einflormation available to Hydro One, at the tinfie 0
the study, suitable for a System Impact Assessofahis connection proposal.

The short circuit and thermal loading levels hagerbcomputed based on the information available
at the time of the study. These levels may bedrigh lower if the connection information changes
as a result of, but not limited to, subsequentgiesiodifications or when more accurate test
measurement data is available.

This study does not assess the short circuit omidoading impact of the proposed facilities on
load and generation customers.

In this report, short circuit adequacy is assessylfor Hydro One circuit breakers. The short gitc
results are only for the purpose of assessingdpalilities of existing Hydro One circuit breakers
and identifying upgrades required to incorporateptoposed facilities. These results should not be
used in the design and engineering of any new istieg facilities. The necessary data will be
provided by Hydro One and discussed with any cammrea@pplicant upon request.

The ampacity ratings of Hydro One facilities artablished based on assumptions used in Hydro One
for power system planning studies. The actual afpeatings during operations may be determined
in real-time and are based on actual system conditincluding ambient temperature, wind speed
and facility loading, and may be higher or lowaarthithose stated in this study.

The additional facilities or upgrades which areuiszp to incorporate the proposed facilities have
been identified to the extent permitted by a Systapact Assessment under the current IESO
Connection Assessment and Approval process. Additifacility studies may be necessary to
confirm constructability and the time required émnstruction. Further studies at more advanced
stages of the project development may identify tiaitil facilities that need to be provided or that
require upgrading.

CAA ID 2011-447 Final Report — December 21, 2011
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Executive Summary

Project Description

Grand Bend Wind L.P. (the “connection applicang’fleveloping a new 100MW wind power
generation farm, Grand Bend Wind Farm (the “prdjeatZurich, Ontario. The project will be
connected to Hydro One’s 28¥ circuit B23D 2.77 km south of Seaforits. The project has been
awarded a Power Purchase Agreement under the Réeatiff (FIT) program with the Ontario
Power Authority. The scheduled project in-serviageds October, 2013.

Findings

1.

10.

11.

12.

The proposed connection arrangement and equiproetiid project are acceptable to the IESO.
As outlined by Hydro One in the Protection Impasséssment (PIA), an additional breaker in
series with the proposed 230 kV breaker at the ection point will be installed for breaker fail
scenarios.

The asymmetrical fault current at Bruce A 230 kMtshyard before and after the incorporation

of the project will exceed the interrupting capipibf the existing breakers. Hydro One has
planned to replace the Bruce 230 kV breakers t@orgfault current interrupting capability in

the long term. Before the circuit breakers areaegd, temporary operational mitigation measures
have been developed by Hydro One in collaboratiih the IESO.

The project is connecting in the Bruce Area whemagdmission connected generation projects
participate in the Bruce Special Protection SchéB&PS).

The reactive power capability of the wind turbirengrators (WTGs) along with the impedance
between the WTGs and the IESO controlled grid tesnla reactive power deficiency at the
connection point which has to be compensated witlitianal reactive power devices.

The functions of the proposed wind farm controkeysmeet the requirements in the Market
Rules.

The voltage performance with the proposed the ptageexpected to be acceptable under both
pre-contingency and post-contingency operating itiomg

Circuit S2S will be required to operate open-looger certain conditions after the integration of
the committed generation in the Bruce Area to pmetleermal overloading.

The WTGs of the project and the power system gpeerd to be transiently stable following
recognized fault conditions.

The proposed wind turbine generators are expeotbd tible to remain connected to the grid for
recognized system contingencies that do not rertieveroject by configuration.

Protection adjustments identified by Hydro Onehia Protection Impact Assessment (PIA) to
accommodate the project have no adverse impadteoretiability of IESO-controlled grid.

The relay margins on the affected circuits afteriticorporation of the project conform to the
Market Rules’ requirements.

In the event of high flows eastward towards Torotitere is a low probability of congestion that
may require the connection applicant to curtaibittput.

Final Report — December 21, 2011 CAA ID 2011-447 1
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IESO Requirements for Connection
Transmitter Requirements
The following requirements are applicable to tlasmitter for the incorporation of the project:

(1) Hydro One is required to review the relay settiobghe 230 kV circuit B23D and any other
circuits affected by the project, as per solutimetified in the PIA.

Modifications to protection relays after this SE\finalized must be submitted to the IESO as
soon as possible or at least six (6) months befoyemodifications are to be implemented. If
those modifications result in adverse reliabilitypacts, the connection applicant and the
transmitter must develop mitigating solutions.

(2) Hydro One must modify the existing Bruce Specialt@ction Scheme to incorporate the project.

Applicant Requirements

Specific Requirements. The followingspecific requirements are applicable for the incorporatibtihe
project. Specific requirements pertain to the lefelkactive compensation needed, operation
restrictions, special protection system, upgradihgguipment and any project specific items not
covered in thgeneral requirements.

(1) The project is required to have the capabilitinfect or withdraw reactive power continuously
(i.e. dynamically) at the connection point up t&@8f its rated active power at all levels of active
power output.

Based on the equivalent collector impedance pammsptovided by the connection applicant, a
static capacitive compensation device of at leddva&r@34.5 kV installed at the project collector
bus would satisfy the reactive power requiremehe flequired capacitive compensation shall be
implemented as a part of wind farm control systeat automatically controls the switching of
capacitor banks to regulate the overall WTGs’ ligaautput to around zero output.

The connection applicant has the obligation to enthat the wind farm has the capability to
meet the Market Rules requirement at the connegtbamt and be able to confirm this capability
during the commissioning tests.

The connection applicant is required to providaalized copy of the functional description of
the wind farm control systems for approval to th80 before the project is allowed to connect.

(2) Special protection system facilities must be inesthit the project to accept a single pair (A & B)
of G/R signals from the BSPS, and disconnect tbhgept from the system with no intentional
time delay when armed for G/R following a triggeyicontingency. These special protection
system facilities must also comply with the NPCdidslity Reference Directory #7 for Type 1
special protection systems. In particular, if tfiS3s designed to have ‘A’ and ‘B’ protection at a
single location for redundancy, they must be ofedint non-adjacent vertical mounting
assemblies or enclosures. Two independent trig @od required on the breakers selected for
G/R. The applicant must provide two dedicated comation channels, separated physically
and geographically diverse, between the projecth@druce NGS.

To disconnect the project from the system for GiRwltaneous tripping of the two 230 kV
breakers at the connection point shall be initiat@d no accompanying breaker failure response.
After being tripped by the BSPS, the closing of bheakers is not permitted until approval is
obtained from the IESO. Alternative solutions teadinnect the project from the system for G/R
may be acceptable upon the approval of the IESO.

2 CAAID 2011-447 Final Report — December 21, 2011
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General Requirements: The connection applicant shall satisfy all appllealequirements and
standards specified in the Market Rules and theshission System Code. The following
requirements summarize some of the general reqairestthat are applicable to the project, and
presented in detail in section 2 of this report.

(1) The connection applicant shall ensure that theeptdjas the capability to operate continuously
between 59.4Hz and 60.6Hz and for a limited peoiotime in the region above straight lines
on a log-linear scale defined by the points (B0sQHz), (3.3s, 57.0Hz), and (300s, 59.0Hz).

The project shall respond to frequency increasetiycing the active power with an average
droop based on maximum active power adjustabled®mt8% and 7% and set at 4%.
Regulation deadband shall not be wider than + 0.08% project shall respond to system
frequency decline by temporarily boosting its aefpower output for some time (i.e. 10 s) by
recovering energy from the rotating blades, if teishnology is available.

(2) The connection applicant shall ensure that theeptdjas the capability to supply continuously
all levels of active power output for 5% deviationgerminal voltage.

The project shall inject or withdraw reactive powentinuously (i.e. dynamically) at a
connection point up to 33% of its rated active poateall levels of active power output except
where a lesser continually available capabilitgésmitted by the IESO.

The project shall have the capability to regulat®anatically voltage within £0.5% of any set
point within £5% of rated voltage at a point whasgpedance (based on rated apparent power
and rated voltage) is not more than 13% from tighédiét voltage terminal. If the AVR target
voltage is a function of reactive output, the slapgAQmax shall be adjustable to 0.5%. The
response of the project for voltage changes sleadimilar or better than that of a generation
facility with a synchronous generation unit andeanitation system that meets the
requirements of Appendix 4.2.

(3) The project shall have the capability to ride tlgiowoutine switching events and design criteria
contingencies assuming standard fault detectiaxiliaty relaying, communication, and rated
breaker interrupting times unless disconnecteddnyiguration.

(4) The connection applicant shall ensure that thek®8quipment is capable of continuously
operating between 220 kV and 250 kV. Protectivayialg must be set to ensure that
transmission equipment remains in-service for gatabetween 94% of the minimum
continuous value and 105% of the maximum continwalse specified in Appendix 4.1 of the
Market Rules.

(5) The connection applicant shall ensure that the eciion equipment is designed to be fully
operational in all reasonably foreseeable amb@&mperature conditions. The connection
equipment must also be designed so that the adetfesits of its failure on the
IESO-controlled grid are mitigated. This includesering that all circuit breakers fail in the
open position.

(6) The connection applicant shall install at the prbgedisturbance recording device with clock
synchronization that meets the technical specifinatprovided by the transmitter.

(7) The connection applicant shall ensure that the egwipment at the project be designed to
sustain the fault levels in the area. If any futsystem changes result in an increased fault level
higher than the equipment’s capability, the conpacapplicant is required to replace the
equipment with higher rated equipment capable stasning the increased fault level, up to
maximum fault level specified in Appendix 2 of theansmission System Code.

Fault interrupting devices must be able to interfaplt currents at the maximum continuous
voltage of 25kV.

Final Report — December 21, 2011 CAA ID 2011-447 3
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(8) Appendix 2 of the Transmission System Code sthtgsthe maximum rated interrupting time
for the 230 kV breakers must be 3 cycles or lehsisTthe connection applicant shall ensure
that the installed breakers meet the requiredrimpting time specified in the Transmission
System Code.

(9) The connection applicant shall ensure that the pr@tection systems at the project are
designed to satisfy all the requirements of than3imasission System Code and any additional
requirements identified by the transmitter.

As currently assessed by the IESO, the projeavtipart of the Bulk Power System (BPS) and,
therefore it is not designated as essential tpdtveer system.

The protection systems within the project must drifythe appropriate equipment required to
isolate the fault.

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

Any modifications made to protection relays aftes tSIA is finalized must be submitted to the
IESO as soon as possible or at least six (6) mdydfege any modifications are to be
implemented on the existing protection systems.

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

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

(12) The project must be compliant with applicable tglity standards set by the North American
Electric Reliability Corporation (NERC) and the MoEast Power Coordinating Council
(NPCC) that are in effect in Ontario as mappedhefollowing link:
http://www.ieso.ca/imoweb/ircp/orcp.asp

(13) The connection applicant will be required to bestaration participant. Details regarding
restoration participant requirements will be fizelll at the Facility Registration/Market Entry
Stage.

(14) The connection applicant must complete the IESGlisaReqgistration/Market Entry process
in a timely manner before IESO final approval fonoection is granted.

Models and data, including any controls that wdagperational, must be provided to the
IESO at least seven months before energizatiometd&SO-controlled grid. This includes both
PSS/E and DSA software compatible mathematical tsodibe models and data may be
shared with other reliability entities in North Ariea as needed to fulfill the IESO’s
obligations under the Marker Rules, NPCC and NE&REst

The connection applicant must also provide evideadhe IESO confirming that the
equipment installed meets the Market Rules requiregmand matches or exceeds the
performance predicted in this assessment. Thisag&lshall be either type tests done in a
controlled environment or commissioning tests domaite. The evidence must be supplied to
the IESO within 30 days after completion of comnaisigg tests. If the submitted models and
data differ materially from the ones used in tlisessment, then further analysis of the project
will need to be done by the IESO.

4 CAAID 2011-447 Final Report — December 21, 2011
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(15) The Market Rules governing the connection of rerdevgeneration facilities in Ontario are
currently being reviewed through the SE-91 stalddrainitiative and, therefore, new
connection requirements (in addition to those patiin the SIA), may be imposed in the
future. The connection applicant is encourage@ffow developments and updates through the
following link: http://www.ieso.ca/imoweb/consult/consult_se91.asp

Notification of Conditional Approval

The proposed connection of the Grand Bend Wind Faparating up to 100MW, subject to the
requirements specified in this report, is expetteldave no material adverse impact on the religbili
of the integrated power system.

It is recommended thatNotification of Conditional Approval for Connection be issued for the Grand
Bend Wind Farm subject to the implementation ofrdrguirements outlined in this report.

— End of Section —

Final Report — December 21, 2011 CAA ID 2011-447 5
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1. Project Description

Grand Bend L.P. has proposeddevelop a 100 MW wind farm located in Zurich, Oigaknown as
Grand Bend Wind Farm which has been awarded a PBurehase Agreement under the FIT
program with the Ontario Power Authority. It is egbed that commercial operation will start
October 2013.

The wind farm will be connected to Hydro One’s Z30circuit B23D, 2.77 km south of Seaforth TS
via a 30 km 230 kV overhead tap line. The projeita@nsist of 40 units of GE 2.5MW wind
turbines. These wind turbines will be arranged Btgroups of 13 or 14 turbines each. The collector
feeder for each group of turbines will be connedtted 34.5 kV bus via a circuit breaker, which in
turn will be connected to a 34.5/230 kV step-upgfarmer through a disconnect switch. A 230 kV
circuit breaker and a 230 kV motorized disconnegtch will be installed between the high-voltage
side of the step-up transformer and the 230 kMitegp At the other end of the tap line, two
additional 230 kV circuit breakers and a 230 kV onizied disconnect switch will connect the tap line
to circuit B23D.

The proposed connection arrangement is shown imr&igy, Appendix A.

— End of Section —

6 CAAID 2011-447 Final Report — December 21, 2011
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2. General Requirements

The connection applicant shall satisfy all appllealequirements and standards specified in the
Market Rules and the Transmission System Codefdllmaving sections highlight some of the
general requirements that are applicable to thipgiro

2.1 Frequency/Speed Control

As per Appendix 4.2 of the Market Rules, the cotinacapplicant shall ensure that the project has
the capability to operate continuously between $®&4and 60.6 Hz and for a limited period of time
in the region above straight lines on a log-lingeale defined by the points (0.0 s, 57.0 Hz), 6.3
57.0 Hz), and (300 s, 59.0 Hz), as shown in thieviohg figure.
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The project shall respond to frequency increaseedycing the active power with an average droop
based on maximum active power adjustable betweear8¥%w% and set at 4%. Regulation deadband
shall not be wider than + 0.06%. The project shiabpond to system frequency decline by
temporarily boosting its active power output fomsotime (i.e. 10 s) by recovering energy from the
rotating blades. This usually refers to “inertiautation control” function within the wind farm
control system. It is not required for wind faddz to provide a sustained response to system
frequency decline. The connection applicant wikdeéo indicate to the IESO whether the function of
inertia emulation control is commercially availalbbe the proposed type of wind turbine generator at
the time when the wind farm comes into servicéhil function is available, the connection applican
is required to implement it before the project barplaced in-service. If this function is commeligia
unavailable, the IESO reserves the right to askctmnection applicant to install this function et
future, once it is commercially available for theposed type of wind turbine generator.

2.2 Reactive Power/Voltage Regulation

The project is directly connected to the IESO-aolted grid, and thus, the connection applicantlshal
ensure that the project has the capability to:

- supply continuously all levels of active power autpor 5% deviations in terminal voltage.
Rated active power is the smaller output at eithegd ambient conditions (e.g. temperature,

Final Report — December 21, 2011 CAA ID 2011-447 7
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head, wind speed, solar radiation) or 90% of ratpdarent power. To satisfy steady-state
reactive power requirements, active power redusttorrated active power are permitted;

- inject or withdraw reactive power continuously (idynamically) at a connection point up to
33% of its rated active power at all levels of &etpower output except where a lesser
continually available capability is permitted byetiESO. If necessary, shunt capacitors must
be installed to offset the reactive power lossehiwithe project in excess of the maximum
allowable losses. If generators do not have dynamactive power capabilities, dynamic
reactive compensation devices must be installedatoe up the deficient reactive power;

- regulate automatically voltage within £0.5% of as®t point within 5% of rated voltage at a
point whose impedance (based on rated apparentrpmvekbrated voltage) is not more than
13% from the highest voltage terminal. If the AV&det voltage is a function of reactive
output, the slopeAV/AQmax shall be adjustable to 0.5%. The responséafptoject for
voltage changes shall be similar to or better tt@nresponse of a generation facility with a
synchronous generation unit and an excitation systat meets the requirements of Appendix
4.2.

2.3 Voltage Ride Though Capability

The project shall have the capability to ride tlglowoutine switching events and design criteria
contingencies assuming standard fault detectiaxiliaty relaying, communication, and rated breaker
interrupting times unless disconnected by confitjona

2.4 Voltage

Appendix 4.1 of the Market Rules states that umdemal operating conditions, the voltages in the
230 kV system are maintained within the range & 22 to 250 kV. Thus, the IESO requires that the
230 kV equipment in Ontario must have a maximuntiooous voltage rating of at least 250 kV.

Protective relaying must be set to ensure thasimigsion equipment remains in-service for voltages
between 94% of the minimum continuous value and%d 0 the maximum continuous value
specified in Appendix 4.10f the Market Rules.

2.5 Connection Equipment Design

The connection applicant shall ensure that the ection equipment is designed to be fully
operational in all reasonably foreseeable amb@&mptrature conditions. The connection equipment
must also be designed so that the adverse effeitssfailure on the IESO-controlled grid are
mitigated. This includes ensuring that all cirduigéakers fail in the open position.

2.6 Disturbance Recording

The connection applicant is required to instathatproject a disturbance recording device witltklo
synchronization that meets the technical specifinatprovided by the transmitter. The device wdl b
used to monitor and record the response of thegrt) disturbances on the 230 kV system in order
to verify the dynamic response of generators. Tuantities to be recorded, the sampling rate and the
trigger settings will be provided by the transnmitte

8 CAAID 2011-447 Final Report — December 21, 2011
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2.7 Fault Level

The Transmission System Code requires the new mguipto be designed to sustain the fault levels
in the area where the equipment is installed. Tthesconnection applicant shall ensure that the new
equipment at the project is designed to sustainfdlé levels in the area. If any future system
changes result in an increased fault level highan tthe equipment’'s capability, the connection
applicant is required to replace the equipment Wigher rated equipment capable of sustaining the
increased fault level, up to maximum fault leveledfied in the Transmission System Code.
Appendix 2 of the Transmission System Code estadisthe maximum fault levels for the
transmission system. For the 230 kV system, themmam 3 phase symmetrical fault level is 63 kA
and the maximum single line to ground symmetriaaltflevel is 80 kA (usually limited to 63 kA).

Fault interrupting devices must be able to interfaplt currents at the maximum continuous voltage
of 250 kV.

2.8 Breaker Interrupting Time

Appendix 2 of the Transmission System Code statsthe maximum rated interrupting time for the
230 kV breakers must be 3 cycles or less. Thussdhaection applicant shall ensure that the
installed breakers meet the required interruptimg tspecified in the Transmission System Code.

2.9 Protection System

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

Facilities that are essential to the power systeustnibe protected by two redundant protection

systems according to section 8.2.1a of the TSGes@medundant protections systems must satisfy all
requirements of the TSC, and in particular, theystmot use common components, common battery
banks or common secondary CT or PT windings. Aseatlly assessed by the IESO, this project is

not on the current Bulk Power System list, and afege, is not considered essential to the power
system. In the future, as the electrical systeaives, this project may be placed on the BPS list.

The protection systems within the project must dnfythe appropriate equipment required to isolate
the fault. After the project begins commercial @pien, if an improper trip of the 230 kV circuit
B23D occurs due to events within the project, thgjget may be required to be disconnected from
the IESO-controlled grid until the problem is resl.

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

Any modifications made to protection relays aftes tSIA is finalized must be submitted to the IESO
as soon as possible or at least six (6) monthgdefoy modifications are to be implemented on the
existing protection systems. If those modificasioasult in adverse impacts, the connection apglica
and the transmitter must develop mitigation sohgio
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2.10 Telemetry

If applicable according to Section 7.3 of Chapterf the Market Rules, the connection applicantlshal
provide to the IESO the applicable telemetry dastad in Appendix 4.15 of the Market Rules on a
continual basis. The data shall be provided in @tzrtce 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 of
certain equipment status and operating quantitréshwwill be identified during the IESO Facility
Registration/Market Entry Process.

To provide the required data, the connection apptimust install at this project monitoring
equipment that meets the requirements set forfppendix 2.2 of Chapter 2 of the Market rules. As
part of the IESO Facility Registration/Market Enprpcess, the connection applicant must also
complete end to end testing of all necessary teakgrpeints with the IESO to ensure that standards
are met and that sign conventions are understéddound anomalies must be corrected before
IESO final approval to connect any phase of thgegtas granted.

2.11 Revenue Metering

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

2.12 Reliability Standards

Prior to connecting to the IESO controlled grice groject must be compliant with the applicable
reliability standards established by the North Agar Electric Reliability Corporation (NERC) and
reliability criteria established by the Northeastver Coordinating Council (NPCC) that are in effect
in Ontario. A mapping of applicable standardsgblasn the proponent’s/connection applicant’s
market role/OEB license can be found hétép://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 ari@NRiteria 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 participamplance with a selection of applicable
reliability standards each year as part of the @mtReliability Compliance Program. To find out
more about this program, write d¢ocp@ieso.car visit the following webpage:
http://www.ieso.ca/imoweb/ircp/orcp.asp

Also, to obtain a better understanding of the ajplie reliability compliance obligations and engage
in the standards development process, we recomthahthe proponent/ connection applicant join
the IESO’s Reliability Standards Standing Commit{lRESC) 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
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2.13 Restoration Participant

According to the Market Manual 7.8 which statesaegion participant criteria and obligations, the
connection applicant will be required to be a negtton participant. Details regarding restoration
participant requirements will be finalized at thechity Registration/Market Entry Stage.

2.14  Facility Registration/Market Entry

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

Models and data, including any controls that wdagdbperational, must be provided to the IESO.
This includes both PSS/E and DSA software compatithematical models representing the new
equipment for further IESO, NPCC and NERC analystadies. The models and data may be shared
with other reliability entities in North America ageded to fulfill the IESO’s obligations under the
Marker Rules, NPCC and NERC rules. The connectopti@ant may need to contact the software
manufacturers directly, in order to have the modwelkided in their packages. This information
should be submitted at least seven months befangigation to the IESO-controlled grid, to allow

the IESO to incorporate this project into IESO weyktems and to perform any additional reliability
studies.

As part of the IESO Facility Registration/Markettgrprocess, the connection applicant must
provide evidence to the IESO confirming that theippent installed meets the Market Rules
requirements and matches or exceeds the perfornpaedited in this assessment. This evidence
shall be either type tests done in a controlledrenment or commissioning tests done on-site. In
either case, the testing must be done not onlgdonralance with widely recognized standards, but
also to the satisfaction of the IESO. Until thisdence is provided and found acceptable to the
IESO, the Facility Registration/Market Entry progesll not be considered complete and the
connection applicant must accept any restrictibedESO may impose upon this project’s
participation in the IESO-administered marketsamrection to the IESO-controlled grid. The
evidence must be supplied to the IESO within 3Gsd#ter completion of commissioning tests.
Failure to provide evidence may result in discotioadrom the IESO-controlled grid.

If the submitted models and data differ materifdbm the ones used in this assessment, then further
analysis of the project will need to be done byl&®O.

2.15 Other Connection Requirements

The Market Rules governing the connection of rer@generation facilities in Ontario are
currently being reviewed through the SE-91 stalddrainitiative and, therefore, new connection
requirements (in addition to those outlined in 84), may be imposed in the future. The connection
applicant is encouraged to follow developmentsgpdhtes through the following link:
http://www.ieso.ca/imoweb/consult/consult_se91.asp

-End of Section-
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3. Data Verification

3.1 Connection Arrangement

As identified in the Protection Impact Assessmemhgleted by Hydro One (Section 5 and Appendix
B of this report), a second 230 kV breaker in sewéh the proposed breaker will be installed at th
connection point.

The connection arrangement of the project willneoluce the level of reliability of the integrated
power system and is, therefore, acceptable toBEBOI

3.2 GE 2.5 MW - 103 WTG

The GE 2.5MW - 103 WTG is a three bladed, varigiiteh, variable speed, and full conversion wind
turbine generator system. Its specifications acevshin Table 1.

Table 1: Specifications of GE2.5 MWWTG

Rated | Rated| Rated Transformer Qmax | Qmin

Type
P Voltage | MVA | Mw [mva | R | x| (MX) | (MX)

GE 25-103] 690V 3 2.5 2.8 0.d 69 121 -121

Voltage Ride-Through Capability

The proposed GE 2.5MW wind turbine will be equipméth the Zero Voltage Ride-Through option
(ZVRT). During a voltage drop/raise, the minimumé for a WTG to remain online is shown in
Table 2.

Table 2: WTG Voltage Ride-Through Capability

Voltage Range (% of base voltage) Minimum time for WTGs to Remain Online (seq)

V<15 0.2
15<Vv<30 0.7
30<V<50 1.2
50<V<90 1.9

90<V<110 No trip
110<V <115 1.0
V>115 0.1

The adequacy of the voltage ride-through capaljititythe proposed WTGs was verified by
performing transient stability studies as detaite8ection 6.8 of this report.
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Frequency Ride-Through Capability

The GE 2.5MW wind turbine can remain online continsly for abnormal frequency +2.5 Hz, and
stay online for 10 seconds for abnormal frequerieyHz.

The Market Rules state that the generation faddlitgctly connecting to the IESO-controlled grid
shall operate continuously between 59.4Hz and GOditd for a limited period of time in the region
above straight lines on a log-linear scale defimgthe points (0.0s, 57.0Hz), (3.3s, 57.0Hz), and
(300s, 59.0Hz).

The frequency ride-through capability of the pragab8VTGs meets the Market Rules’ requirements.

3.3 Main Step-Up Transformers

Table 3: Main Step-Up Transformer Data

| volage | RSOV I L nea (0] Tap
(ONAN/ONAF/ONAF) Su= 75 MVA HV LV Sy= 75 MVA
ULTC@ HV:
T1 |230/34.5kV 75/100/125MVA 0.00+4j0.10 Yg| Delta 0.00+j0.047 |17 steps, 226-
251.5 kV

3.4 Collector System

Table 4: Equivalent Impedance of Collectors

Positive-Sequence Impedancd Zero-Sequence Impedafée
Circuit | Unit# | MW (pu, $=100MVA) (pu, $=100MVA)
R X B R X B
C1 14 35 0.04781 0.11507 0.00089 N/A N/A N/A
C2 13 32.5| 0.04781 0.11502 0.00089 N/A N/A N/A
C3 13 32.5| 0.04781 0.11502 0.00089 N/A N/A N/A

(*) Zero-sequence impedance has not been provibgical data was assumed during the SIA. The
applicant needs to provide this data during theQB&arket Entry process.

3.5 Connection Equipment
3.5.1 HV Switches

Table 5: Parameters of HV Disconnect Switches

Identifier Voltage Ratin Continuous Current Short Circuit
9 9 Rating Symmetrical Rating
89-LH1 250 kV 1200 A 50 kA
89-LH2 250 kV 1200 A 50 kA

The HV switch meets the maximum continuous voltagieg requirement of 250 kV.
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3.5.2  HV Circuit Breakers
Table 6: Parameters of HV Circuit Breakers
o . Interrupting Continuous Short Circuit
JEEITHIER | MRS (REI Time Current Rating | Symmetrical Rating
52-L1 250 kv 3 cycles (50 ms) 1200 A 50 kA
52-TL1 250 kv 3 cycles (50 ms 1200 A 50 kA

The HV circuit breaker meets the maximum continwlsage rating requirement of 250 kV and the
required 3 cycles or less interrupting time.

The symmetrical rated short circuit breaking cutrarthe 230 kV breakers are 50 kA. This value is
below the maximum 3 phase symmetrical fault le¥é@DkA established by the Transmission
System Code for the 230 kV system. Fault studiesvehin Section 4 of this report show that the
230kV breaker ratings of 50 kA are sufficient tahgtand fault levels at the project. The connection
applicant should be aware that if any future systeanges result in increased fault current higher
than the equipment’s capability, the connectiorliappt would be required to replace these breakers
at its own expense with higher rated breakers updaonaximum fault level of 63 kA.

3.5.3 Tap Line

Table 7: Parameters of the Tap Line

Positive-Sequence Impedan| Zero-Sequence Impedafiée
L(irr‘g)th (pU, $=100MVA) (pu, S=100MVA)
R X B R X B
30 0.00501 0.03132| 0.0475 N/A N/A N/A

(*) Zero-sequence impedance has not been provibgical data was assumed during the SIA. The
applicant needs to provide this data during theQB&arket Entry process.

3.6 Wind Farm Control System

The proposed wind farm will be equipped with the WEBIdCONTROL System. This control system
is designed to interface with each WTG in the wianain for regulating system voltage, system power
factor and real and actual power for the entiredvfarm. It also has the capability to coordinaid a
control fixed reactor and capacitor banks whertoked reactive requirements for the farm cannot be
supplied by the reactive capability of the WTGs.

Voltage Control
The WindCONTROL System has the following functioekted to the voltage control:

* Voltage, VAR and Power Factor Control

The WindCONTROL System has a voltage or power fadtwsed loop regulator controlling voltage
at the connection point or reactive power injedtgdhe wind farm at the connection point by
regulating the reactive output of the WTGs.

* Fixed Reactor and Cap Bank Control and Coordination

14 CAAID 2011-447
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The WindCONTROL System is able to control and cowtt the insertion of up to 4 fixed capacitor
or reactor banks. These banks may be operated atitailty in conjunction with the voltage or
power factor regulator.

* Line Drop Compensation / Voltage Droop Compensation

The voltage regulator and the power factor regulean implement line drop-compensating logic to
correct for voltage drops and VAR losses on the. liFhe voltage regulator can be configured with
voltage droop compensation, which allows tightlygled adjacent voltage regulators to share in the
voltage regulation of a point that is common tadladl adjacent regulators.

The voltage control functions enable the proposied arm to operate in voltage control mode and
control voltage at a point whose impedance (base@died apparent power and voltage of the
project) is not more than 13% from the connectioimip Thus, it is acceptable to the IESO.

The function of voltage control meets the requireta®f the Market Rules.
Frequency Control

The WindCONTROL System has a function of frequeth@op control which controls the wind farm
power output based upon the grid frequency. Thistfan is similar to governor droop control for a
conventional rotating generator.

The WindCONTROL System also has the feature of WB4RTIA which enables the GE 2.5 MW
WTG to provide inertial response to help stabitjziel frequency. This feature supports the grid
during under frequency events by providing a terapoincrease in power production for a short
duration, contributing towards frequency recovdityis is achieved by tapping into the stored kinetic
energy in the rotor mass.

The function of frequency control meets the requiats of the Market Rules.

-End of Section-
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4, Short Circuit Assessment

Fault level studies were completed by the tranemitt examine the effects of the project on fault
levels at existing facilities in the surroundingar Studies were performed to analyze the fauti$ev
with and without the project and other recently oatted generation projects in the system.

The short circuit study was carried out with thikofeing primary system assumptions:

(1) Generation Facilities In-Service

East

Lennox G1l-G4 Chenaux G1-G8

Kingston Cogen G1-G2 Mountain Chute  G1-G2

Wolf Island 300 MW Stewartville G1-G5

Arnprior G1-G2 Brockville G1

Barrett Chute G1-G4 Havelock Gl

Chats Falls G2-G9 Saunders G1-G16

Cardinal Power G1, G2

Toronto

Pickering units G1, G4-G8 Sithe Goreway G11-13, G15
Darlington G1-G4 TransAlta Douglas G1-G3

Portlands GS G1-G3 GTAA G1-G3

Algonquin Power Gl, G2 Brock west G1

Whitby Cogen Gl

Niagara

Thorold GS GTG1, STG2 Beck 2 G11-G26

Beck 1 G3-G10 Beck2 PGS G1-G6

Decew G1, G2, ND1

South West

Nanticoke G1, G2, G5-G8 Kingsbridge WGS  39.6 MW

Halton Hills GS  G1-G3 Amaranth WGS 199.5 MW

Bruce

Bruce A G1-G4 Ripley WGS 76 MW

Bruce B G5-G8 Underwood WGS 198 MW

Bruce A Standby SG1

West

Lambton units G3-G4 Imperial Oll Gl
Brighton Beach G1, G1A, G1B Kruger Port Alma WGS 120MW
Greenfield Energy Centre G1-G4 Gosfield Wind Prbjec 50.6 MW
St. Clair Energy Centre  CTG3, STG3, CTG4, STG4 Ikrdgnergy Chatham WF 101 MW
East Windsor Cogen G1-G2 Raleigh Wind Energy Centi# MW
TransAlta Sarnia G861, G871, G881, G891  Talbot \WHarm 98.9 MW
Ford Windsor CTS STG5 Dow Chemicals G1, G2, G5
TransAlta Windsor Gl, G2 Port Burwell WGS 99 MW
West Windsor Power G1, G2 Fort Chicago London Coge?3 MVA

Great Northern Tri-Gen Cogen 1"9VA

(2) Previously Committed Generation Facilities
¢ Bruce G1, G2 e Port Dover and Nanticoke
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Big Eddy GS and Half Mile Rapids GS
White Pines Wind Farm

Ambherst Island

York Energy Centre

Conestogo Wind Energy Centre 1
Dufferin Wind Farm

Summerhaven Wind Farm

(3) Recently Committed Generation Facilities

(4) Existing and Committed Embedded Generation

Bluewater Wind Energy Centre
Jericho Wind Energy Centre
Bornish Wind Energy Centre
Goshen Wind Energy Centre

Cedar Point Wind Power Project Phase Il

Adelaide Wind Energy Centre
Grand Bend Wind Farms

Grand Valley Wind Farms (Phase 3)
Erieau Wind

Essa area: 264 MW
Ottawa area: 90 MW
East area: 580 MW
Toronto area: 168 MW

(5) Transmission System Upgrades
Leaside - Bridgman reinforcement: Leaside TS teB#CT: build new 115 kV circuit

(CAA2006-238);

* Grand Renewable Energy
* Greenfield South
 Comber East C24Z
 Comber West C23Z

* Pointe-Aux-Roches Wind
* South Kent Wind Farm

e East Lake St. Clair Wind

* Adelaide Wind Power

e Gunn’s Hill Wind Farm

» Silvercreek Solar Park

e K2 wind

e Armow

e 300 MW wind at Orangeville
e 100 MW at S2S

* Niagara area: 52 MW

* Southwest area: 348 MW
e Bruce area: 26 MW

e  West area: 585 MW

St. Catherines 115 kV circuit upgrade: circuits QH10S and Q11S (CAA2007-257);
Tilbury West DS second connection point for DESNuagement using K2Z and K6Z

(CAA2008-332);

Second 500kV Bruce-Milton double-circuit line (CAB@6-250);
Woodstock Area transmission reinforcement (CAA22868);
o0 Karn TS in service and connected to M31W & M32Whgiersol TS
o W7W/W12W terminated at LFarge CTS

0 Woodstock TS connected to Karn TS

Rodney (Duart) TS DESN connected to W44LC and W4883kV circuits (CAA2007-

260)

(6) System Operation Conditions

Lambton TS 230 kV operatagben
Claireville TS 230 kV operatenpen
Leaside TS 230 kV operategen
Leaside TS 115 kV operategen
Middleport TS 230 kV bus operategden
Hearn SS 115 kV bus operategen

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

All tie-lines in service and phase shifters on

neutral taps
Maximum voltages on the buses

Table 8summarizes the fault levels at facilities nearghgect with and without the project
and other recently committed generation projects.
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Table 8: Fault Levels at Facilities Near the Projetc

. After the Project & | Lowest Rating of
ZEiere dis Fiejee Committed Generatior; Circuit Breakers
3-Phase| L-G 3-Phase] L-G (kA)
Symmetrical (kA)*
Bruce A 230 kV 43.0 54.4 44.6 56.2 65***
Detweiler 230 kV 22.9 19.8 23.7 20.3 40
Majestic B23D 230 kV 18.1 16.2 18.6 16.5 63
Grand Bend PCC 230 kV| - - 8.3 8.2 50
Grand Bend 230 kV - - 4.7 5.3 50
Seaforth 115 kV 11.6 13.6 13.7 16.3 29.5
Detweiler 115 kV 24.2 27.1 24.7 27.5 39.3
Asymmetrical (kA)*
Bruce A 230 kV 57.6 78.4** 59.7 80.8** 72.6***
Detweiler 230 kV 26.8 25.3 27.8 25.9 42.1
Majestic 230 kV 21.8 18.3 22.2 18.6 66.3
Grand Bend PCC 230 kV| - - 9.9 10.1 (unknown)***1
Grand Bend 230 kV - - 5.5 6.5 (unknown)****
Seaforth 115 kV 12.9 16.0 15.6 19.6 34.1
Detweiler 115 kV 28.1 33.3 28.7 33.9 45.4

* Based on a pre-fault voltage level of 550 kV 5®0 kV buses, 250 kV for 230 kV buses, and 127 ¢&aV1fL5
kV buses.

*The asymmetrical fault level is based on a brealantact parting time of 44 ms.
**Three lower rated Bruce A 230 kV breakers (D1L8&11L82 and L23T25) are scheduled to be replaced by

December 2012 (see CAA ID#2010-EX511). The listegdst rated circuit breaker value for Bruce A 230 k
assumes these breakers being replaced.

***The applicant must provide the asymmetricalingt of the 230 kV circuit breakers during the IESfarket
Entry process.

Table 8 shows the interrupting capability of th® &¥ circuit breakers of the project is adequate fo
the anticipated fault levels.

The results also show that the line-to-ground asgtrinal fault current at Bruce A 230 kV before
and after the incorporation of the project and otmenmitted projects will exceed the interrupting
capability of the existing breakers. This issue teesn investigated in th8°5IA addendum for the
project of Bruce G1 and G2 restart (CAA ID 2004-1.68here the IESO has identified a requirement
to replace all the Bruce 230 kV breakers with highelt current interrupting capability and assesse
potential mitigation measures for this issue uhtiise circuit breakers are replaced. Hydro One has
planned to replace the Bruce 230 kV breakers.

With the exception of Bruce A 230 kV, the interingtcapability of the lowest rated circuit breakers
near the project will not be exceeded after therparation of the project.

-End of Section-

18 CAAID 2011-447 Final Report — December 21, 2011



System Impact Assessment Report Protection Impact Assessment

5. Protection Impact Assessment

A Protection Impact Assessment (PIA) was completetiydro One to examine the impact of the
wind farm on existing transmission system protextid’roposed changes were included in the system
impact studies.

Protection Changes

The changes to the existing transmission prote&ystems for incorporating the project have been
proposed in the PIA report (Appendix B). The pratetsetting changes are summarized in Table 9.

Table 9: Proposed Protection Setting Changes

. Existin Revised
Station Zone Reach (I?m) Reach (km) Comments
1 65.3 Removed | Zone 1 will be removed due the proximity of thejpod
Seaforth TS connection point to Seaforth TS.
2 102.1 159.2 Set at 125% of the maximum apparent impedance seen
for a fault at Detweiler TS (196% of the line impade).
1 101.3 64.9 Zone 1 shortened to ensure no instantaneous tggpm
Detweiler TS faults on the Grand Bend tap line.
2 101.3 101.3 Unaltered. Set at 125% of the maximum apparent
impedance seen for a fault at Seaforth TS.
1 88 88 Unaltered. Set at 80% of the line impedance faudt fat
Seaforth TS.
Bruce TS 2 152 Removed | Instantaneous Zone 2 settings will be removed ¢wemt
(inst.) tripping for Grand Bend tap line faults.
2 152 152 Unaltered. Set at 125% of the maximum apparent
(timed) impedance seen for a fault at Seaforth TS.

Note: Protections at Seaforth TS protecting the seaifche B23D circuit from Seaforth TS to Bruce TSlwi
not be modified.

Breaker Fail:

Due to the increased exposure to fault conditioitis thie connection of the project’s 30 km tap line,
an additional breaker in series with the propogsedbker is required at the connection point. This wi
ensure that with the failure of one breaker, faudtthe projects 30 km tap line can be isolatethovit
the tripping of terminal breakers at Bruce TS, Dmler TS and Seaforth TS. This will result in less
interruption to the existing generator and loadlifaas connected to the B23D circuit.

Blocking Sgnal:

The existing Permissive Overreaching Scheme ab8eafS and Detweiler TS will be modified to
accept a blocking signal from the project. As si&ch) ms Zone 2 time delay will be introduced in
anticipation of receiving a blocking signal.

Telecommuni cation Requirements;

The connection applicant will be required to inst&l and ‘B’ redundant, fully separated and
geographically diverse communication links betwtenproject and terminal stations.

The PIA concluded that the incorporation of thepmsed project is feasible as long as the proposed
changes outlined in the PIA report are made.

-End of Section-
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6. System Impact Studies

The technical studies focused on identifying thpdet of the new generation station on the religbili
of the IESO-controlled grid. It includes thermahdting assessment of transmission lines, system
voltage performance assessment of local busesjérarstability assessment of the proposed and
major surrounding generation units, ride-througbatslity of the project. The section also
investigates the performance of the proposed closystem and identifies the impact of the proposed
project on existing SPS schemes. In addition, ¢laetive power capability of the project is assessed
and compared to the Market Rules requirements.

6.1 Study Assumptions

In this assessment, the 2014 summer base casesiseerevith the following assumptions:

(1) Transmission Facilities All existing and committed major transmissionilities with 2014 in-
service dates or earlier were assumed in servioe committed facilities primarily include:

e Second 500kV Bruce-Milton double-circuit line (CAB26-250);

¢ Buchanan TS: one 250 MVAr shunt capacitor;
* Nanticoke and Detweiler SVCs;

(2) Generation facilities: All existing and committed major generation fams with 2014 in-
service dates or earlier were assumed in servioe pfimary committed generation facilities are
outlined in the assumptions for short circuit stugigction 4.

(3) BasecasesThree basecases in terms of load levels were nsie iSIA studies: peak load,
shoulder load, and light load. The generation didpphilosophies for the three cases are as
follows:

Peak load basecase

< All committed and existing generation in the Soutktvand Bruce areas were maximized,
including 8 units at Bruce;

« Gas generation, in conjunction with maximum windggtion, in the West area was
dispatched to achieve a NBLIP transfer of approxatye2 000MW,;

* Generation in the North areas was dispatched teeela Flow South transfer of
approximately 1250MW;

e Generation in the Greater Toronto Area included Rigikering units, four Darlington units
and four Sithe Goreway units;

Shoulder load basecase

< All committed and existing generation in the Briarea was maximized;

« Renewable and minimum level gas generation in tkestWas dispatched to achieve an
NBLIP transfer of approximately 986MW,

e Generation in the North areas was dispatchedhigae a Flow North transfer of
approximately 500MW;

* Generation in the Greater Toronto Area included Riakering units and four Darlington
units;

« Generation in the Southwest area was then disghtohealance the load;

Light load basecase

« All dispatchable gas units out of service;
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e Minimum hydraulic generation;

* Nuclear generation limited to three Pickering urtitg Darlington units and five Bruce
units;

« Existing Southwest, West and Bruce area wind g¢ioaran service;

« Incorporation of the project into the system;

The system demand and the primary interface fldtes the incorporation of the project are listed in
Table 10.

Table 10: System Demand and Primary Interface Flowfor Basecases (MW)

Basecase | System Demand| NBLIP | FABC | FETT | QEW FS FIO
Peak Load 26880 2023 641p 6913 1146 1250 1585
Shoulder Load 20716 986 6404 6707  10%5 -488 1309
Light Load 11621 663 3845 906 34 -1048 7416

6.2 Bruce Special Protection Scheme (BSPS)

The Bruce Special Protection Scheme (BSPS) isleatiain of special protection systems installed at
the Bruce B switching station (SS) and at otheiata, which perform pre-defined control actions in
response to recognized contingencies by monitdhagtatus of the electrical connection between
nodes in southern Ontario. The primary purposé®BSPS is to allow increased pre-contingency
transfers on the existing transmission facilitissaaating from the Bruce nuclear generation station
(NGS).

The BSPS is classified as a “Type 1 Special Priote&ystem”, and conforms to criteria and
guidelines specified in the Northeast Power Coattiligy Council (NPCC) Reliability Reference
Directory #7.

The IESO has identified a requirement that windegation stations connecting near the Bruce NGS
must connect to and participate in the BSPS, aslddtin the SIA report and addendum for Hydro
One BSPS modifications (CAA ID 2005-EX222), thedmmration of wind generation rejection
(G/R) to the BSPS is considered a new BSPS comtt@n. This new control action will provide the
IESO with increased operating flexibility duringuismission outage conditions.

Special protection system facilities must be insthat the project to accept a single pair (A &B)
G/R signals from the BSPS, and disconnect the giriiem the system with no intentional time delay
when armed for G/R following a triggering continggnThese special protection system facilities
must also comply with the NPCC Reliability Referemirectory #7 for Type 1 special protection
systems. In particular, if the SPS is designedai@HA’ and ‘B’ protection at a single location for
redundancy, they must be on different non-adjaeeriical mounting assemblies or enclosures. Two
independent trip coils are required on the breagelexted for G/R. The applicant must provide two
dedicated communication channels, separated pllysical geographically diverse, between the
project and the Bruce NGS.

To disconnect the project from the system for GiRwltaneous tripping of the two 230 kV breakers
at the connection point shall be initiated withast@ompanying breaker failure response. After being
tripped by the BSPS, the closing of the breaken®igpermitted until approval is obtained from the
IESO.

Alternative solutions to disconnect the projectrirthe system for G/R may be acceptable upon the
approval of the IESO.
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6.3 Reactive Power Compensation

The Market Rules (MR) require that generators inpeavithdraw reactive power continuously (i.e.
dynamically) at a connection point up to 33% of&ted active power at all levels of active power
output except where a lesser continually availabfgability is permitted by the IESO. A generating
unit with a power factor range of 0.90 lagging &b leading at rated active power connected via
impedance between the generator and the conngaiohnot greater than 13% based on rated
apparent power provides the required range of dimegactive capability at the connection point.

Dynamic reactive compensation (e.g. D-VAR or SVE)dquired for a generating facility which
cannot provide a reactive power range of 0.90 fagygower factor and 0.95 leading power factor at
rated active power. For a wind farm with impedabe®veen the generator and the connection point
greater than 13% based on rated apparent poweidptbthe WTGs have the capability to provide a
reactive power range of 0.90 lagging power fachar @.95 leading power factor at rated active
power, the IESO accepts that the wind farm comgendar excessive reactive losses in the collector
system of the project with static shunts (e.g. capes and reactors).

The SIA proposed a solution for the WF to meet\iierequirements on reactive power capability.
However, the applicant can deploy any other sahgtiwhich result in its compliance with the MR.
The applicant shall be able to confirm this capgbdluring the commission tests.

Dynamic Reactive Power Capability

The dynamic reactive capability of the GE 2.5 todsi is shown in Figure 2, Appendix A. The GE
2.5 - 103 turbine has an option for power factod.&finductive to 0.9 capacitive. The turbines for
this project will use this option. Thus, the dynameactive capability of Grand Bend WF meets the
MR requirements.

Table 11: WTG Dynamic Reactive Power Capability

Rated |Rated Active Reactive Power Capability Power
Voltage Power Factor
IESO 690 V 25MW | Qu = +2.5 x tan [c05(0.9)] = +1.21 Mvar| 0.9 lag
Requirements min = -2.5 x tan [c05(0.95)] = 0.82 Mvar | 0.95 lead
GE 25-103 | 690V 2.5 MW Qa = +1.21 Mvar 0.9 lag
Capability Qmin = -1.21 Mvar 0.9 lead

Static Reactive Power Capability

In addition to the dynamic reactive power requiratmdentified above, the WF has to compensate
for the reactive power losses within the projeatisure that it has the capability to inject or
withdraw reactive power up to 33% of its rated\ax{power at the connection point. As mentioned
above, the IESO accepts this compensation to be mdd switchable shunt admittances.

Load flow studies were performed to calculate théisreactive compensation, based on the
equivalent parameters provided by toenection applicant for the WF.

The reactive power capability in lagging power ¢aiaif the project was assessed under the following
assumptions:

» typical low voltage of 236 kV at the connectionmioi
* maximum active power output from the equivalent WTG

* maximum reactive power output (lagging power factamm the equivalent WTG, unless
limited by the maximum acceptable WTG terminal ag#;

*  maximum acceptable WTG voltage is 1.1, as per Woltage capability;
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* the main step-up transformer ULTC is availabledjust the LV voltage as close as possible
to 1 pu voltage.

The reactive power capability in leading power dacif the project was assessed under the following
assumptions:

» typical high voltage of 242 kV at the connectiorino
* minimum (zero) active power output from the equevalWTG;

* maximum reactive power consumption (leading powetdr) from the equivalent WTG,
unless limited by the minimum acceptable WTG teahuoltage;

* minimum acceptable WTG voltage is 0.9, as per Wblkage capability;

* the main step-up transformer ULTC is availabledjust the LV voltage as close as possible
to 1 pu voltage.

The IESO'’s reactive power calculation used theaent electrical model for the WTG and
collector feeders as provided by the connectioniegog. It is very important that the WF has a
proper internal design to ensure that the WTG atdimited in their capability to produce activedan
reactive power due to terminal voltage limits drestfacility’s internal limitations. For examplé,i$
expected that the transformation ratio of the W1i&p sip transformers will be set in such a way that
it will offset the voltage profile along the coltec, and all the WTG would be able to contribute to
the reactive power production of the WF in a sham@dunt.

Table 12: Reactive Power Performance of the Projectt the Connection Point

Operation Collector Bus | Generator Terming PCC Reactive | PCC Voltage
P Voltage (pu) Voltage (pu) Power (Mvar) (kV)

Lagging PF 1.00 1.05 +26.3 Mvar 236 kV

Leading PF 0.97 0.92 -49.5 Mvar 242 kV

Based on the equivalent parameters for the WF geavby the connection applicant, an amount of 7
Mvar @34.5 kV of static capacitive reactive comgios is required to be installed at the WF
collector bus to meet the reactive power requirdmanthe connection point. The capacitor bank
shall be implemented as a part of the wind farntrobsystem that automatically controls the
switching of capacitor banks to regulate the oV&&IGs’ reactive output to around zero.

Static Reactive Power Switching

The IESO requires the voltage change on singleai@mpawitching to be no more than 4% at any
point on the IESO-controlled grid. A switching syudlas carried out to investigate the effects on
system voltages when switching in the new shunaciéqr. It was assumed that the largest capacitor
step size is KMvar. To reflect the reasonable restrictive systemditions, the voltage change study
was studies under the light load condition and rasslithat circuit B22D is out of service.

Table 13: Capacitor Switching Study Results

Capacitor at LV bus LV bus voltage Voltagepagilcq::)nnectmn
Pre-switching 34.6 kV 236.5kV
Post-switching 35.1 kV 237.7 kV

AV 1.4% 0.5%

The results show that switching a single capacaitat Mvar produces less than 4% voltage change at
the connection point.
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6.4 Thermal Analysis

TheOntario Resource and Transmission Assessment Criteria requires that all line and equipment
loads be within their continuous ratings with areents in service, and within their long-term
emergency ratings with any element out of senlibenediately following contingencies, lines may
be loaded up to their short-term emergency rativigsre control actions such as re-dispatch,
switching, etc. are available to reduce the loadintpe long-term emergency ratings.

The continuous ratings for the conductors wereutated at the lowest of the sag temperature or
93°C operating temperature, with a°85ambient temperature and 4 km/h wind speed. Titng tierm
emergency ratings (LTE) for the conductors werelwdated at the lowest of the sag temperature or
127°C operating temperature, with a°85ambient temperature and 4 km/h wind speed.

System Overview

The return of Bruce G1 and G2 combined with thatamdof new Bruce and Southwest Ontario
generation results in a higher flow eastward fromd®. This naturally increases the flow along the
115 kV path of circuit S2S from Owen Sound TS tay8er TS when circuit S2S is operated closed-
loop. Table 14 shows the pre-contingency thermallte with S2S operated closed-loop under the
defined shoulder load condition. It indicates thertbading of both circuit S2S from Meaford TS to
Stayner TS and Stayner T1. To prevent the therned@ading, circuit S2S will be required to
operate open-loop under certain conditions afteiintegration of the committed generation projects
in the area of Bruce and Southwest Ontario. Hydne @as investigated this mitigation action and is
in agreements with it.

Table 14: Pre-Contingency Thermal Results w/ S2S Closed-Lodgnder Shoulder Load Conditions

Circuit

Pre-Contingency

Summer Continuous

Loading (%)

Flow Rating
S2S (Meaford-Stayner 650 A 590G A 110
Stayner T1 136 MVA 125 MVA 109

Due to the the fact that the opening of circuit $28ults in increased flows on the parallel 230 kV
and 500 kV circuits emanating from Bruce, circl#SSvas assumed open-loop at Owen Sound for
the rest of the SIA studies in this report.

The impact of the projects on the overall systentanjunction with other committed projects, was
examined to identify if any system congestion issest in Central and Southwest Ontario due to
230 kV circuit or 500 kV auto-transformer thermahstraints. The studies concluded that under
exceptionally high power transfers towards Torogenmerating staticrin Bruce and Southwest
Ontario may be required to curtail their outputsditeve congestion. However, the flow into Toronto
at the levels examined is not expected to mateedtir the next several years. Future planning
assessments for the west Greater Toronto Area (@fé\gurrently being undertaken by the agencies.

With the addition of new committed generation pectgan Bruce and Southwest Ontario, flows east
into Toronto were maximized to reach 6913 MW unttierdefined peak load basecase, representing
a high stress case for the west of GTA equipmentiedthis high flow scenario, the additional new
generation projects contributed to overloading sbm#ing elements in the central area. Table 15
and Table 16 show the thermal results of limitiirguits and transformers in Central area under peak
load conditions after the integration of new contetitgeneration projects. It shows both pre-
contingency and post-contingency overloading oflithéing elements. Additional simulation results
based on the defined shoulder load basecase stsivwequtingency overloading on circuits ESV/E9V
for the loss of the companion circuit. If flows wep reach these high levels, the generating plants
the Bruce and Southwest Ontario may be requireditiail their outputs.
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Table 15: Thermal Results of Limiting Circuits in the Central Area Under Peak-Load Conditions

Pre-Cont. Continuous Pre-Cont.| Post-Cont, LTE Post-Cont.

Circuit Contingency| Flow Rating (A)* Loading Flow Rating Loading
(A) ’ (%) (A) (A) ** (%)
(Trafalgazllr‘—lgrindale R17T 1059 1110 95 1577 1460 108
(Trafag;rgrm daie  RI4T 1063 1110 96 1576 1460 | 108
(Erin§allg—rlll—lanlan) RI4T+R17T| 792 840 94 1131 1090 107

Table 16: Thermal Results of Limiting Transformers in the Certral Area Under Peak-Load Conditions

) Summer ) Loss of Trafalgar T15
FIECEL Continuous e C_ont. LTE Rating 2
Transformer Flow : Loading
MVA Ratlng % (MVA) Post-Cont. Post-Cont.
(MVA) v (%) ;
(MVA) Flow(MVA) | Loading (%)
Trafalgar T14 858.84 750 11451 1004 1078.02 107.37
Trafalgar T15 830.20 750 110.69 1132 0.00 0.00
Claireville T13 782.34 750 104.31 988 846.71 85.70
Claireville T14 796.55 750 106.21 995 861.85 86.62
Claireville T15 789.09 750 105.21 995 853.96 85.83

Local 230 kV Area Overview

The effects of the project on the thermal loadiofgthe 230kV transmission system in the Bruce area
were examined. The defined shoulder load basecaseised for local thermal studies as it was tested
to be the most limiting for area thermal loadinfise thermal ratings for summer weather conditions
of all monitored circuits are summarized in Tabfe 1

Table 17: Local Area Thermal Ratings

Section Continuous LTE
Circuit From To Amps Amps
Bruce ATS Majestic JCT 1060 1400
Majestic JCT Armow WF JCT 1060 1400
B22D Armow WF JCT Wingham JCT 1060 1400
Wingham JCT Seaforth TS 1060 1400
Seaforth TS Stratford JCT 920 1210
Stratford JCT Detweiler TS 920 1160
Bruce ATS Majestic JCT 1060 1400
Majestic JCT Wingham JCT 1060 1400
B23D Wingham JCT Seaforth TS 1060 1400
Seaforth TS Grand Bend JCT 920 1210
Grand Bend JCT | Stratford JCT 920 1210
Stratford JCT Detweiler TS 920 1160
Detweiler TS Detweiler JCT 1370 1820
M20D D_etweiler JCT Kitchener #8 JCT 1370 1820
Kitchener #8 JCT| Galt JCT 1370 1820
Galt JICT Middleport TS 1370 1820
Detweiler TS Detweiler JCT 1370 1820
M21D Dgtweiler JCT Kitchener #8 JCT 1370 1820
Kitchener #8 JCT | Galt JCT 1370 1820
Galt JCT Middleport TS 1370 1820
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Table 18 shows the pre-contingency flows for theamooed circuits prior to and after the connection
of the project. The pre-contingency results ofdineuits include current flow in ampere and loading

in percentage of continuous rating.

Table 18: Pre-Contingency Thermal Analysis

Cont. Grand Bend WF Grand Bend WF
Section Rating QOut of Service In-Service
CCT From To Amps Amps Cont% | Amps | Cont %
Bruce A TS Majestic JCT 1060 125 11 133 12
Majestic JCT Armow WF JCT 1060 130 12 118 11
822D Armow WF JCT Wingham JCT 1060 481 45 451 42
Wingham JCT Seaforth TS 1060| 447 42 421 39
Seaforth TS Stratford JCT 920 540 58 570 62
Stratford JCT Detweiler TS 920 436 47 470 51
Bruce ATS Majestic JCT 1060 349 32 280 26
Majestic JCT Wingham JCT 1060 439 41 368 34
893D Wingham JCT Seaforth TS 1060 414 39 338 31
Seaforth TS Grand Bend JCT 920 527 57 379 41
Grand Bend JCT | Stratford JCT 920 527 57 632 68
Stratford JCT Detweiler TS 920 428 46 529 57
Detweiler TS Detweiler JCT 1370 405 29 441 32
Detweiler JCT Kitchener #8 JCT 1370, 366 26 402 29
M20D Kitchener #8 JCT | Galt JCT 1370 339 24 375 27
Galt JCT Middleport TS 1370 69 5 103 7
Detweiler TS Detweiler JCT 1370 342 25 379 27
Detweiler JCT Kitchener #8 JCT 1370 302 22 338 24
M21D Kitchener #8 JCT | Galt JCT 1370 272 19 309 22
Galt JICT Middleport TS 1370 57 4 62 4

The study results show increased flow on certattices of the B22/23D and M20/21D circuits. In
particular for the B23D circuit, the project tertdseduce the thermal loading on all sections from
Bruce TS to the connection point of the project,ibarease flows on all sections from the connectio
point of the project to Detweiler TS. However,ialireased flows remain well below the continuous
ratings of all circuits. Thermal impact of the @dj on circuits D6V, D7V, D4W and D5W was
negligible. As such, these circuits have not beenitared for the thermal studies.

Using the study scenario with Grand Bend WF in4iserncontingency studies were performed to
identify potential post-contingency thermal viotais. Table 19 summarizes the post-contingency
flows for the monitored circuits. The post-contingg results of the circuits include current flow in
ampere, and loading in percentage of LTE rating.
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Table 19: Post-Contingency Thermal Analysis

Loss of DAW | Loss of B4V | Loss of D6V | Loss of B560V
Section LTE Loss of B22D | Loss of M20D + D5W + B5V + D7V + B561M
CCT From To Amps | Amps LOTA)E Amps L(,TA)E Amps L(,TA)E Amps LOTA)E Amps LOTA)E Amps L(,TA)E
Bruce ATS Majestic JCT 1400 - - 137 9 184 13 144 10 112 8 185 13
Majestic JCT Armow WFE JCT 1400 - - 112 8 186 13 177 12 103 7 234 16
Armow WF JCT | Wingham JCT 1400 - - 434 31 495 35 542 38 458 32 603 43
B22D Wingham JCT Seaforth TS 140 - - 405 28 465 33 512 36 429 30 574 41
Seaforth TS Stratford JCT 121 - - 557 46 606 50 655 54 593 49 715 59
Stratford JCT Detweiler TS 11609 - - 457 39 505 43 555 47 493 42 615 58
Bruce A TS Majestic JCT 1400 241 17 263 18 332 23 370 26 285 20 432 30
Majestic JCT Wingham JCT 1400 383 27 352 25 415 29 458 32 374 26 520 37
Wingham JCT Seaforth TS 1400 319 22 322 23 385 27 428 30 344 24 490 35
e Grand Bend JCT| 1210 | 497 | 41 | 364 | 30 | 423 | 35 | 467 | 38 | 395 | 32 | 526 | 43
Grand Bend JCT| Stratford JCT 1210 751 62 618 51 668 55 717 59 655 54 776 64
Stratford JCT Detweiler TS 1160 561 48 516 44 556 47 613 52 557 48 672 57
Detweiler TS Detweiler JCT 1820 354 19 - - 329 18 282 15 481 26 659 36
V200 Detweiler JCT Kitchener #8 JCT 1820 315 17 - - 295 16 243 13 443 24 620 34
Kitchener #8 JCT| Galt JCT 1820 289 15 - - 278 15 217 11 415 27 591 3P
Galt JCT Middleport TS 1820, 38 2 - - 276 15 94 5 196 10 356 19
Detweiler TS Detweiler JCT 1820 288 15 667 36 255 14 207 11 430 23 601 33
M21D Detweiler JCT Kitchener #8 JCT| 1820 248 13 590 32 224 12 167 9 392 21 562 30
Kitchener #8 JCT| Galt JCT 1820 | 218 11 528 29 211 11 137 363 19 531 29
Galt JICT Middleport TS 1820 97 5 172 9 336 18 178 68 3 220 12
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The contingency study results show no post-contiogéhermal overloads on the monitored circuits
in the local area. Therefore, there are no locd @re-contingency or post-contingency thermal
overload issues after the incorporation of the pseg project.

6.5 Voltage Analysis

TheOntario Resource and Transmission Assessment Criteria (ORTAC) states that with all facilities in
service pre-contingency, the following criteria lkba satisfied:

* The pre-contingency voltages on 500 kV buses camaégss than 490 kV, voltages on 230 kV
buses cannot be less than 220 kV and voltages BkVlduses cannot be less than 113 kV;

» The post-contingency voltages on 500 kV buses damntess than 470 kV, voltages on 230
kV buses cannot be less than 207 kV and voltagdd 6rkV buses cannot be less than 108 kV;
and

* The pre-contingency and post-contingency voltageSa® kV, 230 kV and 115 kV buses must
be less than 550 kV, 250 kV and 127 kV respectivahg

» The voltage change following a contingency canmoeed 10% pre-ULTC and 10% post-
ULTC.

The voltage performance of the IESO-controlled gras evaluated by examining if pre- and post-
contingency voltages and post-contingency voltdgenges remain within criteria at various facilities

Three contingencies were simulated under the difight load case: (1) loss of Grand Bend WF; (2)
loss of 230 kV circuit B23D; and (3) loss of 230 Kduble circuits B23D and B22D. These studies
were conducted assuming all wind facilities coneédb circuits B22D, B23D and Seaforth 115kV
system were in-service and absorbing reactive peolese to their maximum capability pre-

contingency, which result in the largest voltagarae on the system due to the loss of these fesilit
by configuration.

One contingency was studied under the peak load ¢Hsloss of B561M + B560V.

The study results summarized in Table 20 and T2bledicate that all voltage criteria are met and
there are no voltage concerns after the incorpmraidf the project.

Table 20: Voltage Analysis for Light Load Case

Loss of Grand Bend WF Loss of B23D Loss of B22D + B23D
Monitored Bus Pre-Cont Pre-ULTC | Post-ULTC | Pre-ULTC | Post-ULTC [ Pre-ULTC | Post-ULTC
Voltage (kV)
kv % kv % kv % kv % kv % kv %
Bruce A 230kV 245.5 246.2 0.3 246|2 03 2457 D.145.2( 0.1| 2489 14 248p 144
Majestic B22D 230kV 243.7 2445 03 2444 (0.3 243.3/02429| 0.3 - - - -
Armow B22D 230kV 243.4 2442 0.3 244{2 (0.3 24263 p2425| 0.4 - - - -
Wingham B22D 230kV 240.1 2417 07 2417 7 2371 | 237.6] 1 - - - -
Seaforth B22D 230kV 237.5 239)7 0|9 239.7 0.9 234124 234.1| 1.4 - - - -
Stratford B22D 230kV 239.8 2418 0|8 2418 .8 B37.1 | 2375 1 - - - -
Majestic B23D 230kV 244.3 2454 05 2454 05 - - - - - -
Wingham B23D 230kV 239.2 2428 1|3 2443 1.3 - - - - - -
Seaforth B23D 230kV 234.7 239)7 2|1 2397 21 - - - - - - -
Grand Bend JCT 230kV 234.5 23918 3.3 23p8 |23 - - - - - - - -
Grand Bend WF 230kV 231 - - - E - - - -
Stratford B23D 230kV 237.6 2400 1}4 2409 14 - - - - - - -
Detweiler 230kV 242 243.6 0.6 2436 06 2427 p242.7| 03| 246.4 2| 2468 7
Seaforth 115 kV 121.5 123p 1|4 1232 1.4 1128.91 |2118.9| 2.2 - - - -
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Table 21: Voltage Analysis for Peak Load Case

Loss of B560V + B561M
. Pre-Cont
Monitored Bus Pre-ULTC | Post-ULTC
Voltage (kV)
kv % kv %
Bruce A 500 kV 548.3 544.¢6 0. 5456 (.5
Bruce B 500 kV 549.0 545.1 0Jf 5461 Q.5
Claireville 500 kV 526.9 507.6 3.y 5135 2[5
Milton 500 kV 529.1 5055 4.3 51140 3J4
Nanticoke 500 kV 542.4 5241 34 5289 25
Bruce A 230 kV 247.0 249.8 1.p 2499 1.2
Claireville 230 kV 248.1 239.3 3.6 242(7 22
Detweiler 230 kV 245.1 2442 04 2442 Q.4

6.6 Steady-State Voltage Stability

TheOntario Resource and Transmission Assessment Criteria (ORTAC) states that the maximum
acceptable pre-contingency power transfer musOBg [bwer than the voltage instability point of the
pre-contingency P-V curve, and 5% lower than tHeage instability point of the post-contingency P-
V curve.

The voltage performance of the IESO-controlled gras evaluated by examining if the FABC
transfer after the incorporation of the project tagbe above requirement based on pre- and post-
contingency and post-contingency P-V curves undakpoad conditions. The contingency of
simultaneous loss of B560V+561M was selected failyshg the post-contingency steady-state
voltage stability as it is the worst-case contingeim terms of system voltage stability. For this
recognized contingency, two post-contingency sdéesaeither tripping the reactors at Bruce and
Longwood or no tripping of these reactors are itigaged. Only the voltage responses at Claireville
500kV were recorded as it is the most critical pairthe system in terms of system voltage stabilit
performance.

Figures 3, Appendix A shows the steady-state veltagponses at Claireville 500kV as the FABC
transfer increases under the pre-contingency sicesiad two post-contingency scenarios. It indicates
that the maximum FABC transfer under the pre-cganty scenario, post-contingency reactor
tripping scenario, and post-contingency no redtioping scenario are 8748 MW, 7256 MW, and
6766 MW, respectively. The pre-contingency FABQsfer is 6412 MW. Thus, the pre-contingency
FABC transfer is 10% lower than the voltage indighpoint of the pre-contingency P-V curve, and
5% lower than the voltage instability point of {hast-contingency P-V curve, under either reactor
tripping or no reactor tripping scenario. It cando@cluded that the steady-state voltage staluifity

the system after the incorporation of the projectforms to the Market Rules’ requirement.

6.7 Transient Stability Performance

Transient stability simulations were completed étedmine if the power system will be transiently
stable with the incorporation of the proposed WiFr&zognized fault conditions in the Bruce area. In
particular, rotor angles of generators at Brucen®@& monitored. Peak load conditions were used
under the study assumptions provided in Sectiorbthis report. All simulated contingencies are
shown in Table 22.
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Table 22: Simulated Contingencies for Transient Staility
Fault Clearing

Reclosure Time

ID [Contingency| Location Fault Type Time (ms) (sec)
Local Remote
SC1 B22D Bruce 3 phase 83 108 (Detweiler& Not Simulated***
Seaforth)
: 108 (Detweiler&
SC2 B22D Detweiler 3 phase 83 Seaforth) 10s @ Detw.
SC3| D4W + D5W Detweiler 3 phase** 83 108 Not Sineitk**
SC4| B4V +B5V Bruce 3 phase** 83 108 (Orangevillg Not Simulated***
& Hanover)
B560V + :
* -l - *kk
SC5 B561M Bruce L-L-G 66 91 Not Simulated
133 Detweiler )
SC6 B23D Seaforth 3 phase 133 Not Simulated***
108 Bruce
SC7 Gra\r;\t/jFBend LV Collector Bus 3 phase Uncleared -

* Longwood Reactor Switching simulated at 124 ms

** 3 phase faults on these double circuit lines heeen simulated in place of line to line to groubd@) faults, as this
represents a more conservative and more seveteHanlrecognized by the IESO. If transient resperase stable and well
damped for the three phase fault, then the respdos¢he LLG fault will also be stable and wellhazed.

*** Effects of reclosure are negligible and haveehemitted for the specified simulation.

Figures 4 - 10, Appendix A show the transient respmlots of the rotor angles and bus voltagbs.
transient responses show that the generators reayiaifronized to the power system and the
oscillations are sufficiently damped following alinulated contingencies. It can be concluded that
with the proposed project in-service, none of hautated contingencies caused transient instability
or un-damped oscillations.

It can be also concluded that the protection anjests proposed in the PIA report have no material
adverse impact on the IESO-controlled grid in teafsansient stability.

6.8 Voltage Ride-Through Capability

The IESO requires that the wind turbine generadodsassociated equipment with the project be able
to withstand transient voltages and remain conndct¢he IESO-controlled grid following a
recognized contingency unless the generators areved from service by configuration. This
requirement is commonly referred to as the voltédethrough (VRT) capability.

The proposed GE 2.5 MW WTGs are equipped with tMRE capability. The ZVRT settings of the
GE 2.5 WM WTG were outlined in Table 2 of Sectio.3

The VRT capability of the WTGs was assessed basdbeterminal voltages of the WTGs under the
simulated contingencies in Table 22 and the additibreaker fail contingencies in Table 23.
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Table 23: Additional Simulated Contingencies for Vtage Ride Through

Fault Clearing
ID Contingency Location Fault Type Time (ms)

Local | Remote
SC8| Detweiler T2w/ HT2 BFK  Detweiler 230 kV 3 phase 281 131
SC9|( Bruce T28 w/ K2L4 BKF Bruce 230 kV 3 phase 211 81

Note: 3 phase faults with breaker fail have been simnadlat place of line to ground (LG) faults with bkeafail, as this
represents a more conservative and more seveteHanlrecognized by the IESO. If voltage ride tlyio is adequate for a
three phase fault, then voltage ride through foGaault will also be adequate

Figure 11, Appendix A shows the terminal voltagkthe WTGs at collector C1 under simulated
contingencies of Table 23. Only contingencies ibl&@23 have been shown as they are the most
severe for voltage ride through. It shows thattémminal voltages of the WTGs remain below 0.75 pu
for about 200 ms, and recover to within 0.9 — Llip less than 400 ms after the fault inceptias.
compared with the VRT capability of the GE 2.5 WTke proposed WTGs are able to remain
connected to the grid for recognized system coetioges that do not remove the project by
configuration.

However, when the project is incorporated intol&®O-controlled grid, if actual operation shows
that the WTGs trip for contingencies for which theg not removed by configuration, the IESO will
require the voltage ride-through capability be ewea by the applicant to prevent such tripping.

The voltage ride-through capability must also bendestrated during commissioning by
monitoring several variables under a set of IES€r#ied field tests and the results should be
verifiable using the PSS/E model.

6.9 Relay Margin

The Market Manual 7.4 Appendix B.3.2 requires folowing fault clearance or the loss of an
element without a fault, the margin on all instaetaus and timed distance relays that affect the
integrity of thelESO-controlled grid, including generator loss of excitation and oust#p relaying at
major generating stations, must be at least 2QLarkrcent, respectively.

Relay margin analysis was performed to determireclit B23D will trip for out of zone faults due
to the addition of the project, as well as to wetife feasibility of the proposed changes to pititac
reaches outlined in the PIA report. The contingen@ Table 22 were simulated with the results of
impedance trajectories at Seaforth TS (looking toMzetweiler TS) for SC1, SC2, SC4, and SC5
shown in Figures 12-15, Appendix A.

The relay margin plots show that the trajectorycimouit B23D does not penetrate the relay
characteristic with a margin of greater than 2M8éréby meeting the Market Manual requirement and
verifying that circuit B23D will not trip for outfazone faults.

It can be concluded that the increasing of the Zoreach at Seaforth TS as proposed in the PlIArtepo
will have no material adverse impact on the IES@tailed grid in terms of relay margin criteria.

-End of Section-
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PIA — Grand Bend WF Project

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.

Revision History

Revision Date Change

RO Septemberl13, 2011

R1 September 28,2011 Modified Sec. 1.0 (Executive Summary)

R2 October 12, 2011 Modified Zone 1 reach for Detweiler TS & Outlined protection
changes for Bruce.

R3 October 24, 2011 Revised Tele-protection requirements.
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PIA — Grand Bend WF Project

PROTECTION IMPACT ASSESSMENT
GRAND BEND WF PROJECT
100 MW WIND GENERATION CONNECTION

1.0 EXECUTIVE SUMMARY

The impact of the proposed 100 MVA, 60 HZ wind generating station on the existing transmission
protections has been studied and the connection of the generation is deemed feasible at the proposed location
with the necessary changes highlighted in the subsequent sections.

The generating station will be connected to HONI's 230 KV circuit, B23D (LH19), between Seaforth TS
and Detweiler TS approximately 3.5 km south of Seaforth TS via a 30 km long overhead line as shown in Figure
1 below. The connection presents many challenges and requires a vigilant analysis of the Hydro One circuit
reliability and protection complexities arising there of.
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Hew
Grand Bend Wind Farm

Hote: Drawing is not to scale.

Figure 1: Grand Bend WF Connection to HONI Transmi  ssion System

The proposed arrangement would require a breaker failure protection to be installed at the proponents
HV remote station. The increased frequency of faults due to an additional 30 km of 230 KV line makes the
region more susceptible to instabilities; an un-cleared fault (breaker failure) on this line would trip the HONI
terminal stations (Bruce and Detweiler TS) resulting in a widespread tripping of the present and future
customers on that line as shown in Figure 2 below — consequently degrading the reliability of the HONI circuit.
The reliability is further impacted due to the procedural complexities involved and the time required for the
manual restoration of the HONI circuit after a breaker failure.

The proximity of the point of connection to the Seaforth TS (3.5 km) presents a protection challenge
adding to the overall impact on the reliability of the HONI circuit, this is due to the fact that existing Zonel
protection at the Seaforth TS will need to be eliminated as the reach can not be contracted enough to exclude
the proponent’s connection and the new line.
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It is therefore critical to devise an arrangement that will, to extent possible, mitigate the impact on the
reliability of the HONI circuit. For this reason, it is required to have two breakers in series at the proponent’'s HV
Remote Station to eliminate the need of a breaker failure protection — avoiding the widespread tripping as well
as the difficulties involved in restoration of the line after a breaker failure.

No Breakers at Seaforth TS to
segment the line.
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Figure 2: Breaker positions on the line B23D (LH15 & LH19)

2.0 PROTECTION HARDWARE

The necessary protection hardware requirements are highlighted below.

2.1 Seaforth TS

The existing protections on the line B23D (LH19) consist of electro-mechanical relays in the ‘A’
and microprocessor based relays in the ‘B’ group protections. New ‘A’ protection shall be installed with
the standard IEDs meeting NPCC requirements in order to facilitate addition of the teleprotections for
Grand Bend WF.

2.2 Detweiler TS

The existing protections on the line B23D (LH19) consist of microprocessor-based relays in the
‘A’ and ‘B’ group protections. No major changes are anticipated in the protection hardware.

2.3 Bruce TS

The existing protections on the line B23D (LH15) consist of electro-mechanical relays in the ‘A’
and microprocessor based relays in the ‘B’ group protections. No major changes are anticipated in the
protection hardware.
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2.4 Grand Bend Wind Farm HVY Remote Station

Two breakers in series shall be installed at this station to eliminate the need of a breaker failure
protection.

‘A’ and ‘B’ Trip/Close modules, alarms, status and reclose devices shall be installed for the new
230kV breakers meeting NPCC requirements. ‘A’ and ‘B’ line protections for the 230 kV line (Grand
Bend HV Remote Station to Grand Bend HV Substation) shall be installed with the standard IEDs
meeting NPCC requirements. It is recommended to employ the differential line protection scheme for
this line.

Communication paths shall be established between the Grand Bend HV Remote Station to
Seaforth TS and the Detweiler TS. The line protection will send a blocking signal to both Seaforth TS
and the Detweiler TS incase of a fault on the line to avoid tripping of the terminal stations by the Zone 2
protections.

2.5 Grand Bend HV Substation

It is customer’s responsibility to protect this station in coordination with what is specified in Section 2.4.

3.0 PROTECTION SETTINGS

The necessary protection setting requirements are highlighted below.

3.1 Seaforth TS

Zone 1 shall be eliminated from the Seaforth TS; the existing Permissive Overreaching Scheme
between Seaforth TS and Detweiler TS shall be modified to accept a blocking signal from the Grand
Bend HV Remote Station for faults on their line. The Zone 2 settings shall be changed to cover the
maximum apparent impedance of the line due to the increased generation close to this station.

3.2 Detweiler TS

The Zone 1 reach shall be contracted to cover 80% of the line to Seaforth and Zone 2 shall be
delayed and protection logic shall be modified to accept a blocking signal from the Grand Bend HV
Remote Station.

3.3 Bruce TS
The Zone 2 instantaneous tripping shall be eliminated from the current protection and the

existing permissive scheme shall be revised to enable the Zone 2 to trip instantaneously with the
permissive signal.

4.0 TELE-PROTECTION

The customer must have communications (‘A’ & ‘B’ redundant, fully separated and geographically
diversified) between the Grand Bend HV Remote Station and the terminal stations. Customer has an option of
sending a GEO signal or alternatively HONI will need to apply sync-check monitored autoreclosing.
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5.0

6.0

7.0

8.0

9.0

10.0

ScADA/RTU

N/A

POWER SYSTEM MONITORING

Not in scope of the PIA. To be addressed in future.

REVENUE METERING

Not in scope of the PIA.

CYBER SECURITY

CIP-002 through CIP-009 need to be reviewed as applicable.

STATION REQUIREMENTS

N/A

UPDATE DATABASES AND DOCUMENTATION

Not in scope of the PIA. To be addressed in future.
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