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A tota of three (3) SIAs and Addendums have been completed and finalized by the IESO for the
four (4) Generation Projects and associated Transmission Facilities. They are described as
follows:

Proj ect/Facility Date of Final Description
SIA/Addendum
Empire, Martin's January 6, 2011 Study of the original connection point of the three
Meadows and Abitibi (3) siteson 115 kV HONI circuit A5H.
Long Lake January 6, 2011 Study of the original connection point of Long
Lake on 115 kV HONI circuit C2H.
Empire, Martin's May 15, 2012 Addendum #1 — Study of the combined
Meadows, Abitibi and connection of the four (4) siteson 115 kV HONI
Long Lake circuit C2H (connection of Empire, Martin's
Meadows and Abitibi moved to the connection
point of Long Lake).

Copies of the above SIAs accompany this Application at Exhibit H, Tab 1, Schedule 2.
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IESO

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

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

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

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

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

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

HYDRO ONE

Special Notes and Limitations of Study Results

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

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

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

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

The additional facilities or upgrades which areuiszf to incorporate the proposed connection
have been identified to the extent permitted byedimpinary assessment under the current IESO
Connection Assessment and Approval process. Auditifacility studies may be necessary to
confirm constructability and the time required éonstruction. Further studies at more advanced
stages of the project development may identify thatthl facilities that need to be provided or
that require upgrading.
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Executive Summary

Description

Northland Power is developing a new 30 MW solar @ogeneration facility in Cochrane, Ontario. The
project was awarded 3 x 10 MW procurement contractier the Ontario government Feed-In-Tariff
(FIT) program, and is expected to start commeiaration in November 2012.

This assessment examined injecting 30 MW of salargr generation into the provincial grid via the&s11
kV circuit ASH and its effects on the reliability the IESO-controlled grid.

The following conclusions and recommendations weaele:

Findings
The analysis concluded that:

(1) The proposed solar development does not have aialaéverse impact on the reliability of the
IESO-controlled grid.

(2) The increase in fault levels due to the proposéat sievelopment will not exceed the interrupting
capabilities of the existing breakers on the IE®@t®Iled grid or the proposed breakers at the new
facility.

(3) Protection modifications to accommodate the progpasdar development have no adverse impact on
the reliability of the IESO-controlled grid.

(4) With existing Hanmer TS reactors R1 and R2 in-gerand not capable of being switched out of
service on-load and with all new FIT and expandeddr Mattagami generation in-service,
congestion will increase on the P502X circuit amel Flow South system interface.

(5) Existing congestion on the 115 kV circuit H6T wdsritified with all local area generation in-service
and operating near their maximum installed capacite proposed project increases pre-contingency
power flows and thus increases congestion.

(6) Congestion of the 115 kV A5H circuit was identifiith the proposed project and existing Tunis and
Cochrane generation facilities injecting into citdAbH. To alleviate these congestion issues,
operating restrictions will need to be implemertizgrevent the simultaneous connection of the three
facilities to the A5H circuit when they are opengtnear their maximum installed capacity.

(7) Existing post-contingency thermal overloads of k¥=circuits H6T and H7T were identified for the
loss of the Ansonville T2 autotransformer and tedivertent breaker operation (IBO) of the 115 kV
H1L91 circuit breaker at Ansonville. The proposedjgct increases post-contingency power flows
and thus increases these overloading issues.

(8) Post-contingency voltage stability and overvoltegeies exist with the loss of the 500 kV circuit
P502X without the rejection of new and existingagifor banks at Hanmer TS and Porcupine TS.

No other voltage concerns were identified withitimrporation of the proposed project.
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(9) Relay margin violations exist at the Kirkland Lakeminal of the D3K circuit for a 3 phase fault thie
500 kV circuit P502X at Hanmer TS.

(10) Existing transient stability issues of the embeddeder Sturgeon GS generators were identified for
L-L-G faults on the 115 kV P13T circuit. The propdsproject contributes to this existing issue. Due
to the small MW rating of the Lower Sturgeon emlestidenerators and the fact that their instability
is contained within their distribution system, tlisue does not pose any reliability concernseo th
IESO.

All other transient contingencies show stable aell damped oscillations with the incorporation of
the proposed project.

(11) The reactive power capability of the PV invertdmng with the impedance between the inverters
and the IESO controlled grid results in an appraterd Mvar dynamic reactive deficiency and 1
Mvar static reactive power deficiency at the conieacpoint.

(12) Based on the information provided by the applicth#,fault ride through capability of the PV
inverters is adequate.

(13) The proposed solar facility must connect to and@pate in the Northeast 115 kV L/R & G/R

Special Protection System. The Northeast 115 kV&/&/R scheme is expected to maintain its
Type lll Special Protection Scheme classificatifierahe incorporation of the proposed project.

IESQO’s Requirements for Connection

Transmitter Requirements

The following requirements are applicable for Hy@mwe for the incorporation of Northland Power
Martin's Meadows, Abitibi and Empire.

(1) The transmitter changes the relay settings of Adhhinal stations to account for the effect of the
solar farm. Modifications to protection relays aftigis SIA is finalized must be submitted to IES© a
soon as possible or at least six (6) months befoyamodifications are to be implemented. If those
modifications result in adverse impacts, the cotiae@pplicant and the transmitter must develop
mitigating solutions.

(2) The transmitter modifies the existing 115 kV No#seL/R & G/R scheme to allow for the selection
of the Martin’'s Meadows, Abitibi and Empire solacility upon the detection of the P502X, P91G,
A4H, HET, H7T, H6T & H7T, H1L91 IBO and AnsonvillE2 contingencies. G/R can be initiated by
tripping the total 30 MW facility via the 115 kV éaker located at the project’'s connection point to
the IESO controlled grid.

Applicant Requirements

Specific Requirements. The following specific requirements are applieatal the applicant for the
incorporation of Northland Power Martin’'s Meadowjtibi and Empire. Specific requirements pertain t
the level of reactive compensation needed, operagistrictions, Special Protection System, upgr@gain
equipment and any project specific items not cayérehe general requirements:
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(1) The solar farm (SF) is required to have the cajiahd inject or withdraw reactive power
continuously (i.e. dynamically) at a connectionrpaip to 33% of its rated active power at all lsvel
of active power output. Based on the equivalerupaters for the SF provided by the connection
applicant, the IESO’s simulations resulted in thiéofving:

» With the existing 0.95 leading to 0.95 lagging teacpower capability of the SMA
SC500HE-US inverters, a dynamic reactive powerae($VC) with a capability of6
Mvar has to be installed at the facility to compensatehe reactive power deficiency of the
facility. The location of this device can be at fheility 115 kV overhead bus or behind one
of the LV collector buses.

* Should future enhancements of the SC500HE-US ieverbvide an increased dynamic
reactive power range of 0.9 leading and laggingr(@sated by the inverter manufacturer),
the applicant must communicate the inverter reagiiswer capability changes to the IESO
to allow for reassessment of reactive power requairds.

The connection applicant has the obligation to enthat the SF has the capability to meet the
Market Rules requirement at the connection poidtlzmable to confirm this capability during the
commission tests.

(2) The total 30 MW Martin’s Meadows, Empire and Abitiécility is required to participate in the
existing Northeast 115 kV L/R & G/R SPS for variduis, 230 and 500 kV contingencies in the
Northeast power system.

(3) The connection applicant is required to provideyoof the functionalities of the Solar Farm
Management System (SFMS) to the IESO. The SFMS owustinate the voltage control process.

(4) The connection applicant is required to ensurettfetesponse time of inverter var output to change
in AVR reference voltages must be minimal and sintid conventional generator technologies.
Simulations using minimum acceptable default patarseof a hydroelectric facility in place of the
PV inverters yielded a var response time of appnaxely 0.55 sec. The connection applicant is
required to have similar or better var response @rformance.

General Requirements: The proposed connection must comply with all theliapble requirements from
the Transmission System Code (TSC), IESO Marke¢Rahd standards and criteria. The most relevant
requirements are summarized below and presentadiia detail in Section 2 of this report.

(1) The new generator must satisfy the Generator BaBiequirements in Appendix 4.2 of the Market
Rules.

(2) All 115 kV equipment must have a maximum continueeol$age rating and the ability to interrupt
fault current at a voltage of at ledsg kv.

(3) Any revenue metering equipment that is installegtnsomply with Chapter 6 of the Market Rules.

(4) Equipment must sustain increased fault levels ddettire system enhancements. Should future
system enhancements result in fault levels excgestinipment capability, the applicant is required
to replace equipment at its own expense with higétesd equipment, up to 50 k& per the
Transmission System Code for the 115 kV system.
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(5) The 115 kV breakers must meet the required inténgpime of less than or equal to 5 cycles as per
the Transmission System Code.

(6) The connection equipment must be designed suclathvarse effects due to failure are mitigated on
the IESO-controlled grid.

(7) The connection equipment must be designed foofdrability in all reasonably foreseeable
ambient temperature conditions.

(8) The facility must satisfy telemetry requirementgpas Appendices 4.15 and 4.19 of the Market
Rules. The determination of telemetry quantitied telemetry testing will be conducted during the
IESO Facility Registration/Market entry process.

(9) Protection systems must satisfy requirements ofthasmission system code and specific
requirements from the transmitter. New protectigstems must be coordinated with existing
protection systems.

(10) Protective relaying must be configured to enswargmission equipment remains in service for
voltages between 94% of minimum continuous and 186%aximum continuous values as per
Market Rules, Appendix 4.1.

(11) Protection systems within the generation facilitystonly trip appropriate equipment required to
isolate the fault.

(12) The autoreclosure of the new 115 kkéaker(s) at the connection point must be blockigen its
opening for a contingency, it must be closed offigrahe IESO approval is granted. The IESO will
require reduction of power generation prior to ¢tesure of the breaker(s) followed by gradual
increase of power to avoid a power surge.

(13) The generator must operate in voltage control mdde generation facility shall regulate
automatically voltage at a point whose impedanesdl on rated apparent power and rated voltage)
is not more than 13% from the highest voltage teaibased within £0.5% of any set point within
5% of rated voltage. If the AVR target voltagaifunction of reactive output, the slope
/AQmax shall be adjustable to 0.5%.

(14) A disturbance monitoring device must be installgak applicant is required to provide disturbance
data to the IESO upon request.

(15) Mathematical models and data, including any costiitht would be operational, must be provided
to the IESO through the IESO Facility RegistratMarket Entry process at least seven months
before energization from the IESO-controlled gfitdat includes both PSS/E and DSA software
compatible mathematical models representing theaipment for further IESO, NPCC and
NERC analytical studies. Thmnnection applicant may need to contact the software manufacturers
directly, in order to have the models includedheit packages. If the data or assumptions supplied
for the registration of the facilities materialliffdr from those that were used for the assessment,
then some of the analysis might need to be repeated

(16) The registration of the new facilities will needtte completed through the IESO’s Market Entry
process before IESO final approval for connect®granted and any part of the facility can be
placed in-service.
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(17) As part of the IESO Facility Registration/MarkettBrprocess, the connection applicant must
provide evidence to the IESO confirming that theippent installed meets the Market Rules
requirements and matches or exceeds the perfornpaedieted in this assessment. Until this
evidence is provided and found acceptable to ti®IEhe Facility Registration/Market Entry
process will not be considered complete and the@ction applicant must accept any restrictions
the IESO may impose upon this project’s particgain the IESO administered market or
connection to the IESO-controlled grid. Failurgtovide evidence may result in disconnection
from the IESO-controlled grid.

(18) During the commissioning period, a set of IESO #pgettests must be performed. The
commissioning report must be submitted to the IB®@in 30 days of the conclusion of
commissioning. Field test results should be vesiéaising the PSS/E models used for this SIA.

(19) The proposed facility must be compliant with apglite reliability standards set by the North
American Electric Reliability Corporation (NERC)dthe North East Power Coordinating Council
(NPCC) prior to energization to the IESO controlggatl.

(20) The applicant may meet the restoration participétdria as per the NERC standard EOP-005.
Further details can be found in section 3 of MaMahual 7.8 (Ontario Power System Restoration
Plan).

Please be advised that rules regarding the colneatirenewable generation facilities are currehding
reviewed through the SE-91 stakeholder initiatind aew connection requirements in addition to theso
outlined in this report might be placed. More dstaan be found through the following link:
http://www.ieso.ca/imoweb/consult/consult_se91.asp

Other Requirements:

The following requirements are applicable to Hy@nee to address as soon as practical. Connection
to the grid of the NP Solar Martin’s Meadows, Albitand Empire facility is not dependent on the
implementation of the following requirements. Whileysical implementation of the following
requirements are the responsibility of Hydro Ot cesponsibility of the following network
upgrades will be determined by the rules set fortine TSC (Transmission System Code).

(1) The transmitter upgrades 115 kV circuit H6T fronfdrast Road JCT to Timmins TS and 115 kV
circuit H7T from Warkus JCT to Timmins TS to helfesiate thermal overloads.

(2) The transmitter modifies the existing 115 kV NogbelL/R & G/R scheme to allow G/R of various
115 kV generation facilities around the Hunta syster the selection of the Ansonville T2 and
H1L91 IBO contingencies to help alleviate post-aagency thermal overload of the H6T and H7T
circuits. Units selectable for G/R should includmis, Cochrane, Long Sault Rapids and the entire
NP Solar Martin’'s Meadows, Abitibi and Empire fatgil

(3) The transmitter implements an automatic switchicttese for new and existing capacitors located at
Hanmer TS, Porcupine TS and Pinard TS to helpialieypost-contingency voltage stability and
overvoltage issues in the Northeast system. Thitglsing can be implemented using a voltage based
switching scheme on the condition that voltageshoéds are suitably chosen and time delays are
minimal. Should Hydro One be unable to meet theselitions, the automatic switching of these
capacitors will need to be added as responsegitmugacontingencies to the existing Moose River
G/R and/or Northeast 115 kV L/R & G/R schemes. Taguirement is consistent with conclusions

10
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and requirements made in the Lower Mattagami Geinar&xpansion system impact assessment
(CAA ID 2006-239).

(4) The transmitter continue work in resolving existmetay margin violations at the Kirkland Lake
terminal of the D3K circuit for faults to the 50¥ kircuit P502X. Possible solutions include revisin
‘B’ protection settings to reduce the Zone 2 quladracteristic. This requirement is consistent with
conclusions and requirements made in various systgract studies completed for the incorporation
of Nobel SS (CAA ID 2004-160), Lower Mattagami Ergion (CAA 1D 2006-239), Porcupine and
Kirkland Lake SVC (CAA ID 2006-223).

Recommendations

(1) Hydro One improve teleprotections for the 115 k\8P&nd P15T circuits, to help improve remote
end fault clearing times for faults associated whiase circuits.

(2) Hydro One explore the feasibility of making reast®1 and R2 at Hanmer TS capable of being

switched in and out of service on-load. This wiltiease power transfer capability through the
P502X circuit and the Flow South interface.

Notification of Conditional Approval

From the information provided, our review conclutiest the proposed connection of Northland Power
Martin’'s Meadow, Empire and Abitibi, subject to ttegjuirements specified in this report will notuksn
a material adverse effect on the reliability of BSO-controlled grid.

It is recommended that a Notification of ConditibAgproval for Connection be issued for Northland

Power Martin’s Meadows, Abitibi and Empire subjacthe implementation of the requirements listed in
this report.

11
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1. Project Description

Northland Power is proposing tievelop a 30 MW solar farm located in Cochrane g@ot The project
will consist of 3 x 10 MW sites known as NorthlalRdwer Solar Martin’s Meadows, Abitibi and Empire
each of which have been awarded Power Purchasedegrds under the Feed-in-Tariff (FIT) program
with the Ontario Power Authority. It is expecteadtitommercial operation will start in November 2012

The three projects are part of one total facilitpmecting to Hydro One’s existing 115 kV A5H cirgui
approximately 14.5 km from Hunta SS. The threeviddial sites will be connected to A5H via one
common 115 kV bus and a newly built 10.5 km, 115t& circuit. Three separate substations will
connect each of the three sites to the common Yisuk. Each substation will consist of one 27.6/115
kV transformer, one 115 kV circuit breaker and d@oarieed disconnect switch. The 27.6 kV side of the
transformer will connect to an underground cabléector system.

Each of the sites will consist of a total of 20 SM&500 PV inverters with a rated power output 6f 0.
MW each. Each inverter will be connected to onenaf low voltage sides of a three winding step up
transformer rated at 1 MVA each.

SMA SC500HE-US (0.5 MW each)
Site Martin’'s | Abitibi | Empire | Total
Meadows
Number of PV inverters 20 20 20 60
Maximum MW 10 10 10 30

— End of Section —

12
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2. General Requirements

Generators

Each generator must satisfy the Generator Facdijyirements in Appendix 4.2 of Market Rules. ‘

The Market Rules (appendix 4.2) require that theegation facility directly connecting to the IESO-
controlled grid must have the capability to operatetinuously between 59.4Hz and 60.6Hz and for a
limited period of time in the region above straitihes on a log-linear scale defined by the pofat8s,
57.0Hz), (3.3s, 57.0Hz), and (300s, 59.0Hz).

The generators shall respond to frequency incregseducing the active power with an average droop
based on maximum active power adjustable betweear8%7% and set at 4%. Regulation deadband shall
not be wider than + 0.06%. A sustained 10% chamgated active power after 10 s in response to a
constant rate of change of frequency of 0.1%/snduiriterconnected operation shall be achievable.

The generators must be able to ride through rostiviiching events and design criteria contingencies
assuming standard fault detection, auxiliary relgycommunication, and rated breaker interruptimgs
unless disconnected by configuration

The generation facility directly connecting to 1B O-controlled grid must have the minimum cap#bili
to supply continuously all levels of active powetput for 5% deviations in terminal voltage. Rated
active power is the smaller output at either ramedbient conditions (e.g. temperature, head, wirgdp
solar radiation) or 90% of rated apparent powey.sdtisfy steady-state reactive power requirements,
active power reductions to rated active power arenjited.

The generation facility must have the capabilitynject or withdraw reactive power continuously(i.
dynamically) at aonnection point up to 33% of its rated active power at all levaisictive power output
except where a lesser continually available cajpalisl permitted by théESO. If necessary, shunt
capacitors must be installed to offset the reagiweer losses within the facility in excess of the
maximum allowable losses. If generators do not ligwemic reactive power capabilities as described
above, dynamic reactive compensation devices naustdtalled to make up the deficient reactive power

The generation facility shall automatically regelabltage at a point whose impedance (based od rate
apparent power and rated voltage) is not more 11346 from the highest voltage terminal based within
+0.5% of any set point within +5% of rated voltagéthe AVR target voltage is a function of reaeti
output, the slopaV /AQmax Shall be adjustable to 0.5%. The equivalent tiowestants shall not be longer
than 20 ms for voltage sensing and 10 ms for theda path to the regulator output.

Connection Equipment (Breakers, Disconnects, Transformers, Buses)

1. Appendix 4.1, reference 2 of the Market Rules st#tat under normal conditions voltages in
Northern Ontario are maintained within the rang&18 kV to 132 kV. Thus, the IESO requires
that 115 kV equipment in Northern Ontario must haveaximum continuous voltage rating of at
least 132 kV.

Fault interrupting devices must be able to interfaplt current at the maximum continuous
voltage of 132 kV.

13
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If revenue metering equipment is being installegas of this project, please be aware that revenue
metering installations must comply with Chapteif he IESO Market Rules for the Ontario electricity
market. For more details the applicant is enccenldg seek advice from their Metering Service Riewi
(MSP) or from the IESO metering group.

2. The Transmission System Code (TSC), Appendix Déskes maximum fault levels for the
transmission system. For the 115 kV system, theémax 3 phase and single line to ground
(SLG) symmetrical fault levels are 50 kA.

The TSC requires that new equipment be designsdsiain the fault levels in the area where the
equipment is installed. If any future system ereament results in an increased fault level higher
than the equipment’s capability, the connectiorliagpt is required to replace the equipment at
their own expense with higher rated equipment depalfbsustaining the increased fault level, up to
the TSC’s maximum fault level of 50 kA for the 1% system.

3. The Transmission System Code (TSC), Appendix 2stiat the maximum rated interrupting time
for 115 kV breakers must be5 cycles. The connection applicant shall enseiethe new
breakers meet the required interrupting time asieé in the TSC.

4. The connection equipment must be designed solteatidverse effects of failure on the
IESO-controlled grid are mitigated. This includes@ring that all circuit breakers fail in the open
position.

5. The connection equipment must be designed sotthdt be fully operational in all reasonably
foreseeable ambient temperature conditions.

IESO Monitoring and Telemetry Data

In accordance with the telemetry requirements fgergeration facility (see Appendices 4.15 and 419
the Market Rules) the connection applicant mugalhequipment at this project with specific
performance standards to provide telemetry dathadESO. The data is to consist of certain eqeipm
status and operating quantities which will be idedt during the IESO Market Entry Process.

As part of the IESO Facility Registration/Markettgrprocess, the connection applicant must also
complete end to end testing of all necessary tdlgrpeints with the IESO to ensure that standards a
met and that sign conventions are understoodfoéiid anomalies must be corrected before IESO final
approval to connect any phase of the project istgth

Protection Systems

1. Protection systems must be designed to satisthaltequirements of the Transmission System
Code as specified in Schedules E, F and G of Agrdn(rersion B) and any additional
requirements identified by the transmitter. Newtection systems must be coordinated with
existing protection systems.

2. Protective relaying must be set to ensure thastnssion equipment remains in-service for
voltages between 94% of the minimum continuousl@%&¥ of the maximum continuous values
in the Market Rules, Appendix 4.1.
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Any modifications made to protection relays by ttesmitter after this SIA is finalized must be

submitted to the IESO as soon as possible or st $da(6) months before any modifications are| to

be implemented on the existing protection systelihthose modifications result in adverse
impacts, the connection applicant and the transmitiist develop mitigation solutions.

Send documentation for protection modificationggered by new or modified primary equipment
(i.e. new or replacement relays)donnection.assessments@ieso.ca

Protection systems within the generation facilitystnonly trip the appropriate equipment requirgd

to isolate the fault. After the facility begins covarcial operation, if an improper trip of the 116

circuit A5H occurs due to events within the fagilithe facility may be required to be disconnected

from the IESO-controlled grid until the problenrésolved.

The autoreclosure of the new 115 kV breakers atdmaection point must be blocked. Upon its
opening for a contingency, it must be closed oftigrahe IESO approval is granted. The IESO wi
require reduction of power generation prior to¢hmsure of the breaker followed by gradual incre

ASe

of power to avoid a power surge.

Miscellaneous

The Connection Applicant is required to instaltrag facility a disturbance recording device with
clock synchronization that meets the technical ifipations provided by Hydro One. The device

will be used to monitor and record the respongbd®facility to disturbances on the 115 kV system

in order to verify the dynamic response of genegaibhe quantities to be recorded, the sampling
rate and the trigger settings will be provided g transmitter.

Facility Registration/Market Entry Requirements

1.

Mathematical models and data, including any costittht would be operational, must be provideg
the IESO through the IESO Facility Registration/kadrEntry process at least seven months befg
energization to the IESO-controlled grid. That irs both PSS/E and DSA software compatible
mathematical models representing the new equipfoefiirther IESO, NPCC and NERC analytica
studies. Theonnection applicant may need to contact the software manufactureegitly, in order
to have the models included in their packages

to

1

The registration of the new facilities will needlte completed through the IESO’s Market Entry
process before IESO final approval for connectgogranted and any part of the facility can be
placed in-service. If the data or assumptions se@por the registration of the facilities matelyal
differ from those that were used for the assessrtiggn some of the analysis might need to be
repeated.

As part of the IESO Facility Registration/MarkettBrprocess, the connection applicant must
provide evidence to the IESO confirming that theipopent installed meets the Market Rules
requirements and matches or exceeds the performpaedieted in this assessment. Until this
evidence is provided and found acceptable to tl®©IEhe Facility Registration/Market Entry
process will not be considered complete and the@dion applicant must accept any restrictions
IESO may impose upon this project’s participatiohe IESO administered market or connection
the IESO-controlled grid. Failure to provide evidemmay result in disconnection from the IESO-

the

controlled grid.
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4. During the commissioning period, a set of IESO #pettests must be performed. The
commissioning report must be submitted to the IE&@in 30 days of the conclusion of
commissioning. Field test results should be vesiéaising the PSS/E models used for this SIA.

Reliability Sandards

Prior to connecting to the IESO controlled grice firoposed facility must be compliant with the
applicable reliability standards set by the NortheXican Electric Reliability Corporation (NERC) ati
North East Power Coordinating Council (NPCC). # bf applicable standards, based on the
proponent’s/connection applicant's market role/GEBnse can be found here:
http://www.ieso.ca/imowebl/ircp/reliabilityStandaraisp

In support of the NERC standard EOP-005, the prepdoonnection applicant may meet the restoration
participant criteria. Please refer to section ®afket Manual 7.8 (Ontario Power System Restonatio
Plan) to determine its applicability to the propb$zcility.

The IESO monitors and assesses market participamplcance with these standards as part of the IESO
Reliability Compliance Program. To find out mokmat this program, visit the webpage referenced

above or write tarcp@ieso.ca

Also, to obtain a better understanding of the apiblie reliability obligations and find out how togage
in the standards development process, we recomthahthe proponent/ connection applicant join the
IESO'’s Reliability Standards Standing Committee P or at least subscribe to their mailing list at
rssc@ieso.caThe RSSC webpage is locatedrditp://www.ieso.ca/imoweb/consult/consult_rssc.asp

- End of Section —
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3. Review of Connection Proposal

3.1 Proposed Connection Arrangement

The proposed connection arrangement is shown imr&it).

Fournier JCT (1.5 km} 115 EV ASH Hunta 55 (14.5 km})
‘

/

X

mew 1.5 km 115V

tap line |
115 kV Bus
i g 2
/ / /

20 PV inverters 20 PV inverters
Martin's Meadows Site Abitibi Site
27.6 kV splitter
k L 2
_ “-u.‘_ - “-.-_ — = —
- - — [ } — , 1= 9 -1 "= —]
Pz -1 i [I:I]_ % - u:D_ % i [I:D_ §
—=>7 o =< = =
_ “-.-_ - “-.-_ | = = - —
i | N — i | I == e -1/ = —
— _I=< T % i | N % e | %
—~ o =< = =
SMA 5C500 —
0.5 Mw A total of 20 PV inverters
200V Empire Site

Figure 1: Proposed Connection Arrangement
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3.2 Existing System

The solar development is proposing to connectéaethsting Hydro One 115 kV A5H circuit between EuB8S
and Fournier JCT. The 115 kV power system arounatéloonsists of several existing thermal and
hydroelectric generating stations. Major load fties in the local system include Timmins TS antt&abridge
Kidd Creek Minesite. Under normal daytime operatingditions, the area is over generated with soxmess
generation being exported through the H6T & H7Euiis into Timmins and in turn, into the 500 kV ®ra
through circuits P13T, P15T and the 500/115 kV tatsformers at Porcupine. A diagram of the exgstin
system is shown in Figure 2.
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—l—t: 4-46 —®: A |
—i@ 1 - 67 = |
4-7 1 y
I:: 5-70 =i — | ?
R21Da; A —4
!
i H1-
e
i e
| o4 Hi-{
| .
= H1LO1 ki
"‘TE:() : = Hik
Jol v A
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T8 Falconbridge Kidd L
\% Creek Metsite Ansonville
\ (360) m
(1-35)
Porcupine

Figure 2: Existing Local Area Power System

3.2.1 Existing & New Generation

Existing generating stations in the local systeaude Abitibi Canyon 115 kV GS, TCPL Tunis CGS,
Northland Power Cochrane and Long Sault Rapida total, combined rated active power output of
approximately 250 MW. In addition to the existingngrating facilities, newly committed generatingilfaes
include the OPG Upper Mattagami Development (Sdralls GS, Wawaitin GS and Lower Sturgeon GS) as
well as Northland Power Solar Martin’'s Meadows/A&bHlIEmpire, Northland Power Solar Long Lake and
Kapuskasing/lvanhoe GS, all with scheduled in-serdates prior to 2014. Details regarding existing newly
proposed facilities are outlined in Table 1.

Installed Max.

Generating Station Capacity (MW) | Unit Type Connection Point
Abitibi Canyon 115 kV GS 140 Hydro Abitibi CanyoisS
TCPL Tunis CGS 55 Thermal A5H
NP Cochrane 42 Thermal A5H/A4H
Long Sault Rapids 16 Hydro A4H
New: Sandy Falls GS (in-service 2010) 5.5 Hydro Embdd@eTimmins QZ
New: Wawaitin GS (in-service 2010) 15 Hydro Embeddedi@mins QZ
New: Lower Sturgeon GS (in-service 2010) 14 Hydro Endeed@ Laforest Road
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U

New: NP Solar Martin’'s Meadows, Abitibi and Solar A5H
L . 30
Empire (in-service 2012)
New: NP Solar Long Lake (in-service 2012) 10 Solar C2H
New: Kapuskasing/Ilvanhoe (in-service 2014) 24.55 Hydro T61S
New: The Chute, Ivanhoe River (in-service 2014) 3.6 tdyd | Embedded @ Weston Lake D
New: Wanatango Falls (in-service 2014) 4.67 Hydrg Endeeld@ Hoyle DS
New: Ramore Solar Park (in-service 2011) 8 Solar Embdd@ Ramore TS

Table 1: Committed and Existing Local Generation

Figure 3 below displays the total, combined MW otitpf the Abitibi Canyon 115 kV GS, TCPL Tunis CGS,
Northland Power Cochrane and Long Sault Rapidéitfasi The data plotted is from January 1, 200March

23, 2010, using hourly average samples obtained FESO real-time telemetered data. Telemeteredfdathe
new generating facilities as outlined in Table has available as none of the facilities are insser yet.
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Figure 3: Existing Local Area Generation Telemeterd MW Output

It can be observed that the maximum combined MVpgwiuaf the existing facilities listed in Table 1 is
approximately 240 MW. The minimum combined MW outpan fall as low as 40 MW. This occurs at
night during low demand conditions, when hydroeledtcilities in the North are out-of-service.

3.2.2 Existing Load Facilities

Figures 4-6 below display the MW demand of the migad facilities in the local area from Januar2@09 to
June 1, 2010 and plotted using hourly average ssswtitained from IESO real-time telemetered data.
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Timmins MW Load Demand

03/01/ 2009
04/01/ 2009 -
05/01/ 2009
06,/01/ 2009 -
O7/01/ 2008
0801/ 2009 -
09,01/ 2009
10/01/ 2009 -
11401/ 2009 -
12/01/ 2009 -
01/01/2010 -
02/01/2010
03/01/2010
04/01/ 2010
(50142010 -
06,01/ 2010 -

01/01/ 2009
02/01/ 2009 -

Figure 4: Telemetered Timmins MW Demand

The load behind the Timmins QZ bus varies from aimiim of approximately 30 MW in the summer months
to a maximum of approximately 70 MW in the winteomths.

Laforest Road MW Load Demand

01,01/ 2009

02/01/ 2009 -
03/01/2009
04012009 -
05,01/ 2008
06,01/ 2008 -
07/01/ 2008
08,01/ 2009 |
09,/01/ 2008
10401/ 2009 -
11/01/2009 -
12/01/2009 -
01/01/2010 -
02/01/2010 -
03/01/2010 -
04/01/ 2010 |

05,401/ 2010
06,01/ 2010

Figure 5: Telemetered Laforest Road MW Demand

When the Laforest Road facility is in-service,litad varies from a minimum of approximately 5 MWato
maximum of approximately 16 MW.
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50.

Kidd Creek Minesite MW Load Demand
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Figure 6: Telemetered Kidd Creek Minesite MW Demand

The load at the Kidd Creek Minesite facility is stant throughout the year and varies from appraotéin@0

MW to 45 MW.

Table 2 summarizes local load demand values. Tvalges are used to determine the load levels used f
various study assumptions as per section 6 oféipiert.

Maximum Demand Minimum Demand Average Demand
Station (MW) (MW) (MW)
Timmins QZ 70 25 Varies Seasonally
Laforest Road 16 5 10
Kidd Creek Minesite 45 17 30

Table 2: Local Load Demand

3.2.3 Existing Transmission

The following are the thermal ratings for all atfet transmission equipment in the local area:

STE
(15 Minute
Continuous LTE LTR)
Circuit Section Amps | MVA | Amps | MVA | Amps | MVA
Hunta SS Fournier JCT 44( 89.9 440 899 440 8D.9
Fournier JCT EPCOR Tunis JCT 500 102.2 500 102.2 0 50102.2
A5H | EPCOR Tunis JCT Iroquois Falls 115 JCT 500 102.2 0 53108.4| 540 | 110.5
Iroquois Falls 115 JCT  Iroquois Falls DS JGT 380 .777 490 100.2 580| 118.6
Iroquois Falls DS JCT| Ansonville TS 50( 102.2 630 28.8 740 | 151.3
AdH Hunta_SS Fournie_r JCT 260 | 53.2 | 260 53.2 260 53.2
Fournier JCT Ansonville TS 260 | 53.2 | 260 53.2 260 53.2
H7T Hunta SS V\_/arkl_Js JCT 500 | 102.2| 530 | 108.4| 530 | 108.4
Warkus JCT Timmins TS 380 77.7 | 380 77.7 380 77.7
H6T | Hunta SS Tisdale JCT 500 | 102.2| 530 | 108.4 | 530 | 108.4
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Tisdale JCT Laforest Road JCT 500 | 102.2| 530 | 108.4 | 530 | 108.4

Laforest Road JCT Timmins TS 380 | 77.7 | 380 77.7 380 77.7
P15T | Porcupine TS Timmins TS 890 182.0 1140 233.12701| 259.7
P13T | Porcupine TS Timmins TS 890 | 182.0| 1060 | 216.7 | 1190 | 243.3

Table 3: Local Area Equipment Thermal Ratings

The continuous ratings for the conductors wereutated at the lowest of the sag temperature 8¢ 93
operating temperature, with a°80ambient temperature and 4 km/h wind speed.

The long term emergency ratings (LTE) for the candrs were calculated at the lowest of the sag
temperature or 12T operating temperature, with a°80ambient temperature and 4 km/h wind speed.

The short term emergency ratings (15 Minute LTR)tfie conductors were calculated at the sag
temperature, with a 8G ambient temperature, 4 km/h wind speed and 75%ntmus preload.

Figures 7 and 8, display the MW flow on circuitsTH&nd H7T at Hunta and Timmins. These are hourly
average samples from Jan 1, 2009 to June 1, 2Gathed from IESO real-time telemetered data. Resiti

values mean flow out of the station.
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Figure 7: MW Flow on HET circuit
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Maximum loading of the H6T circuit is approximatdl§0 MW out of Hunta and 80 MW into Timmins.
Comparing these flow values with the associatedribkratings shown in Table 3, shows that the under
existing system conditions, the continuous ratiofgsoth sections of the H6T circuit are near oremdtheir
continuous thermal planning ratings.

H7T @ Hunta MW Flow
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04/01,2010 -
05/01,/2010 -
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H7T @ Timmins MW Flow

Figure 8: MW Flow on H7T circuit

Maximum loading of the H7T circuit is approximately0 MW out of Hunta and 80 MW into Timmins.
Comparing these flow values with the associatedribbratings shown in Table 3, shows that undestiag
system conditions, the continuous ratings of betttisns of the H7T circuit are near or exceed their
continuous thermal planning ratings.

Figure 9 displays the voltage at Hunta. The daittgud is from March 2009 to June 2010, using hoavigrage

samples obtained from IESO real-time telemeterd¢al ddoe graph indicates typical voltages of 125-83Gat
Hunta with an average voltage of approximately &¥7
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154, Hunta Voltage (kV)
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Figure 9: Telemetered Voltage at Hunta

- End of Section —
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4. Data Verification

4.1 Tap Line

Specifications of the 115 kV tap line provided bg tonnection applicant are listed below.
Voltage 115 kv
Length 10.5 km
R/X/B 1.8993/4.7514/0.0000345 Ohms (Mhos)

4.2 Generator
Specifications of the PV Inverter and the investiep up transformers are listed below.

SMA Sunny Central 500HE-US Photovoltaic Inverter

Voltage 200V
Rating 0.5 MW
Power Factor 0.95 leading — 0.95 lagging
Three Winding Pad Mount Transformers
HV1 - LVl HV1 - LV2 LV1-LV2
Transformation 27.6 kV — 200V 27.6 kV — 200V 200- 200V
X 6.17% 6.17% 3.1%
Base 1.1 MVA 1.1 MVA 1.1 MVA

4.3 Transformer

Specifications for the three 27.6/115 kV step-@msformers are identical and listed below.

Transformation 115/27.6 kV

Rating 9/12 MVA ONAN/ONAF

Impedance 0.0045 +j0.099 pu based on 9 MVA

Configuration 3 phase, high side: delta, low side: grounded wye
Tapping on-load tap changers at HV (114 kV to 186rk17 steps)

4.4 Circuit Breakers and Switches

Specifications of the isolation devices providedHy connection applicant are listed below.

Circuit Breakers | Disconnect Switcheg
Maximum continuous rated voltage (kVY) 132 132
Interrupting time (ms) 50 Not Applicable
Rated continuous current (A) 600 600
Rated short circuit breaking current (kA\) 45 Not Applicable
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The interrupting time of the 115 kV circuit breakeb0 ms, which satisfies the Transmission System
Code requirement af 5 cycles (83 ms).

The symmetrical rated short circuit breaking cur@rthe 115 kV breakers is 45 kA. This value ifohbe

the maximum 3 phase symmetrical fault level of BOelstablished by the Transmission System Code for
the 115 kV system. Fault studies shown in Sectiohthis report show that the 115 kV breaker reting

45 KA are sufficient to withstand fault levels lae tproposed facility. The applicant should be awlaag if
any future system enhancement results in an inedefasilt higher than the equipment’s capabilitg, th
applicant would be required to replace these brsakgts own expense with higher rated breakeit® up
the maximum fault level of 50 kA.

The 132 kV maximum continuous voltage rating m&&®0O connection equipment criteria in Northern
Ontario.

4.5 Collector System

The 27.6 kV, collector system equivalent circuipedances provided by the connection applicant are
listed as follows:

Feeder R/X/B (ohms/mhos)
Empire Site 2.073/0.5127/0.000145
Martin’'s Meadows Site 2.073/0.5127/0.000145
Abitibi Site 2.073/0.5127/0.000145

— End of Section —
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Fault level studies were completed by Hydro Onexamine the effects of the proposed facility oritfau
levels at existing facilities in the area. Studiese performed to analyze the fault levels with auttiout
the new facility and other proposed projects indhigounding area. The short circuit study wasiedrmout

Fault Level Assessment

with the following facilities and system assumpson

Niagara, South West, West Zones

All hydraulic generation

6 Nanticoke

2 Lambton

Brighton Beach (J20B/J1B)

Greenfield Energy Centre (Lambton SS)

St. Clair Energy Centre (L25N & L27N)

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

Imperial Oil (N6S/N7S)

Thorold GS (Q10P)

Central, East Zones

All hydraulic generation

6 Pickering units

4 Darlington units

4 Lennox units

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

Portlands GS (Hearn SS)

Kingston Cogen

TransAlta Douglas (44 kV buses at Bramalea TS)

Northwest, Northeast Zones

All hydraulic generation

1 Atikokan

2 Thunder Bay

NP Iroquois Falls

AP Iroquois Falls

Kirkland Lake

1 West Coast (G2)

Lake Superior Power

Terrace Bay Pulp STG1 (embedded in Neenah paper)

Bruce Zone

8 Bruce units (Bruce G1 and Bruce G2 maximum cap& 835 MW)

4 Bruce B Standby Generators

All constructed wind farms including

Erie Shores WGS (WT1T)
Kingsbridge WGS (embedded in Goderich TS)
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e Amaranth WGS — Amaranth | (B4V) & Amaranth Il (B5V)
* Ripley WGS (B22D/B23D)

e Princel & Il WGS (K24G)

* Underwood (B4V/B5V)

» Kruger Port Alma (C242)

» Wolf Island (injecting into X4H)

New Generation Facilities:

* Greenwich Wind Farm (M23L and M24L)

» Gosfield Wind Project (K22)

* Kruger Energy Chatham Wind Project (C242)

* Raleigh Wind Energy Centre (C232)

e Talbot Wind Farm (W45LC)

* Greenfield South GS (R24C)

* Halton Hills GS (T38B/T39B)

» Oakville Generating Station (B15C/B16C)

* York Energy Centre (B82V/B83V)

* Island Falls (H9K)

» Becker Cogeneration (M2W)

*  Wawatay G4 (M2W)

* Beck 1 G9: increase capacity to 68.5 MVA (Beck #5 kV bus)
* Lower Mattagami Expansion

» All renewable generation projects awarded FIT cuisr

Transmission System Configuration

Existing system with the following upgrades:

* Bruce x Orangeville 230 kV circuits up-rated

e Burlington TS: Rebuild 115 kV switchyards

» Leaside TS to Birch JCT: Build new 115 kV circuirch to Bayfield: Replace 115 kV cables.

» Uprate circuits D9HS, D10S and Q11S

e Hurontario SS in service with R19T+V41H open fro@1R+V42H (230 kV circuits V41H and
V42H extended and connected from Cardiff TS to Htado SS). Huronontario SS to Jim
Yarrow 2x3km 230 kV circuits in-service

* Cherrywood TS to Claireville TS: Unbundle the t8@0 kV super-circuits (C551VP & C550VP)

* Allanburg x Middleport 230 kV circuits (Q35M and @) installed

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

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

* LV shunt capacitor banks installed at Meadowvale

e 1250 MW HVDC line ON-HQ in service

» Tilbury West DS second connection point for DESMagement using K2Z and K6Z

» Second 500kV Bruce-Milton double-circuit line imgee. Double-circuit line from the Bruce
Complex to Milton TS with one circuit originatingoin Bruce A and the other from Bruce B

* Windsor area transmission reinforcement:

» 230 kV transmission line from Sandwich JCT (C2128)2o Lauzon TS

* New 230/27.6 DESN, Leamington TS, that will conn@2tlJ and C22J and supply part of the
existing Kingsville TS load
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* Replace Keith 230/115 kV T11 and T12 transformers

e 115 kV circuits J3E and J4E upgrades

* Woodstock Area transmission reinforcement:
o Karn TS in service and connected to M31W & M32Whgersol TS
o W7W/W12W terminated at LaFarge CTS
0 Woodstock TS connected to Karn TS

* Nanticoke and Detweiler SVCs

» Series capacitors at Nobel SS in each of the 500idcvits X503 & X504E to provide 50%

compensation for the line reactance

* Lakehead TS SVC

* Porcupine TS & Kirkland Lake TS SVC

e Porcupine TS: Install 2x125 Mvar shunt capacitors

e EssaTS: Install 250 Mvar shunt capacitor

 Hanmer TS: Install 149 Mvar shunt capacitor

* Pinard TS: Install 2x30 Mvar LV shunt capacitors

* Upper Mattagami expansion

* Fort Frances TS: Install 22 Mvar moveable shupacaor

* Dryden TS: Install shunt capacitors

* Lower Mattagami Expansion — H22D line extensiomfridarmon to Kipling.

System Assumptions
* Lambton TS 230 kV operated open
» Claireville TS 230 kV operated open
* Leaside TS 230 kV operated open
* Leaside TS 115 kV operated open
* Middleport TS 230 kV bus operated open
* Hearn SS 115 kV bus operated open — as requirdx iRortlands SIA
* Napanee TS 230 kV operated open
* Cherrywood TS north & south 230kV buses operateshop
* Cooksville TS 230 kV bus operated open
* Richview TS 230 kV bus operated open
* All capacitors in service
* Alltie-lines in service and phase shifters on redutps
* Maximum voltages on the buses
» Contact parting time = 25 ms for 500 kV and 230bc€akers
» Contact parting time = 33 ms for 115 kV breakers
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The following table summarizes the symmetric andrasetrical fault levels near Hunta and the
corresponding breaker ratings.

Solar Farm O/S

Solar Farm I/S

Total Fault Current

Total Fault Current

Breaker Ratings

Sl Symmetrical (kA) Symmetrical (kA) Synzir(npta)trical
3-phase L-G 3-phase L-G
Hunta 9 5.8 9.4 5.9 40
Abitibi Canyon 115 kV 5.6 5.8 5.7 5.8 9.8
Ansonville 115 kV 8.4 8.9 8.6 9.0 40
Timmins K1 8.8 8.8 9.1 9.0 40
Timmins K2 + K3 8.8 8.9 9.3 9.2 40
Porcupine 115kV 10.5 13.3 11.0 13.8 40
NP Solar A5H Tap - - 6.8 4.1 45

Solar Farm O/S

Solar Farm I/S

Total Fault Current

Total Fault Current

Breaker Ratings

Sl Asymmetrical (kA) Asymmetrical (kA) AsyrFkrR()etrical
3-phase L-G 3-phase L-G
Hunta 9.4 6.0 9.8 6.2 48
Abitibi Canyon 115 kV 6.4 7.0 6.5 7.1 11.4
Ansonville 115 kV 9.5 104 9.6 10.5 40
Timmins K1 9.7 9.6 10.1 9.8 40
Timmins K2 + K3 9.7 9.7 10.3 10.1 40
Porcupine 115kV 12.4 16.6 13.0 17.2 47
NP Solar A5H Tap - - 7.1 4.2 45

The results show that the fault levels around thatbl power system are below the

Table 4: Short Circuit Study Results

symmetrical/asymmetrical breaker ratings and irseesdightly when all new generation is in service.

Therefore, it can be concluded that the increaséait levels due to the proposed projects witl no
exceed the interrupting capabilities of the exgstimeakers on the IESO-controlled grid.

The proposed breakers at the solar farm and tlstirexibreakers at local area buses are capable of
interrupting the expected short circuit levels loa EESO controlled grid. No short circuit issues ar

foreseen with the incorporation of the proposedeato

— End of Section —
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6. System Impact Studies

This connection assessment was carried out toifgené effect of the proposed facility on the timed
loading of transmission interfaces in the vicinitye system voltages for pre/post contingencies, th
ability of the facility to control voltages and ttransient performance of the system.

6.1  Assumptions and Background
Summer 2014onditions were used for the study, along withftll®ewing assumptions:

System Conditions

All transmission system elements were in service.

Stations in the area were set to operate at Oddower factors measured at the HV side of the
transformers.

The demand in the Northeast area was scaled to NI¥®0

Study Assumptions

The summer 2010 base case was used as a staintmdgodhe studies. To the summer 2010 originaesa
the following new projects were added and consitlereservice as part of the Flow South expansion:

» Lower Mattagami Generation Development connectdeiriard 230 kV
» All new committed generation as outlined in Secoa 1, Table 1

» Series Compensation of X503E and X504E circuits

* +300/-100 Mvar SVC at Porcupine 230 kV

* +200/-100 Mvar SVC at Kirkland Lake 115 kV

» Shunt Capacitor Banks at Pinard 27.6 kV lus §2.4 Mvar @ 27.6 kY

» Second Shunt Capacitor Bank at Hanmer 230 kV g Nivar @ 220 kY
» Second Shunt Capacitor Bank at Essa 230 kV busNvar @ 250 kY

» Shunt Capacitor Banks at Porcupine 230 kV Rus1(00 Mvar @ 250 kY
* Shunt Capacitor Bank at Kapuskasing 24.9 kV Rass(Mvar @ 28.8 kY

The following reactors were removed from servicaeétp maximize power transfers:
* Pinard Reactors R1 and R2
» Hanmer Reactors R6, R7, R8 and R9
» Essa Reactors R3 and R4

Existing Hanmer Reactors R1 and R2 were left iniserdue to the inability of switching these reastim
and out of service on-load.

Existing 5 Mvar capacitors SC3 and SC4 at Hearswv&f® assumed out of service to avoid pre-
contingency overvoltages at Hearst TS.

An over generated northern system scenario wagesttol maximize the Flow South transfer. The getimma

in the Northeast is maximized to obtain the follogvpower transfers pre-contingency. These aredke b
assumptions used for all studies.
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Transfer Used in | Study Limit*
Interface Studies (MW) (MW)
East West Transfer East (EWTE) 325 355
Mississagi Flow East (MISSE) 600 715
Flow South (FS) 2060 2250**
Flow into Hanmer on P502X 1300 -

Table 5: Power Transfer Study Assumptions
* Study Limit = Operating Limit + 10%
** Preliminary limit derived assuming reactors RidaR2 at Hanmer out-of-service

The transfers through the FS interface and on 3006idcuit P502X reflect the expected expanded vafoe
these interfaces with the above system configuragsumptions.

In addition to the above pre-contingency limitg following limits were observed for post-continggn
analysis:

Interface Limit (MW) Contingency
Flow on A8K + A9K @ Ansonville 40 South / 50 North Loss of P502X
Flow through Spruce Falls T7 75 South/ 50 North d4.06D501P
Flow on HOK @ Hunta 80 Loss of D501P

Table 6: Applicable Post-Contingency Limits

Sudy Scenarios

The assessment was completed trying to incorpatbéxisting and committed local generation atrthei
maximum rated MW output. The following are the Mhtches of all local generation and major load
facilities:

Output

Generating Station (MW)
Abitibi Canyon 115 kV GS 140
TCPL Tunis CGS 55 -
NP Cochrane 42 Station Demand (MW)
Long Sault Rapids 16 Timmins QZ 45
Sandy Falls GS 5.5 Laforest Road 10
Wawaitin GS 15 Kidd Creek Minesite 30
Lower Sturgeon GS 14
NP Solar Martin’'s Meadows, 30
Abitibi and Empire
NP Solar Long Lake 10
Kapuskasing/lvanhoe 24.5
The Chute, Ivanhoe River 3.6
Wanatango Falls 4.67
Ramore Solar Park 8

Table 7: Local Area Generation and Load Dispatch
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To accommodate all new local generation while st#pecting system flow limits through the Flow Sou
interface and the P502X circuit (as outlined in[€&f), generation at the expanded Lower Mattagami
facility had to be dispatched down.

Due to system limitations, accommodating full gatien capacity from the Northeast region will net b
possible. To increase generation capacity, itdemenended that Hydro One explore the feasibility of
making reactors R1 and R2 at Hanmer capable ofjlmifiched in and out of service on-load. This wil
increase transfer capability through the P502Xuiirand the Flow South interface.

Two different connection arrangements were studied:

Normal Arrangement — Tunis GS connected to A5H, Cochrane GS & LongtSapids connected to
A4H

Alternate Arrangement — Tunis GS & Cochrane GS connected to A5SH, Longt$%apids connected to
A4H

Both Normal and Alternate Arrangements were comsilléor thermal analysis. Only the Normal
Arrangement was studied for voltage and transitrliss.

6.2  Protection Impact Assessment

A Protection Impact Assessment (PIA) was compleietlydro One to examine the impact of the new
generation facility on existing transmission sysfaotections. The existing protections for cirodiH at
the solar farm were described in the PIA report thiedoroposed protection settings were analyzeedbas
on preliminary fault calculations. Finally, the pased protection solutions and recommendations were
presented.

The connection of the proposed facility will reguthe revision of zone 2 protections reach settags
Hunta SS and Ansonville TS as well as a new telesonication link(s) to transmit protection signals
amongst existing stations. A copy of the Proteclinpact Assessment summary can be found in
Appendix B of this report.

The IESO concluded that the proposed protectionsaglients have no material adverse impact on the
reliability of the IESO-controlled grid.

6.3 Reactive Power Compensation

Market Rules require that generators inject or eidlv reactive power continuously (i.e. dynamicady/n
connection point up to 33% of its rated active poateall levels of active power output except where
lesser continually available capability is perndttey the IESO.

The Market Rules accepts that a generating unit avppower factor range of 0.90 lagging and 0.95
leading at rated active power connected via a mafput transformer impedance not greater than 13%
based on generator rated apparent power providagtjuired range of dynamic power at the connection
point.

Typically, the impedance between the PV invertet i@ connection point is larger than 13%. However,
provided the PV inverter has the capability to jueva reactive power range of 0.90 lagging powetofa
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and 0.95 leading power factor at rated active pptherlESO accepts the PV inverter to compensate fo
the full reactive power requirement range at thaneation point with switchable shunt admittanceg.(e
capacitors and reactors). Where the PV invertenbasapability to supply the full dynamic reactive
power range at its terminal, the shortfall hase@bmpensated with dynamic reactive power deviees (
SVC, Statcom).

This section of the SIA indicates how the Solamraan meet the Marker Rules requirements regarding
reactive power capability, but the connection ajapit is free to deploy any other solutions whicuhein
its compliance with the Market Rules.

It is the connection applicant’s responsibilitystasure that the Solar Farm has the capability &t the

Market Rules requirement at the connection poidtlzmable to confirm this capability during the
commission tests.

6.3.1 Dynamic Reactive Power Compensation

The following table summarizes the IESO’s adeqietel of reactive power from each generator and the
available capability of SMA SC500HE-US PV invertat rated terminal voltage and rated power.

Rated | Rated Reactive Power Capability Total Facility | Power
Voltage| Active Output Factor
Power
- S _ 60 x 0.242 =
ESO Qmax= 0.5 x tan [c05(0.9)] = 0.242 Mvar| 7, =y 7| 0.9 lag
Requirementg 200V 0.5 MW
1 Qun= 0.5 x tan [cob (0.95)] = 0.164 Mvar  °0p,01% =/ 0,95 lead
60 x 0.164 =
SC500HE-US Qmax= 0.164 Mvar +9.4 Mvar 0.95 lag
(Existing 200V | 0.5 MW
Capabilit o 60 x 0.164 =
pability) Qmin = 0.164 Mvar 0.4 Mvar | 0-95lead
60 x 0.242 =
SC500HE-US| Qmax= 0.242 Mvar +14.5 Mvar | 9-90 lag
(Future 200V | 0.5 MW 0 0002
Capabilit o x 0.242 =
pability) Quin = 0.242 Mvar 0924221 0,90 lead

Table 8: Inverter Dynamic Reactive Power Requiremets & Capability

The existing model of the SC500HE-US inverter hdgreamic reactive power capability of 0.95 lead —
0.95 lag. Future implementations of the SC500HEW@rter will have a dynamic reactive power
capability of 0.9 lead — 0.9 lag. SMA has indicatieat this enhanced model will become availabléhay
end of 2010.

With existing SMA models of the SC500HE-US invergedynamic reactive power device
(SVC/statcom) with a capability ef5.1 Mvar has to be installed at the facility to compensaiteéhe
dynamic reactive power deficiency of the facilifihe location of this device can be at the facililyp kV
overhead bus or at one of the LV collector buses.
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Should future enhancements of the SC500HE-US iarvprovide an increased dynamic reactive power
range of 0.9 leading — 0.9 lagging (as indicate&®A), the applicant must communicate the inverter
reactive power capability changes to the IESO lmnafor reassessment of reactive power requirements

6.3.2 Static Reactive Power Compensation

In addition to the dynamic reactive power requiramedentified above, the Solar Farm has to compensa
for the reactive power losses within the faciliyeinsure that it has the capability to inject ahdiaw
reactive power up to 33% of its rated active poatehe connection point. As mentioned above, tI®0JE
accepts this compensation to be made with switehsiinint admittances.

Load flow studies were performed to calculate thedhfor static reactive compensation, based on the
equivalent parameters for the Solar Farm providethe connection applicant.

The reactive power capability in lagging p.f. of theneration facility was assessed under the failpw
assumptions:

» typical voltage of 127 kV at the connection point;

« maximum active power output from the equivalena&élarm;

e maximum reactive power output (lagging power factmom the required dynamic reactive
compensation device;

» 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 p.f. of tpeneration facility was assessed under the folipw
assumptions:

» typical voltage of 127 kV at the connection point;

e minimum (zero) active power output from the equevalSolar Farm;

* maximum reactive power consumption (leading powetdr) from the required dynamic reactive
compensation device;

» 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 theejent electrical model for the Solar Farm and
collector feeders as provided by the connectiotieg. It is very important that the Solar Farnsha
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 example.,is
expected that the transformation ratio of the W1&p sip transformers will be set in such a way ithat
will offset the voltage profile along the collectand all the WTG would be able to contribute t® th
reactive power production of the WF in a sharedwamo

Based on the equivalent parameters for the SFaadded by the connection applicant, a lagging rigact
power deficiency of approximatelyltMvar exists for the total facility. Due to the relatiyedmall size of
the deficiency, the required static compensationtEaadded to the size of the SVC to provide d thta
+6 Mvar of dynamic reactive compensation for the enticalitg.

The connection applicant has the obligation to enthat the SF design and the reactive power
compensation system takes into account the rectriel® parameters and real limitations within 8fe
facility.

35



System Impact Assessment Report CAA ID 2010-4030406, 2010-409

6.4  Solar Farm Management System

For any generating facility connecting to the IE&®@wrolled grid, the IESO requires that the fagiéssists in
maintaining voltages in the high voltage systens #xpected that the solar farm controls the geltat a
point as close as possible to the connection poinalues specified by the IESO. This requires sor
farms possess the ability to supply/absorb sufftotnamic reactive power to the high voltage systeiring
voltage declines/rises.

The generation facility shall regulate automaticathltage at a point whose impedance (based od rate
apparent power and rated voltage) is not more 1886 from the highest voltage terminal based within
+0.5% of any set point within 5% of rated voltagéthe AVR target voltage is a function of reaeti
output, the slopaV /AQmax shall be adjustable to 0.5%.

The Solar Farm Management System (SFMS) must auatedihe voltage control process. The
proponent has selected the following process:

(1) All PV inverters control the PCC voltage to a refegze value. A control slope is applied for
reactive power sharing among the PV inverters dsasevith adjacent generators.

(2) SF main transformer ULTC is adjusted to regulageabilector bus voltage (LV bus voltage) such
that it is within normal range;

The proponent must submit a description of thetionalities of the SFMS, including the coordination
between the transformer ULTC and PV inverter reagiiower production to control the voltage at a
desired point. If the SFMS is unavailable, the IE®8Quires that each PV inverter control its own
terminal voltage.

To provide performance benchmarking for the typeasfresponse times expected from a solar facility
operating in voltage control mode, studies werdgpered to simulate the var response time to a ahamg
reference voltage of the AVR in a typical hydrogéliedfacility. The facility collector system was mhelled
as per the SIA application, the PV inverters weggdaced with minimum IESO acceptable default
parameters of a salient pole machine, excitatistesy and power system stabilizer. At time t=0, the
reference voltage of the machine bus terminalscasged from 1.00 to 1.05 pu, the var responseeof t
entire facility was monitored at the connectionmpobtudy results are shown on Figure 10.
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Figure 10: VAR Response Time of Minimum Acceptablélydroelectric Facility

The generator responds to an increase in referatta@e by increasing its reactive power outputrider
to achieve the new desired set point in generatamibal voltage. The response time is shown to be
approximately 0.55 sec from the time the referamteage is changed.

The response time of inverter var output to chaiy@d/R reference voltages must be minimal and
similar to conventional generator technologies. fations using minimum acceptable default pararseter
of a hydroelectric facility in place of the PV imters yielded a var response time of approximadedp
sec. The connection applicant is required to hawdeas or better var response time performance.

6.5 Thermal Analysis

The thermal assessment examined the effects girtiposed facility on the thermal loadings of thentdy
Timmins and Porcupine 115 kV transmission system.

TheOntario Resource and Transmission Assessment Criteria requires that all line and equipment loading
to be within their continuous ratings with all elembs in service, and within their long-term ememyen
ratings with any element out of service. Lines aqdipment may be loaded up to their short-term
emergency ratings immediately following the conéingies to effect re-dispatch, perform switching, or
implement control actions to reduce the loadintheolong-term emergency ratings.

The following are the pre-contingency flows for treious 115 kV circuits in the local area, befanel
after the solar development is incorporated ineosystem:
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Normal Arrangement

Alternate Arrangement

Continuous | NP A5H Solar | NP A5H Solar | NP A5H Solar | NP A5H Solar
Rating Development | Development | Development | Development
Section Out of Service | In-Service Out of Service | In-Service
CCT From To Amps | MVA | Amps % Amps % Amps % Amps %
Hunta SS Fournier JCT 440 89. 64 14 44 60 13 1 14 32
Fournier JCT E. Tunis JCT 500 102 64 12 109 97 19 143 28
A5H | E. Tunis JCT Ir. Falls 115 JC 500 102{2 31p 62 359 71 346 69 393 78
Ir. Falls 115 JCT Ir. Falls DS JCT 380 7.7 31p 82 359 94 346 91 393 103
Ir. Falls DS JCT Ansonville TS 500 102.p 30( 60 347 69 335 67 382 76
A4H Hunta SS Fournier JCT 260 53.2 26 10 38 14 132 50 144 55
Fournier JCT Ansonville TS 260 53.2 167 64 179 68 131 50 143 55
H7T Hunta SS Warkus JCT 500 102.2 457 91 486 97 457 91 486 97
Warkus JCT Timmins TS 380 7.7 336 88 364 95 336 88 364 95
Hunta SS Tisdale JCT 500 102.2 412 82 441 88 412 82 441 88
H6T | Tisdale JCT Laforest Rd JCT| 500 102.2 407 81 436 87 407 81 436 87
Laforest Rd JCT | Timmins TS 380 7.7 428 112 457 120 428 112 457 120
P15T Porcupine TS Timmins TS 890 182.0 360 40 389 43 360 40, 389 4
P13T Porcupine TS Timmins TS 890 182.0 415 46 442 49 415 46 443 49

Table 9: Pre-Contingency Thermal Results

The study results show congestion exists with gastof the H6T and H7T circuits. These congestion
issues exist during day time conditions, whenaaal area generation is in-service causing highgpow
transfers through the 115 kV system. The connectidhe Northland Power Martin’s Meadows,
Abitibi and Empire development increases the flowshe H6T and H7T circuits and thus increases
congestion. Accommodating full generation outpatifrall local generation will not be possible.

Congestion on the H6T circuit was identified withlacal area generation in-service and operatiegrn
their maximum installed capacity. The incorporatifrthe proposed project will increase congestibis.
required that Hydro One upgrade 115 kV circuit H®Im Laforest Road JCT to Timmins TS and 115
circuit H7T from Warkus JCT to Timmins TS as sosrpaactical to help alleviate congestion. Connecti
to the grid of the proposed facility is not depemtdan the implementation of this requirement.

KV

The study results also indentified congestion @ABH circuit under the Alternate Connection
Arrangement when the new facility is at full outjmd existing Tunis and Cochrane generating
stations are both connected to circuit A5H, opegatiear their full rated capacity.

Congestion issues were identified trying to accomate full output from the new SF when Tunis G
and Cochrane GS are both connected to circuit Axpéerating restrictions will need to be
implemented to avoid the simultaneous connectigh®three facilities to the A5H circuit when all

units are operating near their full MW capacity.

UJ

To alleviate congestion, Northeast generation wadispatched so that pre-contingency power flows
on the H6T and H7T circuits were below their contins ratings. In particular, Lower Sturgeon GS
was placed out of service while generation at Abiflanyon 115 kV GS and NP Cochrane was
reduced. The following outlines the local generaticsspatch used in this non-congested case:
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Generating Station Output (MW)
Abitibi Canyon 115 kV GS 120
TCPL Tunis CGS 55
NP Cochrane 38
Long Sault Rapids 16
Sandy Falls GS 5.5
Wawaitin GS 15
Lower Sturgeon GS Out of service

NP Solar Martin’'s Meadows,

Abitibi and Empire 30

NP Solar Long Lake 10
Kapuskasing/lvanhoe 24.55
The Chute, Ivanhoe River 3.6
Wanatango Falls 4.67
Ramore Solar Park 8

Table 10: Local Area Generation Dispatch Used for &st-Contingency Thermal Studies

Using this non-congested case with the Normal Cctimre arrangement, contingency studies were
performed to identify potential post-contingencgrthal violations. The following summarizes the pre-
contingency and post-contingency flows for the k¥&ircuits in the local system. The pre-contingenc
flow on each circuit is expressed in amperes ancem¢age of continuous rating. The post-contingency
loadings of the monitored circuits include loadin@mperes, and percentage of loading of the LTE an
STE.
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é:a‘;[‘rfg LTE | STE Congrr]‘;'ency Loss of AdH Loss of H6T Loss of H7T? Loss of P91¢Y
Section
ccT From To Amps | Amps | Amps | Amps Co/oont Amps L;)E S(,-/EE Amps L;)E S(,-/EE Amps L;,;)E s;,-/I;E Amps L;,;)E s;,-/I;E
Hunta SS Fournier JCT 440 440 444 59 1B 25 5 5 1f8 40 40 139 31 31 133 30|  3d
Fournier JCT E. Tunis JCT 500 500 504 90 1B 137 27 27 178 35 35 139 27 27 133 26 26
ASH E.Tunis JCT Ir. Falls 115 JCT 500 530 54( 33D 67 933 73 72 179 33 33 142 26 26 139 26 2
Ir. Falls 115 JCT| Ir. Falls DS JCT] 380 494 58 330 89 389 79 67 179 36 31 142 29 24 139 28 4
Ir. Falls DSJCT | Ansonville TS 500 630 744 32] 65 773| 59 51 168 26 22 130 20 17 147 28 19
Hunta SS Fournier JCT 260 260 260 35 13 - - - 185 71 71 153 59 59 102 39 | 39
AdH Fournier JCT Ansonville TS 260 260 260 158 60 - - - 140 54 54 107 41 41 116 44 44
Hunta SS Warkus JCT 500 530 530 461 92 455 85 85 465 87 87 - - - 412 77 | 77
HrT Warkus JCT Timmins TS 380 380 380 338 89 332 87 87 351 92 92 - - - 298 78 | 78
Hunta SS Tisdale JCT 500 530 530 424 84 418 78 78 - - - 363 68 68 377 71 | 71
H6T Tisdale JCT | Laforest RdJCT| 500 530 530 420 84 413 78 78 - . . 357 67 67 371 70 | 70
Laforest Rd JCT|  Timmins TS 380 380 380 382 | 100 | 376 99 99 - - - 324 85 85 338 89 | 89
P15T Porcupine TS Timmins TS 890 114D 127 340 42 74 3| 32 42 373 32 29 52 4 4 335 29 2p
P13T | Porcupine TS Timmins TS 890 1060 | 1190 | 373 42 368 34 41 79 7 6 318 30 26 343 32 | 28
Table 11a: Post-Contingency Thermal Results
Notes:

(1) GIR is required to obey the 15 minute LTR offHWnits rejected = NP Cochrane, TCPL Tunis, LoaglSRapids, NP MM/Empire/Abitibi

(2) G/R is required to obey the 15 minute LTR offH&nits rejected = NP Cochrane, TCPL Tunis, AbiG@anyon G2, NP MM/Empire/Abitibi

(3) G/R is required to obey the 15 minute LTR offHhd H7T. Units rejected = NP Cochrane, TCPL TuNR MM/Empire/Abitibi, Abitibi Canyon G2, NP Iroauis Falls G1
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LTE | STE | Loss of Ansonville T3 | Loss of Ansonville T2° | P91G H1L91 IBO® | P91G H1L91 IBO™
Section
cCcT From To Amps | Amps | Amps L(;)E S;,-/[)E Amps L(;)E S(,};E Amps L;;]E S;,-/[)E Amps L;,;)E S(,}(;E
Hunta SS Fournier JCT 440 440 229 53 52 2 g 5 209 47 47 37 8 8
Fournier JCT E. Tunis JCT 500 500 95 19 19 26 5 5 6 7] 15 15 37 7 7
A5H | E.Tunis JCT Ir. Falls 115 JCT| 530 540 14§ 2 27 36 6 6 167 31 30 43 8 7
Ir. Falls 115 JCT | Ir. Falls DS JCT 490 580 144 30 52| 36 7 6 167 34 28 43 8 7
Ir. Falls DS JCT | Ansonville TS 630 740 137 21 18 31 4 4 156 24 21 33 5 4
o Hunta SS Fournier JCT 260 260 122 46 46 56 21 21 107 41 41 67 25 25
Fournier JCT Ansonville TS 260 260 9 3 3 11 4 4 17 6 6 19 7 7
L7 |_Hunta SS Warkus JCT 530 530 593 112 112 429 81 81 579 109 109 415 78 | 78
Warkus JCT Timmins TS 380 380 468 123 123 311 81 81 454 119 119 297 78 | 78
Hunta SS Tisdale JCT 530 530 556 104 104 393 74 74 542 102 102 379 71 | 71
H6T | Tisdale JCT Laforest Rd JCT | 530 530 552 104 104 388 73 73 538 101 101 374 70 | 70
Laforest Rd JCT | Timmins TS 380 380 514 135 135 353 93 93 500 131 131 339 89 | 89
P15T | Porcupine TS Timmins TS 1140 1270 511 44 40 348 30 27 497 4 3 33 P9
P13T | Porcupine TS Timmins TS 1060 1190 502 47 42 354 33 29 488 46 41 340 32 28
Table 11b: Post-Contingency Thermal Results
Notes:

(4) No G/R simulated.
(5) GIR is required to obey the 15 minute LTR offHBd H7T. Units rejected = NP Cochrane, TCPL TuNR MM/Empire/Abitibi
(6) G/R is required to obey the 15 minute LTR offHBd H7T. Units rejected = NP Iroquois Falls G2, G3 (as per existing SPS capability)
(7) G/R is required to obey the 15 minute LTR offHéhd H7T. Units rejected = NP Iroquois Falls G2, G3, NP Cochrane, TCPL Tunis, NP MM/Empire/Alitib
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The study results show that for the loss of theohngle T2 autotransformer and the inadvertent keea
operation (IBO) of the 115 kV H1L91 circuit breaksdrAnsonville, sufficient generation rejection
resources do not exist to mitigate post contingeheymal overloads. Rejecting or the loss by
configuration of the existing Northland Power IroigiFalls generation facility will not be enough to
mitigate the overloads on the H6T and H7T circfatshese contingencies. As such, it is required th
Hydro One modify the existing 115 kV Northeast I&R5/R scheme, to have various 115 kV generation
facilities as selectable options for the loss ofémville T2 and H1L91 IBO inputs.

Post-contingency power flows through the H6T and ldifcuits will violate their respective limitedie
ratings for the loss of Ansonville T2 and H1L91 IBOGntingencies. The incorporation of the proposed
project will increase these overloading issues.rblydne is required to modify the existing 115 kV
Northeast L/R & G/R scheme to allow G/R of varidd$ kV generation facilities for the selection loé t
Ansonville T2 and H1L91 IBO contingencies. Unitestable for G/R should include Tunis, Cochrane
Long Sault Rapids and the entire NP Solar Martiwésadows, Abitibi and Empire facility.

6.6 Voltage Analysis

The assessment of the voltage performance in théh&st system was done in accordance with the
IESO’sOntario Resource and Transmission Assessment Criteria. The criteria states that with all facilities
in service pre-contingency, 115 kV system voltagelides/rises following a contingency shall be tedi
to 10% both before and after transformer tap chaagigon.

The voltage study was completed with the flow leyaksumptions and generation dispatch listed in
section 6.1. The constant MVA model was used i lpog-contingency state and in post-contingency
post-ULTC state. The voltage dependant load modslwged in post-contingency pre-ULTC state.

The study results summarized in Table 12 show ftage performance concerns with local area 115 kV
contingencies.

For contingencies to the 500 kv P502X circuit, shedy results show overvoltage and voltage stsbilit
issues in the immediate post-contingency statesd fssues are the result of excess vars in the post
contingency system due to capacitor banks thdeéireonnected at Hanmer and Porcupine. A soluton
this problem would be the automatic switching gfawitor banks at Porcupine and Hanmer to help
mitigate overvoltage issues. This solution is cstesit with conclusions and requirements made in the
Lower Mattagami Generation Expansion system impaséessment (CAA ID 2006-239). Other possible
solutions would include increasing the reactiveoaisg capability of the Porcupine SVC.
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Monitored Busses Pre-Cont | Lossof NP ASH Solar Farm Loss of A5SH Loss of P13T Loss of P15T

Base| Voltage Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
Bus Name

kv) | V) kv [ % | kv [ % [ kv [ % | kv | % | kv [ % | kv | % | kv | % | kv | %
Porcupine TS 118 126.4 127.1 06 127.1 6 1277 127.7 1 127.3 0.7 1274 0.8 127.6 1 12).6
Timmins K1 118 125.7 126.4 0.6 126{1 03 12}.0 1 702 1 126.7f 0.8| 126.Y 0.8 1264 0.p 1264 Q.
Timmins K2/K3 118 125.9 126.6 0.6 126/6 06 12y.3.1 1 127.3 11| 126.9 0.3] 126/3 0. 12%.1 -0.6 124.9.8 -
Hunta SS 118 127.7 128.1 03 1281 Q.3 1287 (0.8 8.712 0.8 | 127.7 0 127.9 0 127)7 0 127.7
Canyon SS 118 129.2 129.3 0{1 1293 1 129.7 |0.429.71] 0.4 | 129.1 -0.1f 1291 -0.1 1291 -0j11 129.1 1 -p.
Ansonville SS 118 123.6 123.9 0p 1239 (03 1223.14 1223| -1.1| 1226 -0 122/6 -08 1228 -Q.6 .822-0.6
NP SF A5H 118 127.1 127.6 o4 12796 Q4 127.1 0 7134 O 126.9| -0.2| 126.9 -0.2 126|9 -01 1269 -Q.

Monitored Busses Pre-Cont Loss of P502xY Loss of P502X®

Base| Voltage Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
Bus Name

kv) | &) kv | % KV % KV % KV %
Pinard TS 500 526.5 - - - - - - - -
Porcupine TS 500 5259 562.1 | 6.9 | Diverged | N/A 528.7 0.5 529.2 0.6
Hanmer TS 500 537.7| 558.3 | 3.8 Diverged N/A 548.4 2 550.7 2.4
Pinard TS 220 238 - - - - - - - -
Porcupine TS 220 242.9| 259.2 | 6.7 Diverged N/A 242.9 0 242.9 0
Hanmer TS 220 243.2| 250.3 | 2.9 Diverged N/A 243.9 0.3 245.4 0.4
Ansonville SS 220 239.2 | 258.1 | 7.9 | Diverged| N/A 244.7 2.3 244.8 2.3
Porcupine TS 118 126.4] 137 8.4 Diverged N/A 1295 25 129.8 2.7
Timmins K1 118 125.7 | 136.4 | 85 Diverged N/A 129.1 2.7 129.3 2.8
Timmins K2/K3 118 1259 | 136.6 | 85 | Diverged| N/A 129.3 2.7 129.7 3
Hunta SS 118 127.7| 133.8 | 4.8 | Diverged | N/A 129.2 11 129.5 1.4
Canyon SS 118 129.1| 1343 | 4 Diverged | N/A 130.1 0.8 130.5 1.1
Ansonville SS 118 123.6 130.3 5.4  Diverged NIA 126 1.9 126.2 2.1
NP SF A5H 118 127.1| 132.7 | 4.4 | Diverged | N/A 128.2 0.8 128.5 1.1

Table 12: Voltage Study Results
Notes:
(1) Post-Contingency Flow on A9K + A8K =16 MW Shut (2) Post-Contingency Flow on A9K + A8K = 35 MW Sbut
Cross tripping of circuits D501P, L21S and&3 Cross tripping of circuits D501P, L21S andi’3
Total G/R = 1460 MW Total G/R = 1460 MW

Automatic Capacitor Switching = 2 x Porc. x Hanmer
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Post-contingency voltage stability and overvoltageies exist with the loss of the 500 kV P502Xuitrc
without the rejection of new and existing capacitanks at Hanmer TS and Porcupine TS. Automatic
switching of these capacitors, as well as newl{alted capacitors at Pinard TS will need to be
implemented to mitigate overvoltage concerns inNbetheast system. This switching can be
implemented using a voltage based switching schmmnibe condition that voltage thresholds are slyita

chosen and time delays are minimal. Should Hydre @munable to meet these conditions, the autom

switching of these capacitors will need to be adaedesponses to various contingencies to therexist
Moose River G/R and/or Northeast 115 kV L/R & GReames.

No other voltage concerns were identified withitimrporation of the proposed project.

atic

6.7

Transient Analysis

Transient stability analyses were performed comgigdaults in the Northeast system with the Nattd
Power Martin’'s Meadows, Abitibi and Empire fac#isi in-service. Various three phase and LLG faults
were considered under the study conditions outlinedkction 6.1.

Fault Clearing | G/R Scheme (ms) Circuit Cross Tripping (ms)
ID Contingency | Location Fault ifieN sy
gency MVA Moose | NE 115 | L21S/K38S D501P
Local | Remote )
River kV
TC1 X503E Hanmer 3 Phase 64 91 - - - -
TC2| P502%) | Hanmer| 3Phase 66| 91| 180  23¢ 180 | O s
520 —
TC3 H7T Hunta 2150 83 111 - 230 - -
520 —
TC4 H6T Hunta 2150 83 111 - 230 - -
. . 460 — )
TC5 P13T Timmins 3300 83 34% - - - -
- 460 — )

TC6 P15T Timmins 3300 83 34% - - - -

. 420 — )
TC7 P13T Porcupine| 7>, 83 349 - - - -

. 420 — )
TC8 P15T Porcupine| 750, 83 34% - - - -

Table 13: Transient Simulation Information
Notes:

(1) Capacitors at Porcupine 230 kV and Hanmer 28@é&re tripped 1 second after the fault

(2) Long remote end fault clearing time is dueh® tise of Remote Trip communication signals orPth&T and P15T circuits
instead of normally used Transfer Trip communigas@nals. The use of single channel remote tgpals through DC metallic
leased wires results in a communication delay 6f 28

Transient simulations for the P13T @ Porcupineiogency resulted in the transient instability of th
Lower Sturgeon generators. Due to the small sizeedfe embedded units and the fact their instpbilit
does not propagate to the rest of the systemddas not pose any reliability concerns to the IESO
controlled grid. Plots of all local generator arsgtieiring this fault are shown in Figure 11. Lower
Sturgeon units are tripped when their rotor angde@sh approximately 360 degrees to simulate their
generator out-of-step protections. All other ungisiain stable and show well-damped angle osciflatio
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Figure 11: Local Area Generator Angles for P13T @ 8rcupine L-L-G Fault

Appendix A shows the plots of all other simulatethsient contingencies, which show no transient
performance issues. It can be concluded from thdteethat, with Northland Power Abitibi, Martin’s
Meadows and Empire on-line, none of the simulatediogencies result in transient performance
concerns.

L-L-G faults at Porcupine on the P13T circuit résultransient instability of the Lower Sturgeon
embedded generators, but do not pose any reliabditcerns to the IESO controlled grid. The
incorporation of the proposed facility will contuite to this existing issue. It is recommended khatro
One upgrade teleprotections for the P13T and PiBUiits to reduce remote end fault clearing tinmas f
faults on these circuits.

All other transient contingencies show stable aetl damped oscillations with the incorporation loé t
proposed project.

6.8 Relay Margin

It is necessary that sufficient margin is maintdibetween the impedance characteristics of thggelathe
terminals of un-faulted circuits and the apparemia@dance trajectories during external faults. Trequired
to ensure that protective relaying does not inadwly trip for any external faults.
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The IESO requires that the relay margin followiaglf clearance for 115 kV circuits to be a minimofii5
percent on all instantaneous relays and zero peoceall timed relays having time delays less tbaaqual
to 0.4 seconds. For relays with time delay settgrgater than 0.4 seconds, the apparent impedexeetory
may enter the tripping characteristic after falébcance for a period of time no greater that calédf the
relay time delay setting.

The following are the time delay settings of alags used in the analysis:

Circuit Terminal Protection LA [DEED
(seconds)
Zonel=0
Dymond A2l Zone 2= 0.4
. Zonel=0
D3K Kirkland Lake A21 Zone 2 = 0.65
. Zonel=0
Kirkland Lake B21 Zone 2 = 0.65
Note:

‘B’ Protections at the Dymond terminal have no z@rmverage, thus, no relay margin analysis has bempleted for those
protections

Figures 12 and 13 show the relay characteristidsfaa apparent impedance trajectory of 115 kV @iGK

for a 3 phase fault at Hanmer on P502X.

Figure 12: D3K @ Dymond ‘A’ protections for 3 phasefault at Hanmer on P502X

CAA ID 2010-40302406, 2010-409
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Flgure 13: D3K @ Kirkland Lake ‘A’ & ‘B’ protection s for 3 phase fault at Hanmer on P502X

It can be seen that the trajectory for the Kirklduadte terminal of D3K enters the ‘A’ and ‘B’ proténs,
zone 2 characteristics. While ‘A’ protections ingions were minimal, ‘B’ protections incursions wa@nter
the zone 2 characteristic for approximately 350 i@sulting in the violations of the IESO relay miarg
criteria. This result is consistent with conclusi@nd requirements made in various system impadiest
completed for the incorporation of Nobel SS (CAA2D04-160), Lower Mattagami Expansion (CAA ID
2006-239), Porcupine and Kirkland Lake SVC (CAA2006-223).

Relay margin violations exist at the Kirkland Lakeminal of the D3K circuit for a 3 phase fault thie
P502X circuit at Hanmer. Hydro One is requireddattue work on resolving these relay margin violas.
Possible solutions include revising ‘B’ protecti®ettings to reduce the Zone 2 quad characteristic.

6.9 Low-Voltage Ride Through Capability

The new generating facility is required to rideotigh routine switching events and design criteria
contingencies assuming standard fault detectioxliaty relaying, communication, and rated breaker
interrupting times, unless disconnected by conéigan.

Large shunt reactive elements are common at trasfoni stations in Ontario. The magnitude of ruauti
switching transients is site dependent and musbhbsidered in equipment design. Please be awaratha
the electrical proximity of the facility there atee following switching elements:

+300/-100 MVAr SVC at Porcupine 230 kV

+200/-100 MVAr SVC at Kirkland Lake 115 kV

Shunt Capacitor Banks at Porcupine 230 kV bus1@XMVAr @ 250 kV)
500 kV circuits P502X and D501P

As with any other generator, the SC500 is expetctedp only for contingencies which remove the
generator by configuration or abnormal conditiomshsas severe and sustained under-voltage, over-
voltage, under-frequency, over-frequency. &tee severity of under-voltage seen by generatanitals

is to be temporarily mitigated by the LVRT capailiThe LVRT feature is implemented by injection of
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additional reactive current by the grid side AC/Bdhverter to maintain generator terminal voltage in
the event of a disturbance in the power systemddiades the terminal voltage to drop.

The implementation of LVRT should not require angtant modification to under-voltage protectiortinegs.
In the PSS/E model for the SC500 inverter, the LMB&ature accompanies a change of under-
voltage/overvoltage settings as shown below.

Voltage range Event
V>1.20 pu Trips in 0.16 sec
120>V >1.10pu Tripsin 1.00 sec
1.10>V >0.85pu| No trip
0.85>V>0.45pul Tripsin 2.00 sec
0.45>V > 0.00 py Tripsin0.16 sec

In order to examine the need for low voltage ritt@tigh (LVRT) capability, the terminal voltagestbé
PV inverters was monitored for the contingencietlireed in Table 13 of Section 6.7. The variatiorttod
terminal voltage of the new generation facilitpletted in Figure 14. It can be seen that the damat
during which the PV inverter terminal voltage drdyegow 0.85 pu is about 0.1 sec and that the tedmin
voltage never drops below 0.45 pu. Therefore, fadét through capability of the proposed inveriers
adequate.
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Figure 14: Terminal Voltage of SC500 Inverter Durirg Various Simulated Faults
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The LVRT capability must be demonstrated during massioning by monitoring several variables
under a set of IESO specified field tests and éselts should be verifiable using the PSS/E model.

6.10 Special Protection System (SPS)

The Northeast 115 kV Load and Generation Reje@idmeme was designed to address the problem of
excess generation being imposed on the underlyibk¥ system under contingency conditions
involving the 500 kV, 230 kV and 115 kV Systemsthasf Sudbury.

Due to the MW capacity of the Northland Power AbjtMartin’'s Meadow and Empire project and its
location in the Northeast power system, the prop@seject must be added to the NE 115 kV L/R & G/R
Scheme to help address post-contingency thermaloawekng of the H6T and H7T circuits, as well as to
help respect existing post-contingency operatimitdi at Ansonville TS. The G/R for the facility niuse
initiated upon the detection of the P502X, P91GHAHMI6T, H7T, H6T & H7T, H1L91 IBO and
Ansonville T2 contingencies. G/R can be initiatgdigpping the total 30 MW facility via the 115 kV
breaker located at the project’s connection pairthe IESO controlled grid.

North East 115 kV L/R & G/R Scheme

INPUT: CONTINGENCY SIGNALS
2 S | @
o =S
: = log B
< 9 T (=3 ﬁ o
- o3 | T .-
o N Ol ln s | = - Existing
= nl ol x| © ~ | ©
E dla|<|I|IT|I|c |< - New
@]
O | new: Martin’s Meadows, Empire, Abitibij X | X | X | X | X | X | X X
'5 Long Sault Rapids NUG X[ X | X | X | X | X |X X
o
5 | Cochrane Power NUG X I X | X [ X [X |X|X] X
© [ Tunis NUG X [ x | x [ x|x[x[x] x

Figure 15: Modifications to the NE 115 kV L/R & G/R Scheme

Similar to existing generation facilities connectedhe Northeast system, the proposed project must
participate in the North East 115 kV L/R & G/R Sjg¢®rotection Scheme to address post-contingengy
thermal overloading of the H6T and H7T circuitsyael as to respect existing post-contingency ojpeya
limits at Ansonville TS. The facility must be alttebe selected for G/R upon the detection of thHg2RX5

P91G, A4H, H6T, H7T, H6T & H7T, H1L91 IBO and Ansadlte T2 contingencies. The Northeast 115
kV L/R & G/R scheme is expected to maintain its @y{h Special Protection Scheme classificationrafte
the proposed modifications.

174

— End of Report —
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Appendix A: Diagrams for Transient Simulation
Results
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TC2 — P502X @ Hanmer:
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TC3 — H7T @ Hunta:
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TC4 — H6T @ Hunta:
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Power to Ontario.

Mr. John W. Brace On Demand.

President & CEQ Station A, Box 4474
. . Toronto, ON

30 St. Clair Ave. West, Suite 1700, AT G

Toronto, ON
M4V 3A1

Dear Mr. Brace:

Northiand Power Solar Martin’s Meadows, Abitibi, Long Lake and Empire
Notification of Addendum of Conditional Approval to Conunection Proposal.
CAA ID Number: 2010-403, 2010-406, 2010-408, 2010-409

Thank you for the updated information regarding the proposed Northland Power Solar
Martin’s Meadows, Abitibi, Long Lake and Empire

From the new information provided, we have concluded that the proposed changes at
Northland Power Solar Martin’s Meadows, Abitibi, Long Lake and Empire will not result in
a material adverse impact on the reliability of the integrated power system.

The IESO is therefore pleased to grant conditional approval for the modification detailed in
the attached addendum to the System Impact Assessment (SIA) report. Any material
changes to your proposal may require re-assessment by the IESO in accordance with Market
Manual 2.10, and may nullify your conditional approval.

Final approval to connect the facility to the IESO-controlled grid will be granted upon
successful completion of the IESO Market Entry process including, without limitation,
satisfactory completion of the requirements set out in the addendum to the SIA report.
During this process you will be expected to demonstrate that you have fulfilled the
requirements and that the facility you have installed is materially unchanged from the
proposal assessed by the IESO. Please refer to the "Market Entry: A Step-by-Step Guide”
attachment in your approval email for key steps in the Market Entry process. In order to
initiate this process, please contact Market Entry at market.entrv@ieso.ca at least eight
months prior to your energization date.

For further information, please contact the undersigned.

Yours truly,

'\}\}\L@W
Michael Falvo

Manager — Market Facilitation
Telephone:  (905) 855-6209
Fax: (905) 855-6319
E-mail: mike. falvo®@ieso.ca

cc: IESO Records

All information submitted in this process will be used by the IESO solely in support of its obligations under the
Electricity Act, 1998, the Ontario Energy Board Act, 1998, the Market Rules and associated polices, standards
and procedures and in accordance with its licence. All information submitted will be assigned the appropriate
confidentiality level upon receipt.

i
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Disclaimers

IESO

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

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

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

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

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

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

HYDRO ONE

Special Notes and Limitations of Study Results

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

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

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

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

The additional facilities or upgrades which areuiszf to incorporate the proposed connection
have been identified to the extent permitted byedimpinary assessment under the current IESO
Connection Assessment and Approval process. Auditifacility studies may be necessary to
confirm constructability and the time required éonstruction. Further studies at more advanced
stages of the project development may identify thatthl facilities that need to be provided or
that require upgrading.
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Executive Summary

Description

Northland Power is developing a new 10 MW solar @ogeneration facility in Hunta, Ontario. The
project was awarded a procurement contract unee®titario government Feed-In-Tariff (FIT) program,
and is expected to start commercial operation imdidtber 2012.

This assessment examined injecting 10 MW of salargr generation into the provincial grid via the&s11
kV circuit C2H and its effects on the reliability the IESO-controlled grid.

The following conclusions and recommendations weaele:

Findings
The analysis concluded that:

(1) The proposed solar development does not have aialaéverse impact on the reliability of the
IESO-controlled grid.

(2) The increase in fault levels due to the proposéat sievelopment will not exceed the interrupting
capabilities of the existing breakers on the IE®@t®Iled grid or the proposed breakers at the new

facility.

(3) Protection modifications to accommodate the progpasdar development have no adverse impact on
the reliability of the IESO-controlled grid.

(4) With existing Hanmer TS reactors R1 and R2 in-gerand not capable of being switched out of
service on-load and with all new FIT and expandeddr Mattagami generation in-service,
congestion will increase on the P502X circuit amel Flow South system interface.

(5) Existing congestion of the 115 kV circuit H6T wadeitified with all local area generation in-service
and operating near their maximum installed capacite proposed project increases pre-contingency
power flows and thus increases congestion.

(6) Existing post-contingency thermal overloads of k¥=circuits H6T and H7T were identified for the
loss of the Ansonville T2 autotransformer and tievertent breaker operation (IBO) of the 115 kV
H1L91 circuit breaker at Ansonville. The proposedjgct increases post-contingency power flows
and thus increases these overloading issues.

(7) Post-contingency voltage stability and overvoltegeies exist with the loss of the 500 kV circuit
P502X without the rejection of new and existingaefor banks at Hanmer TS and Porcupine TS.

No other voltage concerns were identified withitt@mrporation of the proposed project.

(8) Relay margin violation issues exist at the Kirkldrake terminal of the D3K circuit for a 3 phaselfaun
the 500 kV circuit P502X at Hanmer TS.
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(9) Existing transient stability issues of the embeddeder Sturgeon GS generators were identified for
L-L-G faults on the 115 kV P13T circuit. The propdgproject contributes to this existing issue. Due
to the small MW rating of the Lower Sturgeon embestidenerators and the fact that their instability
is contained within their distribution system, tlisue does not pose any reliability concernseo th
IESO.

All other transient contingencies show stable aetl damped oscillations with the incorporation of
the proposed project.

(10) The reactive power capability of the PV invertdmng with the impedance between the inverters
and the IESO controlled grid results in an appratarl.6 Mvar dynamic reactive deficiency and 0.5
Mvar static reactive power deficiency at the conieacpoint.

(11) Based on the information provided by the applictv,fault ride through capability of the PV
inverters is adequate.

(12) The proposed solar facility does not need conmeahd participate in the Northeast 115 kV G/R
& L/R Special Protection System or any other SPtiattime.

IESO’s Requirements for Connection

Transmitter Requirements

The following requirements are applicable for Hy@mwe for the incorporation of Northland Power Solar
Long Lake.

(1) The transmitter changes the relay settings of G2hrtihal stations to account for the effect of the
solar farm. Modifications to protection relays aftieis SIA is finalized must be submitted to IES© a
soon as possible or at least six (6) months befoyamodifications are to be implemented. If those
modifications result in adverse impacts, the cohiar@pplicant and the transmitter must develop
mitigating solutions.

Applicant Requirements

Specific Requirements. The following specific requirements are applieatal the applicant for the
incorporation of Northland Power Solar Long Lakpe§&ific requirements pertain to the level of reseti
compensation needed, operation restrictions, Sgeé@éection System, upgrading of equipment and any
project specific items not covered in the genezglirements:

(1) The solar farm is required to have the capabititiniect or withdraw reactive power continuously
(i.e. dynamically) at a connection point up to 38P4ts rated active power at all levels of active
power output. Based on the equivalent parametettthéoSF provided by the connection applicant,
the IESO’s simulations resulted in the following:

» With the existing 0.95 leading to 0.95 lagging teacpower capability of the SMA
SC500HE-US inverters, a dynamic reactive powerae($VC) with a capability of2
Mvar has to be installed at the facility to compensattehe dynamic reactive power
capability of the facility. The location of thiswlee can be at the facility LV collector buses.

* Should future enhancements of the SC500HE-US ieverbvide an increased dynamic
reactive power range of 0.9 leading and laggingr(@sated by the inverter manufacturer),



(2)

3)
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the applicant must communicate the inverter reagiower capability changes to the IESO
to allow for reassessment of reactive power requairgs.

The connection applicant has the obligation to enthat the SF has the capability to meet the
Market Rules requirement at the connection poidtlzmable to confirm this capability during the
commission tests.

The connection applicant is required to providepyoof the functionalities of the Solar Farm
Management System (SFMS) to the IESO. The SFMS owustinate the voltage control process.

The connection applicant is required to ensuretti@tesponse time of inverter var output to change
in AVR reference voltages must be minimal and sintid conventional generator technologies.
Simulations using minimum acceptable default patameof a hydroelectric facility in place of the
PV inverters yielded a var response time of appnakely 0.55 sec. The connection applicant is
required to have similar or better var response fi@rformance.

General Requirements: The proposed connection must comply with all theliapble requirements from
the Transmission System Code (TSC), IESO Marke¢Rahd standards and criteria. The most relevant
requirements are summarized below and presentadiia detail in Section 2 of this report.

(1)

(2)

3)
(4)

(5)

(6)

(7)

(8)

(9)

The new generator must satisfy the Generator Baglequirements in Appendix 4.2 of the Market
Rules.

All 115 kV equipment must have a maximum continueeol$age rating and the ability to interrupt
fault current at a voltage of at ledsp kv.

Any revenue metering equipment that is installegthcomply with Chapter 6 of the Market Rules.

Equipment must sustain increased fault levels ddettire system enhancements. Should future
system enhancements result in fault levels excgestinipment capability, the applicant is required
to replace equipment at its own expense with higétexd equipment, up to 50 k& per the
Transmission System Code for the 115 kV system.

The 115 kV breakers must meet the required inténmgpime of less than or equal to 5 cycles as per
the Transmission System Code.

The connection equipment must be designed sucladivarse effects due to failure are mitigated on
the IESO-controlled grid.

The connection equipment must be designed foofgrability in all reasonably foreseeable
ambient temperature conditions.

The facility must satisfy telemetry requirementgpas Appendices 4.15 and 4.19 of the Market
Rules. The determination of telemetry quantitied telemetry testing will be conducted during the
IESO Facility Registration/Market entry process.

Protection systems must satisfy requirements of thasmission system code and specific
requirements from the transmitter. New protectigstems must be coordinated with existing
protection systems.
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(10) Protective relaying must be configured to enswargmission equipment remains in service for
voltages between 94% of minimum continuous and 186%aximum continuous values as per
Market Rules, Appendix 4.1.

(11) Although the SIA has found that a Special Protec8cheme (SPS) is not required for the proposed
project, provisions must be made in the desigmefprotections and controls at the facility towallo
for the installation of Special Protection Schemeipment. Should a future SPS be installed to
improve the transfer capability in the area ordocanmodate transmission reinforcement projects,
The proposed project will be required to partiogoiatthe SPS system and to install the necessary
protection and control facilities to affect the ueggd actions.

(12) Protection systems within the generation facilitystnonly trip appropriate equipment required to
isolate the fault.

(13) The autoreclosure of the new 115 kkéaker(s) at the connection point must be blockigen its
opening for a contingency, it must be closed offigrahe IESO approval is granted. The IESO will
require reduction of power generation prior to ¢tesure of the breaker(s) followed by gradual
increase of power to avoid a power surge.

(14) The generator must operate in voltage control mdde generation facility shall regulate
automatically voltage at a point whose impedanesdd on rated apparent power and rated voltage)
is not more than 13% from the highest voltage teaibased within £0.5% of any set point within
5% of rated voltage. If the AVR target voltagaifunction of reactive output, the slope
/AQmax shall be adjustable to 0.5%.

(15) A disturbance monitoring device must be installgak applicant is required to provide disturbance
data to the IESO upon request.

(16) Mathematical models and data, including any costiitht would be operational, must be provided
to the IESO through the IESO Facility RegistratMarket Entry process at least seven months
before energization from the IESO-controlled gfitlat includes both PSS/E and DSA software
compatible mathematical models representing theawyipment for further IESO, NPCC and
NERC analytical studies. Thennection applicant may need to contact the software manufacturers
directly, in order to have the models includedheit packages. If the data or assumptions supplied
for the registration of the facilities materialliffdr from those that were used for the assessment,
then some of the analysis might need to be repeated

(17) The registration of the new facilities will needite completed through the IESO’s Market Entry
process before IESO final approval for connectggranted and any part of the facility can be
placed in-service.

(18) As part of the IESO Facility Registration/MarkettBrprocess, the connection applicant must
provide evidence to the IESO confirming that theippent installed meets the Market Rules
requirements and matches or exceeds the perfornpaedieted in this assessment. Until this
evidence is provided and found acceptable to ti®IEhe Facility Registration/Market Entry
process will not be considered complete and the@dion applicant must accept any restrictions
the IESO may impose upon this project’s particgain the IESO administered market or
connection to the IESO-controlled grid. Failurgtovide evidence may result in disconnection
from the IESO-controlled grid.
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(19) During the commissioning period, a set of IESO #jsettests must be performed. The
commissioning report must be submitted to the IE8®In 30 days of the conclusion of
commissioning. Field test results should be vesiéaising the PSS/E models used for this SIA.

(20) The proposed facility must be compliant with apglite reliability standards set by the North
American Electric Reliability Corporation (NERC)dthe North East Power Coordinating Council
(NPCC) prior to energization to the IESO controltgtl.

(21) The applicant may meet the restoration participaiéria as per the NERC standard EOP-005.
Further details can be found in section 3 of MaMahual 7.8 (Ontario Power System Restoration
Plan).

Please be advised that rules regarding the comneatirenewable generation facilities are curreb#éing
reviewed through the SE-91 stakeholder initiatind aew connection requirements in addition to theso
outlined in this report might be placed. More dstaan be found through the following link:
http://www.ieso.ca/imoweb/consult/consult_se91.asp

Other Requirements:

The following requirements are applicable to Hy@mee to address as soon as practical. Connection to
the grid of the NP Long Lake facility is not depention the implementation of the following
requirements. While physical implementation of filllowing requirements are the responsibility of
Hydro One, cost responsibility of the following wetrk upgrades will be determined by the rules set
forth in the TSC (Transmission System Code).

(1) The transmitter upgrades 115 kV circuit H6T fronfdrast Road JCT to Timmins TS and 115 kV
circuit H7T from Warkus JCT to Timmins TS to helfesiate thermal overloads.

(2) The transmitter modifies the existing 115 kV NogbelL/R & G/R scheme to allow G/R of various
115 kV generation facilities around the Hunta syster the selection of the Ansonville T2 and
H1L91 IBO contingencies to help alleviate post-aagency thermal overload of the H6T and H7T
circuits. Units selectable for G/R should includmis, Cochrane, Long Sault Rapids and the entire
NP Solar Martin’s Meadows, Abitibi and Empire fagil

(3) The transmitter implements an automatic switchicttese for new and existing capacitors located at
Hanmer TS, Porcupine TS and Pinard TS to helpialieypost-contingency voltage stability and
overvoltage issues in the Northeast system. Thitglsing can be implemented using a voltage based
switching scheme on the condition that voltageshoéds are suitably chosen and time delays are
minimal. Should Hydro One be unable to meet theselitions, the automatic switching of these
capacitors will need to be added as responsegitmugacontingencies to the existing Moose River
G/R and/or Northeast 115 kV L/R & G/R schemes. Taguirement is consistent with conclusions
and requirements made in the Lower Mattagami Geinar&xpansion system impact assessment
(CAA ID 2006-239).

(4) The transmitter continue work in resolving existnetay margin violation issues at the Kirkland Lake
terminal of the D3K circuit for faults to the 50¥ kircuit P502X. Possible solutions include revisin
‘B’ protection settings to reduce the Zone 2 quladracteristic. This requirement is consistent with
conclusions and requirements made in various systgract studies completed for the incorporation
of Nobel SS (CAA ID 2004-160), Lower Mattagami Ergion (CAA 1D 2006-239), Porcupine and
Kirkland Lake SVC (CAA ID 2006-223).

10
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Recommendations

(1) Hydro One improve teleprotections for the 115 k\8P&nd P15T circuits, to help improve remote
end fault clearing times for faults associated hiase circuits.

(2) Hydro One explore the feasibility of making reast®1 and R2 at Hanmer TS capable of being

switched in and out of service on-load. This wiltiease power transfer capability through the
P502X circuit and the Flow South interface.

Notification of Conditional Approval

From the information provided, our review conclutiest the proposed connection of Northland Power
Solar Long Lake will not result in a material adseeeffect on the reliability of the IESO-controllgdd.

It is recommended that a Notification of ConditibAaproval for Connection be issued for Northland
Power Solar Long Lake subject to the implementatibtine requirements listed in this report.

11
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1. Project Description

Northland Power is proposing tievelop a 10 MW solar farm located in Hunta, Ownt&nown as
Northland Power Solar Long Lake. The project waarald a Power Purchase Agreement under the
Feed-in-Tariff (FIT) program with the Ontario Powsuithority and is expected to start commercial
operation in November 2012.

The project will connect to Hydro One’s existinggldvV C2H circuit, approximately 4.1 km from Hunta
SS. The site will connect to C2H via a newly bQib km, 115 kV tap circuit and a new substatiore Th
substation will consist of one 27.6/115 kV transfer, one 115 kV circuit breaker and a motorized
disconnect switch. The 27.6 kV side of the trarmsfrwill connect to an underground cable collector

system.

The 10 MW site will consist of a total of 20 SMA SUD PV inverters with a rated power output of 0.5
MW each. Each inverter will be connected to onenaf low voltage sides of a three winding step up
transformer rated at 1 MVA each.

SMA SC500HE-US (0.5 MW each)
Number of PV inverters 20
Maximum MW 10

— End of Section —
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2. General Requirements

Generators

Each generator must satisfy the Generator Facdijyirements in Appendix 4.2 of Market Rules. ‘

The Market Rules (appendix 4.2) require that theegation facility directly connecting to the IESO-
controlled grid must have the capability to operatetinuously between 59.4Hz and 60.6Hz and for a
limited period of time in the region above straitihes on a log-linear scale defined by the pofat8s,
57.0Hz), (3.3s, 57.0Hz), and (300s, 59.0Hz).

The generators shall respond to frequency increpaseducing the active power with an average droop
based on maximum active power adjustable betweear8%7% and set at 4%. Regulation deadband shall
not be wider than + 0.06%. A sustained 10% chamgated active power after 10 s in response to a
constant rate of change of frequency of 0.1%/snduiriterconnected operation shall be achievable.

The generators must be able to ride through rostiviiching events and design criteria contingencies
assuming standard fault detection, auxiliary relgycommunication, and rated breaker interruptimgs
unless disconnected by configuration

The generation facility directly connecting to 1B O-controlled grid must have the minimum cap#bili
to supply continuously all levels of active powetput for 5% deviations in terminal voltage. Rated
active power is the smaller output at either ramedbient conditions (e.g. temperature, head, wirgdp
solar radiation) or 90% of rated apparent powey.sdtisfy steady-state reactive power requirements,
active power reductions to rated active power arenjited.

The generation facility must have the capabilitynject or withdraw reactive power continuously(i.
dynamically) at aonnection point up to 33% of its rated active power at all levaisictive power output
except where a lesser continually available cajpalisl permitted by théESO. If necessary, shunt
capacitors must be installed to offset the reagiweer losses within the facility in excess of the
maximum allowable losses. If generators do not ligwemic reactive power capabilities as described
above, dynamic reactive compensation devices naustdtalled to make up the deficient reactive power

The generation facility shall automatically regelabltage at a point whose impedance (based od rate
apparent power and rated voltage) is not more 11346 from the highest voltage terminal based within
+0.5% of any set point within +5% of rated voltagéthe AVR target voltage is a function of reaeti
output, the slopaV /AQmax Shall be adjustable to 0.5%. The equivalent tiowestants shall not be longer
than 20 ms for voltage sensing and 10 ms for theda path to the regulator output.

Connection Equipment (Breakers, Disconnects, Transformers, Buses)

1. Appendix 4.1, reference 2 of the Market Rules st#tat under normal conditions voltages in
Northern Ontario are maintained within the rang&18 kV to 132 kV. Thus, the IESO requires
that 115 kV equipment in Northern Ontario must haveaximum continuous voltage rating of at
least 132 kV.

Fault interrupting devices must be able to interfaplt current at the maximum continuous
voltage of 132 kV.

13
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If revenue metering equipment is being installegas of this project, please be aware that revenue
metering installations must comply with Chapteif he IESO Market Rules for the Ontario electricity
market. For more details the applicant is enccenldg seek advice from their Metering Service Riewi
(MSP) or from the IESO metering group.

2. The Transmission System Code (TSC), Appendix Déskes maximum fault levels for the
transmission system. For the 115 kV system, theémax 3 phase and single line to ground
(SLG) symmetrical fault levels are 50 kA.

The TSC requires that new equipment be designsdsiain the fault levels in the area where the
equipment is installed. If any future system ereament results in an increased fault level higher
than the equipment’s capability, the connectiorliagpt is required to replace the equipment at
their own expense with higher rated equipment depalfbsustaining the increased fault level, up to
the TSC’s maximum fault level of 50 kA for the 1% system.

3. The Transmission System Code (TSC), Appendix 2stiat the maximum rated interrupting time
for 115 kV breakers must be5 cycles. The connection applicant shall enseiethe new
breakers meet the required interrupting time asieé in the TSC.

4. The connection equipment must be designed solteatidverse effects of failure on the
IESO-controlled grid are mitigated. This includes@ring that all circuit breakers fail in the open
position.

5. The connection equipment must be designed sotthdt be fully operational in all reasonably
foreseeable ambient temperature conditions.

IESO Monitoring and Telemetry Data

In accordance with the telemetry requirements fgergeration facility (see Appendices 4.15 and 419
the Market Rules) the connection applicant mugalhequipment at this project with specific
performance standards to provide telemetry dathadESO. The data is to consist of certain eqeipm
status and operating quantities which will be idedt during the IESO Market Entry Process.

As part of the IESO Facility Registration/Markettgrprocess, the connection applicant must also
complete end to end testing of all necessary tdlgrpeints with the IESO to ensure that standards a
met and that sign conventions are understoodfoéiid anomalies must be corrected before IESO final
approval to connect any phase of the project istgth

Protection Systems

1. Protection systems must be designed to satisthaltequirements of the Transmission System
Code as specified in Schedules E, F and G of Agrdn(rersion B) and any additional
requirements identified by the transmitter. Newtection systems must be coordinated with
existing protection systems.

2. Protective relaying must be set to ensure thastnssion equipment remains in-service for
voltages between 94% of the minimum continuousl@%&¥ of the maximum continuous values
in the Market Rules, Appendix 4.1.
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The connection applicant is required to have adequate provision in thegesf protections and

controls at the facility to allow for installatiarf Special Protection Scheme (SPS). Should adutur

SPS be installed to improve the transfer capabilitye area or to accommodate transmission
reinforcement projectshe project will be required to participate in the SPS systerd to install
the necessary protection and control facilitieaffect the required actions.

Any modifications made to protection relays by ttesmitter after this SIA is finalized must be

submitted to the IESO as soon as possible or st $da(6) months before any modifications are| to

be implemented on the existing protection systelnthose modifications result in adverse
impacts, the connection applicant and the tranemitiust develop mitigation solutions.

Send documentation for protection modificationggered by new or modified primary equipment
(i.e. new or replacement relays)donnection.assessments@ieso.ca

Protection systems within the generation facilitystnonly trip the appropriate equipment requirgd

to isolate the fault. After the facility begins corarcial operation, if an improper trip of the 116

circuit C2H occurs due to events within the fagjlithe facility may be required to be disconnected

from the IESO-controlled grid until the problenrésolved.

The autoreclosure of the new 115 kV breakers atdmaection point must be blocked. Upon its
opening for a contingency, it must be closed oftigrahe IESO approval is granted. The IESO wi
require reduction of power generation prior to¢hmsure of the breaker followed by gradual incre
of power to avoid a power surge.

Miscellaneous

. The Connection Applicant is required to instaltreg facility a disturbance recording device with

clock synchronization that meets the technical ifipations provided by Hydro One. The device

ASe

will be used to monitor and record the respongbefacility to disturbances on the 115 kV system

in order to verify the dynamic response of genegaibhe quantities to be recorded, the sampling
rate and the trigger settings will be provided g transmitter.

Facility Registration/Market Entry Requirements

1.

Mathematical models and data, including any costittht would be operational, must be provideg
the IESO through the IESO Facility Registration/k#drEntry process at least seven months befg
energization to the IESO-controlled grid. That irds both PSS/E and DSA software compatible
mathematical models representing the new equipfoefiirther IESO, NPCC and NERC analytica
studies. Theonnection applicant may need to contact the software manufactureegitly, in order
to have the models included in their packages

1

The registration of the new facilities will needlte completed through the IESO’s Market Entry
process before IESO final approval for connectgranted and any part of the facility can be
placed in-service. If the data or assumptions se@por the registration of the facilities matelyal
differ from those that were used for the assessriggn some of the analysis might need to be
repeated.
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3. As part of the IESO Facility Registration/MarkettBrprocess, the connection applicant must
provide evidence to the IESO confirming that theipopent installed meets the Market Rules
requirements and matches or exceeds the perfornpaedieted in this assessment. Until this
evidence is provided and found acceptable to tl®©IEhe Facility Registration/Market Entry
process will not be considered complete and the@ction applicant must accept any restrictions the
IESO may impose upon this project’s participatiothe IESO administered market or connection to
the IESO-controlled grid. Failure to provide evidemmay result in disconnection from the IESO-
controlled grid.

4. During the commissioning period, a set of IESO #pgettests must be performed. The
commissioning report must be submitted to the IE&0in 30 days of the conclusion of
commissioning. Field test results should be veri@aising the PSS/E models used for this SIA.

Reliability Sandards

Prior to connecting to the IESO controlled grice firoposed facility must be compliant with the
applicable reliability standards set by the NortheXican Electric Reliability Corporation (NERC) ati
North East Power Coordinating Council (NPCC). ¢ bf applicable standards, based on the
proponent’s/connection applicant's market role/GEBnse can be found here:
http://www.ieso.ca/imowebl/ircp/reliabilityStandaralsp

In support of the NERC standard EOP-005, the prepoonnection applicant may meet the restoration
participant criteria. Please refer to section 8afket Manual 7.8 (Ontario Power System Restomnatio
Plan) to determine its applicability to the propb$zcility.

The IESO monitors and assesses market participamplcance with these standards as part of the IESO
Reliability Compliance Program. To find out molmat this program, visit the webpage referenced
above or write tarcp@ieso.ca

Also, to obtain a better understanding of the ajyblie reliability obligations and find out how togage
in the standards development process, we recomthahthe proponent/ connection applicant join the
IESO'’s Reliability Standards Standing Committee P or at least subscribe to their mailing list at
rssc@ieso.caThe RSSC webpage is locatedtdtp://www.ieso.ca/imoweb/consult/consult_rssc.asp

- End of Section —
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3. Review of Connection Proposal

3.1 Proposed Connection Arrangement

The proposed connection arrangement is shown imr&it).

Greenwater JCT (9 km) 115 kV CaH Hunta §5 (4.1 km)

new 0.5 km 1155V
tap line

27.6 kV splitter

oy
_--._ _--,_ = — —
L : — [ : = ', L= . .= ]
~ I=—Ar Eﬂ—% - D—% |\ u:u—%
—> N = = =
_“‘-_ _“"_ ) — . —
=~ - - — I j =1 |} 1= ) -1 = —]
= 1= “:D—% - u:n—% . u:u—%
—=7 N = = =
SMA SC500 =
0.5 MW A total of 20 PV inverters
200V

Figure 1: Proposed Connection Arrangement
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3.2 Existing System

The solar development is proposing to connectecethsting Hydro One 115 kV C2H circuit between Hu8S
and Greenwater JCT. The 115 kV power system arblumda consists of several existing thermal and
hydroelectric generating stations. Major load fties in the local system include Timmins TS antt&abridge
Kidd Creek Minesite. Under normal daytime operatingditions, the area is over generated with soxmess
generation being exported through the H6T & H7Euiis into Timmins and in turn, into the 500 kV ®ra
through circuits P13T, P15T and the 500/115 kV tatsformers at Porcupine. A diagram of the exgstin
system is shown in Figure 2.
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Figure 2: Existing Local Area Power System

3.2.1 Existing & New Generation

Existing generating stations in the local systeaude Abitibi Canyon 115 kV GS, TCPL Tunis CGS,
Northland Power Cochrane and Long Sault Rapida total, combined rated active power output of
approximately 250 MW. In addition to the existingngrating facilities, newly committed generatingilfaes
include the OPG Upper Mattagami Development (Sdralls GS, Wawaitin GS and Lower Sturgeon GS) as
well as Northland Power Solar Martin’'s Meadows/A&bHlEmpire, Northland Power Solar Long Lake and
Kapuskasing/lvanhoe GS, all with scheduled in-serdates prior to 2014. Details regarding existing newly
proposed facilities are outlined in Table 1.

Installed Max.

Generating Station Capacity (MW) | Unit Type Connection Point
Abitibi Canyon 115 kV GS 140 Hydro Abitibi CanyoisS
TCPL Tunis CGS 55 Thermal A5H
NP Cochrane 42 Thermal A5H/A4H
Long Sault Rapids 16 Hydro A4H
New: Sandy Falls GS (in-service 2010) 5.5 Hydro Embdd@eTimmins QZ
New: Wawaitin GS (in-service 2010) 15 Hydro Embeddedi@mins QZ
New: Lower Sturgeon GS (in-service 2010) 14 Hydro Endeed@ Laforest Road
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U

New: NP Solar Martin’'s Meadows, Abitibi and Solar A5H
L . 30
Empire (in-service 2012)
New: NP Solar Long Lake (in-service 2012) 10 Solar C2H
New: Kapuskasing/Ilvanhoe (in-service 2014) 24.55 Hydro T61S
New: The Chute, Ivanhoe River (in-service 2014) 3.6 tdyd | Embedded @ Weston Lake D
New: Wanatango Falls (in-service 2014) 4.67 Hydrg Endeeld@ Hoyle DS
New: Ramore Solar Park (in-service 2011) 8 Solar Embdd@ Ramore TS

Table 1: Committed and Existing Local Generation

Figure 3 below displays the total, combined MW otitpf the Abitibi Canyon 115 kV GS, TCPL Tunis CGS,
Northland Power Cochrane and Long Sault Rapidéitfasi The data plotted is from January 1, 200March

23, 2010, using hourly average samples obtained FESO real-time telemetered data. Telemeteredfdathe
new generating facilities as outlined in Table has available as none of the facilities are insser yet.
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Figure 3: Existing Local Area Generation Telemeterd MW Output

It can be observed that the maximum combined MVpgwiuaf the existing facilities listed in Table 1 is
approximately 240 MW. The minimum combined MW outpan fall as low as 40 MW. This occurs at
night during low demand conditions, when hydroeledtcilities in the North are out-of-service.

3.2.2 Existing Load Facilities

Figures 4-6 below display the MW demand of the migad facilities in the local area from Januar2@09 to
June 1, 2010 and plotted using hourly average ssswtitained from IESO real-time telemetered data.
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Timmins MW Load Demand

03/01/ 2009
04/01/ 2009 -
05/01/ 2009
06,/01/ 2009 -
O7/01/ 2008
0801/ 2009 -
09,01/ 2009
10/01/ 2009 -
11401/ 2009 -
12/01/ 2009 -
01/01/2010 -
02/01/2010
03/01/2010
04/01/ 2010
(50142010 -
06,01/ 2010 -

01/01/ 2009
02/01/ 2009 -

Figure 4: Telemetered Timmins MW Demand

The load behind the Timmins QZ bus varies from aimiim of approximately 30 MW in the summer months
to a maximum of approximately 70 MW in the winteomths.

Laforest Road MW Load Demand

01,01/ 2009

02/01/ 2009 -
03/01/2009
04012009 -
05,01/ 2008
06,01/ 2008 -
07/01/ 2008
08,01/ 2009 |
09,/01/ 2008
10401/ 2009 -
11/01/2009 -
12/01/2009 -
01/01/2010 -
02/01/2010 -
03/01/2010 -
04/01/ 2010 |

05,401/ 2010
06,01/ 2010

Figure 5: Telemetered Laforest Road MW Demand

When the Laforest Road facility is in-service,litad varies from a minimum of approximately 5 MW to
maximum of approximately 16 MW.
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50.

Kidd Creek Minesite MW Load Demand
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40.
35.
30.
25.
20.
15.

10.

01/01, 2009
02012009

0301/ 2009 -
04/01/ 2009 -
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06/01/ 2009 -
07/01/ 2009 -
08/01/ 2009

10401/ 2009 -
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12/01/ 2009
01/01/2010 -

09/01,/ 2009 -

02/01/2010 -
03/01/2010 -
04/01/2010 -
05/01/2010 -
06/01/2010 -

Figure 6: Telemetered Kidd Creek Minesite MW Demand

The load at the Kidd Creek Minesite facility is stant throughout the year and varies from approtéin@0

MW to 45 MW.

Table 2 summarizes local load demand values. Tvalges are used to determine the load levels used f

various study assumptions as per section 6 oféipiert.

Maximum Demand Minimum Demand Average Demand
Station (MW) (MW) (MW)
Timmins QZ 70 25 Varies Seasonally
Laforest Road 16 5 10
Kidd Creek Minesite 45 17 30

Table 2: Local Load Demand

3.2.3 Existing Transmission

The following are the thermal ratings for all atfet transmission equipment in the local area:

Continuous LTE STE
Section (15 Minute LTR)
Circuit From To Amps | MVA | Amps | MVA | Amps MVA
Hunta SS Hunta C2/3HJCT | 1090 | 222.8 1410 288.8 163( 333.8
Hunta C2/3H JCT| Greenw. PkJCT | 500 | 102.2 500 102.2 500 102.2
Hunta C2/3H JCT| Greenw. PkJCT | 500 | 102.2 500 102.2 500 102.2
Greenw. Pk JCT Island Falls JCT 500 102.2 500 102.2 500 102.2
C2H Greenw. Pk JCT Island Falls JCT 500 102.2 500 102.2 500 102.2
Island Falls JCT C2H C3H JCT 500 | 102.2 500 102.2 500 102.2
Island Falls JCT C2H C3H JCT 500 102.2 500 102.2 500 102.2
C2H C3H JCT A. Canyon SS 500 | 102.2 500 102.2 500 102.2
C2H C3H JCT A. Canyon SS 500 102.2 500 102.2 500 102.2
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Hunta SS Hunta C2/3HJCT | 1090 | 222.8| 1280 | 261.7 | 1420 290.3
Hunta C2/3H JCT | Greenw. Pk JCT 520 | 106.3| 520 106.3| 520 106.3
Hunta C2/3H JCT | Greenw. Pk JCT 520 | 106.3| 520 106.3| 520 106.3
Greenw. Pk JCT | Island Falls JCT 520 | 106.3 520 106.3 520 106.3
C3H Greenw. Pk JCT | Island Falls JCT 520 | 106.3 520 106.3 520 106.3
Island Falls JCT | C2H C3H JCT 520 | 106.3| 520 106.3| 520 106.3
Island Falls JCT | C2H C3H JCT 520 | 106.3| 520 106.3| 520 106.3
C2H C3H JCT A. Canyon SS 520 | 106.3| 520 106.3| 520 106.3
C2H C3H JCT A. Canyon SS 520 | 106.3| 520 106.3| 520 106.3
H7T Hunta SS Warkus JCT 500 | 102.2| 530 108.4 | 530 108.4
Warkus JCT Timmins TS 380 77.7 380 77.7 380 77.7
Hunta SS Tisdale JCT 500 | 102.2| 530 108.4| 530 108.4
H6T | Tisdale JCT Laforest Rd JCT 500 | 102.2| 530 108.4| 530 108.4
Laforest Rd JCT | Timmins TS 380 7.7 380 7. 380 7.7

The continuous ratings for the conductors wereutaled at the lowest of the sag temperature & 93

Table 3: Local Area Equipment Thermal Ratings

operating temperature, with a’8ambient temperature and 4 km/h wind speed.

The long term emergency ratings (LTE) for the candrs were calculated at the lowest of the sag
temperature or 12T operating temperature, with a’80ambient temperature and 4 km/h wind speed.

The short term emergency ratings (15 Minute LTR)tfie conductors were calculated at the sag
temperature, with a 3G ambient temperature, 4 km/h wind speed and 75%nmus preload.

Figures 7 and 8, display the MW flow on circuitsTH&nd H7T at Hunta and Timmins. These are hourly
average samples from Jan 1, 2009 to June 1, 2Gathebd from IESO real-time telemetered data. Rasiti

values mean flow out of the station.
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HE6T @ Hunta MW Flow
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Figure 7: MW Flow on H6T circuit

Maximum loading of the HET circuit is approximatdl0 MW out of Hunta and 80 MW into Timmins.
Comparing these flow values with the associatedriakratings shown in Table 3, shows that the under
existing system conditions, the continuous ratiofgsoth sections of the H6T circuit are near oremdtheir
continuous thermal planning ratings.
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130, H7T @ Hunta MW Flow
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Figure 8: MW Flow on H7T circuit

Maximum loading of the H7T circuit is approximatdly0 MW out of Hunta and 80 MW into Timmins.
Comparing these flow values with the associatedriakratings shown in Table 3, shows that undestizg
system conditions, the continuous ratings of betttisns of the H7T circuit are near or exceed their
continuous thermal planning ratings.

Figure 9 displays the voltage at Hunta. The dattted is from March 2009 to June 2010, using hoavigrage

samples obtained from IESO real-time telemeteré¢gl. dde graph indicates typical voltages of 125-R3(at
Hunta with an average voltage of approximately R27
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154, Hunta Voltage (kV)
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Figure 9: Telemetered Voltage at Hunta

- End of Section —
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4. Data Verification

4.1 Tap Line

Specifications of the 115 kV tap line provided bg tonnection applicant are listed below.
Voltage 115 kv
Length 0.5 km
R/X/B 0.0904/0.2263/0.0000016 Ohms (Mhos)

4.2 Generator
Specifications of the PV Inverter and the Investi®p up transformers are listed below.

SMA Sunny Central 500HE-US Photovoltaic Inverter

Voltage 200V
Rating 0.5 MW
Power Factor 0.95 leading — 0.95 lagging
Three Winding Pad Mount Transformers
HV1 - LVl HV1 - LV2 LV1-LV2
Transformation 27.6 kV — 200V 27.6 kV — 200V 200- 200V
X 6.17% 6.17% 3.1%
Base 1.1 MVA 1.1 MVA 1.1 MVA

4.3 Transformer

Specifications for the facility step up transformasrprovided by the connection applicant are liseldw.

Transformation 115/27.6 kV

Rating 9/12 MVA ONAN/ONAF

Impedance 0.0045 +j0.099 pu based on 9 MVA

Configuration 3 phase, high side: delta, low side: grounded wye
Tapping on-load tap changers at HV (114 kV to 186rk17 steps)

4.4 Circuit Breakers and Switches

Specifications of the isolation devices providedHy connection applicant are listed below.

Circuit Breakers | Disconnect Switcheg
Maximum continuous rated voltage (kVY) 132 132
Interrupting time (ms) 50 Not Applicable
Rated continuous current (A) 600 600
Rated short circuit breaking current (kA\) 45 Not Applicable
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The interrupting time of the 115 kV circuit breake50 ms, which satisfies the Transmission System
Code requirement af 5 cycles (83 ms).

The symmetrical rated short circuit breaking cur@rthe 115 kV breakers is 45 kA. This value ifohbe

the maximum 3 phase symmetrical fault level of BOelstablished by the Transmission System Code for
the 115 kV system. Fault studies shown in Sectiohthis report show that the 115 kV breaker reging

45 KA are sufficient to withstand fault levels lae tproposed facility. The applicant should be awlaag if
any future system enhancement results in an inedefasilt higher than the equipment’s capabilitg, th
applicant would be required to replace these brsakgts own expense with higher rated breakeit® up
the maximum fault level of 50 kA.

The 132 kV maximum continuous voltage rating m&&®0O connection equipment criteria in Northern
Ontario.

4.5 Collector System

The 27.6 kV, collector system equivalent circuipedance provided by the connection applicant iedis
as follows:

Feeder R/X/B (ohms/mhos)
Long Lake Site 2.073/0.5127/0.000145

— End of Section —
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5. Fault Level Assessment

Fault level studies were completed by Hydro Onexamine the effects of the proposed facility oritfau
levels at existing facilities in the area. Studiese performed to analyze the fault levels with auttiout
the new facility and other proposed projects indhigounding area. The short circuit study wasiedrmout
with the following facilities and system assumpson

Niagara, South West, West Zones
» All hydraulic generation
* 6 Nanticoke
» 2 Lambton
» Brighton Beach (J20B/J1B)
» Greenfield Energy Centre (Lambton SS)
e St. Clair Energy Centre (L25N & L27N)
» East Windsor Cogen (E8F & E9F) + existing Ford gatien
* TransAlta Sarnia (N6S/N7S)
* Imperial Oil (N6S/N7S)
e Thorold GS (Q10P)

Central, East Zones
» All hydraulic generation
* 6 Pickering units
e 4 Darlington units
* 4 Lennox units
 GTAA (44 kV buses at Bramalea TS and Woodbridge TS)
e Sithe Goreway GS (V41H/V42H)
e Portlands GS (Hearn SS)
* Kingston Cogen
» TransAlta Douglas (44 kV buses at Bramalea TS)

Northwest, Northeast Zones
* All hydraulic generation
* 1 Atikokan
e 2 Thunder Bay
* NP Iroquois Falls
e AP Iroquois Falls
» Kirkland Lake
* 1 West Coast (G2)
» Lake Superior Power
* Terrace Bay Pulp STG1 (embedded in Neenah paper)

Bruce Zone
e 8 Bruce units (Bruce G1 and Bruce G2 maximum cigp@ 835 MW)
* 4 Bruce B Standby Generators

All constructed wind farms including

» Erie Shores WGS (WTL1T)
* Kingsbridge WGS (embedded in Goderich TS)
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Amaranth WGS — Amaranth | (B4V) & Amaranth Il (B5V)
Ripley WGS (B22D/B23D)

Prince | & Il WGS (K24G)

Underwood (B4V/B5V)

Kruger Port Alma (C242)

Wolf Island (injecting into X4H)

New Generation Facilities:

Greenwich Wind Farm (M23L and M24L)

Gosfield Wind Project (K22)

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

Talbot Wind Farm (W45LC)

Greenfield South GS (R24C)

Halton Hills GS (T38B/T39B)

Oakville Generating Station (B15C/B16C)

York Energy Centre (B82V/B83V)

Island Falls (H9K)

Becker Cogeneration (M2W)

Wawatay G4 (M2W)

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

All renewable generation projects awarded FIT amiy

Transmission System Configuration

Existing system with the following upgrades:

Bruce x Orangeville 230 kV circuits up-rated

Burlington TS: Rebuild 115 kV switchyards

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

Hurontario SS in service with R19T+V41H open fro@1R+V42H (230 kV circuits V41H and
V42H extended and connected from Cardiff TS to Htado SS). Huronontario SS to Jim
Yarrow 2x3km 230 kV circuits in-service

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

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

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

LV shunt capacitor banks installed at Meadowvale

1250 MW HVDC line ON-HQ in service

Tilbury West DS second connection point for DESKagement using K2Z and K6Z

Second 500kV Bruce-Milton double-circuit line imgee. Double-circuit line from the Bruce
Complex to Milton TS with one circuit originatingoin Bruce A and the other from Bruce B
Windsor area transmission reinforcement:

230 kV transmission line from Sandwich JCT (C21282o Lauzon TS

New 230/27.6 DESN, Leamington TS, that will conné2tlJ and C22J and supply part of the
existing Kingsville TS load
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* Replace Keith 230/115 kV T11 and T12 transformers

e 115 kV circuits J3E and J4E upgrades

* Woodstock Area transmission reinforcement:
o Karn TS in service and connected to M31W & M32Whgersol TS
o W7W/W12W terminated at LaFarge CTS
0 Woodstock TS connected to Karn TS

* Nanticoke and Detweiler SVCs

» Series capacitors at Nobel SS in each of the 500idcvits X503 & X504E to provide 50%

compensation for the line reactance

* Lakehead TS SVC

* Porcupine TS & Kirkland Lake TS SVC

e Porcupine TS: Install 2x125 Mvar shunt capacitors

e EssaTS: Install 250 Mvar shunt capacitor

 Hanmer TS: Install 149 Mvar shunt capacitor

* Pinard TS: Install 2x30 Mvar LV shunt capacitors

* Upper Mattagami expansion

* Fort Frances TS: Install 22 Mvar moveable shupacaor

* Dryden TS: Install shunt capacitors

* Lower Mattagami Expansion — H22D line extensiomfridarmon to Kipling.

System Assumptions
* Lambton TS 230 kV operated open
» Claireville TS 230 kV operated open
* Leaside TS 230 kV operated open
* Leaside TS 115 kV operated open
* Middleport TS 230 kV bus operated open
* Hearn SS 115 kV bus operated open — as requirdx iRortlands SIA
* Napanee TS 230 kV operated open
* Cherrywood TS north & south 230kV buses operateshop
* Cooksville TS 230 kV bus operated open
* Richview TS 230 kV bus operated open
* All capacitors in service
* Alltie-lines in service and phase shifters on redutps
* Maximum voltages on the buses
» Contact parting time = 25 ms for 500 kV and 230bc€akers
» Contact parting time = 33 ms for 115 kV breakers
» Contact parting time = 25 ms for 500 kV and 230bd¢¢akers
» Contact parting time = 33 ms for 115 kV breakers
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The following table summarizes the symmetric andrasetrical fault levels near Hunta and the
corresponding breaker ratings.

Solar Farm O/S

Solar Farm I/S

Total Fault Current

Total Fault Current

Breaker Ratings

Sl Symmetrical (kA) Symmetrical (kA) Synzir(npta)trical
3-phase faultf L-G 3-phase faultf L-G
Hunta 9 5.8 9.4 5.9 40
Abitibi Canyon 115 kV 5.6 5.8 5.7 5.8 9.8
Ansonville 115 kV 8.4 8.9 8.6 9.0 40
Timmins K1 8.8 8.8 9.1 9.0 40
Timmins K2 + K3 8.8 8.9 9.3 9.2 40
Porcupine 115kV 10.5 13.3 11.0 13.8 40
NP Long Lake Station - - 8.0 4.9 45

Solar Farm O/S

Solar Farm I/S

Total Fault Current

Total Fault Current

Breaker Ratings

Sl Asymmetrical (kA) Asymmetrical (kA) AsyrFkrR()etrical
3-phase faultf L-G 3-phase faultf L-G
Hunta 9.4 6.0 9.8 6.2 48
Abitibi Canyon 115 kV 6.4 7.0 6.5 7.1 11.4
Ansonville 115 kV 9.5 104 9.6 10.5 40
Timmins K1 9.7 9.6 10.1 9.8 40
Timmins K2 + K3 9.7 9.7 10.3 10.1 40
Porcupine 115kV 12.4 16.6 13.0 17.2 47
NP Long Lake Station - - 8.3 5.2 45

The results show that the fault levels around thatbl power system are below the

Table 4: Short Circuit Study Results

symmetrical/asymmetrical breaker ratings and irseesdightly when all new generation is in service.

Therefore, it can be concluded that the increaséait levels due to the proposed projects witl no
exceed the interrupting capabilities of the exgstimeakers on the IESO-controlled grid.

The proposed breakers at the solar farm and tlstirexibreakers at local area buses are capable of
interrupting the expected short circuit levels loa EESO controlled grid. No short circuit issues ar

foreseen with the incorporation of the proposedeato

— End of Section —
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6. System Impact Studies

This connection assessment was carried out toifgené effect of the proposed facility on the timed
loading of transmission interfaces in the vicinitye system voltages for pre/post contingencies, th
ability of the facility to control voltages and ttransient performance of the system.

6.1  Assumptions and Background
Summer 2014 conditions were used for the studygaaith the following assumptions:

System Conditions

All transmission system elements were in service.

Stations in the area were set to operate at Oddower factors measured at the HV side of the
transformers.

The demand in the Northeast area was scaled to NI¥®0

Study Assumptions

The summer 2010 base case was used as a staintmdgodhe studies. To the summer 2010 originaesa
the following new projects were added and consitlereservice as part of the Flow South expansion:

» Lower Mattagami Generation Development connectdeiriard 230 kV
» All new committed generation as outlined in Secoa 1, Table 1

» Series Compensation of X503E and X504E circuits

* +300/-100 Mvar SVC at Porcupine 230 kV

* +200/-100 Mvar SVC at Kirkland Lake 115 kV

» Shunt Capacitor Banks at Pinard 27.6 kV lus §2.4 Mvar @ 27.6 kY

» Second Shunt Capacitor Bank at Hanmer 230 kV g Nivar @ 220 kY
» Second Shunt Capacitor Bank at Essa 230 kV busNvar @ 250 kY

» Shunt Capacitor Banks at Porcupine 230 kV Rus1(00 Mvar @ 250 kY
* Shunt Capacitor Bank at Kapuskasing 24.9 kV Rass(Mvar @ 28.8 kY

The following reactors were removed from servicaeétp maximize power transfers:
* Pinard Reactors R1 and R2
» Hanmer Reactors R6, R7, R8 and R9
» Essa Reactors R3 and R4

Existing Hanmer Reactors R1 and R2 were left iniserdue to the inability of switching these reastim
and out of service on-load.

Existing 5 Mvar capacitors SC3 and SC4 at Hearswv&f® assumed out of service to avoid pre-
contingency overvoltages at Hearst TS.

An over generated northern system scenario wagesttol maximize the Flow South transfer. The getimma

in the Northeast is maximized to obtain the follogvpower transfers pre-contingency. These aredke b
assumptions used for all studies.
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Transfer Used in Study Limit* (MW)
Interface Studies (MW)
East West Transfer East (EWTE) 325 355
Mississagi Flow East (MISSE) 600 715
Flow South (FS) 2060 2250**
Flow into Hanmer on P502X 1300 -

Table 5: Power Transfer Study Assumptions
* Study Limit = Operating Limit + 10%
** Preliminary limit derived assuming reactors RidaR2 at Hanmer out-of-service

The transfers through the FS interface and on 3006idcuit P502X reflect the expected expanded vafoe
these interfaces with the above system configuragsumptions.

In addition to the above pre-contingency limitg following limits were observed for post-continggn
analysis:

Interface Limit (MW) Contingency
Flow on A8K + A9K @ Ansonville 40 South / 50 North Loss of P502X
Flow through Spruce Falls T7 75 South/ 50 North d4.06D501P
Flow on HOK @ Hunta 80 Loss of D501P

Table 6: Applicable Post-Contingency Limits

Sudy Scenarios

The assessment was completed trying to incorpatbéxisting and committed local generation atrthei
maximum rated MW output. The following are the Mhtches of all local generation and major load
facilities:

Output

Generating Station (MW)
Abitibi Canyon 115 kV GS 140
TCPL Tunis CGS 55 -
NP Cochrane 42 Station Demand (MW)
Long Sault Rapids 16 Timmins QZ 45
Sandy Falls GS 5.5 Laforest Road 10
Wawaitin GS 15 Kidd Creek Minesite 30
Lower Sturgeon GS 14
NP Solar Martin’'s Meadows, 30
Abitibi and Empire
NP Solar Long Lake 10
Kapuskasing/lvanhoe 24.5
The Chute, Ivanhoe River 3.6
Wanatango Falls 4.67
Ramore Solar Park 8

Table 7: Local Area Generation and Load Dispatch
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To accommodate all new local generation while st#pecting system flow limits through the Flow Sou
interface and the P502X circuit (as outlined in[€&f), generation at the expanded Lower Mattagami
facility had to be dispatched down.

Due to system limitations, accommodating full gatien capacity from the Northeast region will net b
possible. To increase generation capacity, itdemenended that Hydro One explore the feasibility of
making reactors R1 and R2 at Hanmer capable ofjlmifiched in and out of service on-load. This wil
increase transfer capability through the P502Xuiirand the Flow South interface.

6.2  Protection Impact Assessment

A Protection Impact Assessment (PIA) was compléietlydro One to examine the impact of the new
generation facility on existing transmission sysfmotections. The existing protections for cirdDRH at
the solar farm were described in the PIA report thiedoroposed protection settings were analyzeedbas
on preliminary fault calculations. Finally, the pased protection solutions and recommendations were
presented.

The connection of the proposed facility will reguthe revision of zone 2 protections reach settags
Hunta SS and Abitibi Canyon SS as well as a nesetehmunication link(s) to transmit protection signa
amongst existing stations. A copy of the Proteclinpact Assessment summary can be found in
Appendix B of this report.

The IESO concluded that the proposed protectionsaglients have no material adverse impact on the
reliability of the IESO-controlled grid.

6.3 Reactive Power Compensation

Market Rules require that generators inject or eritlv reactive power continuously (i.e. dynamicadyn
connection point up to 33% of its rated active poateall levels of active power output except where
lesser continually available capability is perndttey the IESO.

The Market Rules accepts that a generating unit avppower factor range of 0.90 lagging and 0.95
leading at rated active power connected via a maiput transformer impedance not greater than 13%
based on generator rated apparent power providagtjuired range of dynamic power at the connection
point.

Typically, the impedance between the PV invertet i@ connection point is larger than 13%. However,
provided the PV inverter has the capability to jeva reactive power range of 0.90 lagging powetofa
and 0.95 leading power factor at rated active pptherlESO accepts the PV inverter to compensate fo
the full reactive power requirement range at thaneation point with switchable shunt admittanceg.(e
capacitors and reactors). Where the PV invertenbasapability to supply the full dynamic reactive
power range at its terminal, the shortfall hase@bmpensated with dynamic reactive power deviegs (
SVC, Statcom).

This section of the SIA indicates how the Solam-aan meet the Marker Rules requirements regarding
reactive power capability, but the connection ajapit is free to deploy any other solutions whicuhein
its compliance with the Market Rules.
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It is the connection applicant’s responsibilitystasure that the Solar Farm has the capability &t the
Market Rules requirement at the connection poidtlzmable to confirm this capability during the
commission tests.

6.3.1 Dynamic Reactive Power Compensation

The following table summarizes the IESO’s adeqietel of reactive power from each generator and the
available capability of SMA SC500HE-US PV invertat rated terminal voltage and rated power.

Rated | Rated Reactive Power Capability Total Facility | Power
Voltage| Active Output Factor
Power
- 8 _ 20x0.242 =
ESO Qnmax= 0.5 x tan [c0$ (0.9)] = 0.242 Mvar| 484 mvar | 0-91ag
Requirementg 200V 0.5 MW 20 x 0.16
7 - , _ x 0.164 =
Qmin = 0.5 x tan [c0$ (0.95)] = 0.164 Mva 308 Mvar | 0-95 lead
20 x 0.164 =
SC500HE-US| Qmax= 0.164 Mvar +3.28 Mvar | 9-95 lag
(Existing 200V | 0.5 MW
Capabilit o 20 x 0.164 =
pability) Qmin = 0.164 Mvar 328 Mvar | 0-95 leag
20x0.242 =
SC500HE-US| Qmax= 0.242 Mvar +4.84 Mvar | 90-90 lag
(Future 200V | 0.5 MW 0 0002
Capabilit o x 0.242 =
pability) Quin = 0.242 Mvar 0% 924221 0,90 lead

Table 8: Inverter Dynamic Reactive Power Requiremets & Capability

The existing model of the SC500HE-US inverter hdgreamic reactive power capability of 0.95 lead —
0.95 lag. Future implementations of the SC500HEHW@rter will have a dynamic reactive power
capability of 0.9 lead — 0.9 lag. SMA has indicatieat this enhanced model will become availabléhay
end of 2010.

With existing SMA models of the SC500HE-US invergedynamic reactive power device
(SVC/statcom) with a capability efLl.6 Mvar has to be installed at the facility to compensateéhe
dynamic reactive power deficiency of the facilitihe location of this device can be at the facility
collector buses.

Should future enhancements of the SC500HE-US iarvprovide an increased dynamic reactive power
range of 0.9 leading — 0.9 lagging (as indicate@&MA), the applicant must communicate the inverter
reactive power capability changes to the IESO lmnafor reassessment of reactive power requirements

6.3.2 Static Reactive Power Compensation

In addition to the dynamic reactive power requiratridentified above, the Solar Farm has to compensa
for the reactive power losses within the facilibyeinsure that it has the capability to inject ahdiaw
reactive power up to 33% of its rated active poatdhe connection point. As mentioned above, tI®0E
accepts this compensation to be made with switehstiint admittances.
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Load flow studies were performed to calculate thedhfor static reactive compensation, based on the
equivalent parameters for the Solar Farm providethe connection applicant.

The reactive power capability in lagging p.f. of theneration facility was assessed under the failpw
assumptions:

» typical voltage of 127 kV at the connection point;

« maximum active power output from the equivalena&élarm;

e maximum reactive power output (lagging power factmom the required dynamic reactive
compensation device;

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

The reactive power capability in leading p.f. of tpeneration facility was assessed under the follpw
assumptions:

» typical voltage of 127 kV at the connection point;

e minimum (zero) active power output from the equevalSolar Farm;

« maximum reactive power consumption (leading powetdr) from the required dynamic reactive
compensation device;

» 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 theejent electrical model for the Solar Farm and
collector feeders as provided by the connectiotieg. It is very important that the Solar Farnsha
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 example.,is
expected that the transformation ratio of the W1&p sip transformers will be set in such a way ithat
will offset the voltage profile along the collectand all the WTG would be able to contribute t® th
reactive power production of the WF in a sharedwamo

Based on the equivalent parameters for the SFaadded by the connection applicant, a lagging rigact
power deficiency ofess than 0.5 Mvarexists for the total facility. Due to the relatiyemall size of the
deficiency, the required static compensation caadzied to the size of the SVC to provide a totaidf
Mvar of dynamic reactive compensation for the enticglifg.

The connection applicant has the obligation to enthat the SF design and the reactive power
compensation system takes into account the rectriel® parameters and real limitations within 8fe
facility.

6.4  Solar Farm Management System

For any generating facility connecting to the IE&@rolled grid, the IESO requires that the fagitissists in
maintaining voltages in the high voltage systeris #xpected that the solar farm controls the geltat a
point as close as possible to the connection poinalues specified by the IESO. This requires sioddr
farms possess the ability to supply/absorb sufftotnamic reactive power to the high voltage systeiring
voltage declines/rises.
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The generation facility shall regulate automaticathltage at a point whose impedance (based od rate
apparent power and rated voltage) is not more 1886 from the highest voltage terminal based within
+0.5% of any set point within 5% of rated voltagéthe AVR target voltage is a function of reaeti
output, the slopaV /AQmax shall be adjustable to 0.5%.

The Solar Farm Management System (SFMS) must auatedihe voltage control process. The
proponent has selected the following process:

(1) All PV inverters control the PCC voltage to a refeze value. A control slope is applied for
reactive power sharing among the PV inverters dsasevith adjacent generators.

(2) SF main transformer ULTC is adjusted to regulageabilector bus voltage (LV bus voltage) such
that it is within normal range;

The proponent must submit a description of thetionalities of the SFMS, including the coordination
between the transformer ULTC and PV inverter reagiiower production to control the voltage at a
desired point. If the SFMS is unavailable, the IE®8Quires that each PV inverter control its own
terminal voltage.

To provide performance benchmarking for the typeasfresponse times expected from a solar facility
operating in voltage control mode, studies werdgpered to simulate the var response time to a ahamg
reference voltage of the AVR in a typical hydrogéliedfacility. The facility collector system was mhelled
as per the SIA application, the PV inverters weggdaced with minimum IESO acceptable default
parameters of a salient pole machine, excitatistesy and power system stabilizer. At time t=0, the
reference voltage of the machine bus terminalscasged from 1.00 to 1.05 pu, the var responseeof t
entire facility was monitored at the connectionmpobtudy results are shown on Figure 10.
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Figure 10: VAR Response Time of Minimum Acceptablélydroelectric Facility
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The generator responds to an increase in referaitage by increasing its reactive power outputriger
to achieve the new desired set point in generatanihal voltage. The response time is shown to be
approximately 0.55 sec from the time the referemdtage is changed.

The response time of inverter var output to chamg@d/R reference voltages must be minimal and
similar to conventional generator technologies.ations using minimum acceptable default pararseter
of a hydroelectric facility in place of the PV imters yielded a var response time of approximaedp
sec. The connection applicant is required to hamédeas or better var response time performance.

6.5 Thermal Analysis

The thermal assessment examined the effects girtipmsed facility on the thermal loadings of thentdy
Timmins and Porcupine 115 kV transmission system.

TheOntario Resource and Transmission Assessment Criteria requires that all line and equipment loading
to be within their continuous ratings with all elemts in service, and within their long-term ememyen
ratings with any element out of service. Lines agdipment may be loaded up to their short-term
emergency ratings immediately following the congingies to effect re-dispatch, perform switching, or
implement control actions to reduce the loadinthiolong-term emergency ratings.

The following are the pre-contingency flows for tregious 115 kV circuits in the local area, befarel
after the solar development is incorporated intodystem:

Continuous | NP Long Lake | NP Long Lake
Rating Out of Service | In-Service
Section

CCT From To Amps | MVA | Amps % Amps %
Hunta SS Hunta C2/3H JCT| 1090 222.9 304 27 304 27
HuntaC2/3HJCT | Greenw. PKCT 500 102.2 129 25 129 25
HuntaC2/3HJCT | Greenw. PKCT 500 102.2 130 26 130 26
Greenw. PKCT | Island Falls JCT 500 102.2 130 26 130 2
C2H Greenw. PKCT | Island Falls JCT 500 102.2 129 25 129 2
Island Falls JCT| C2H C3H JCT 500 1022 13( 26 130 6 2
Island Falls JCT| C2H C3H JCT 500 1022 131 26 131 6 2
C2H C3H JCT A. Canyon SS 500 102)2 132 26 132 2
C2H C3H JCT A. Canyon SS 500 102)2 132 26 132 2

Hunta SS HuntaC2/3HJCT 1090 222.9 263 24 263 24

HuntaC2/3HJCT | Greenw. PKICT 520 106.3 131 25 131 25

HuntaC2/3HJCT | Greenw. PKICT 520 106.3 131 25 131 25

Greenw. PKCT | Island Falls JCT| 520 106.3 132 25 132 25

C3H Greenw. PKICT | Island Falls JCT 520 106.3 132 25 132 25

Island Falls JCT| C2H C3H JCT 520 106.3 133 25 133 25

Island Falls JCT| C2H C3H JCT 520 106.3 133 25 133 25

C2H C3H JCT | A. Canyon SS 520 106.3 133 25 133 25

C2H C3H JCT | A. Canyon SS 520 106.3 133 25 133 25

H7T Hunta SS Warkus JCT 500 102.2 457 91 486 97
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Warkus JCT Timmins TS 380 7.7 336 88 364 95
Hunta SS Tisdale JCT 500 102.2 412 82 441 88
H6T | Tisdale JCT Laforest Rd JCT| 500 102.2 407 81 436 87
Laforest Rd JCT| Timmins TS 380 7.7 428 112 457 120

Table 9: Pre-Contingency Thermal Results

The study results show congestion exists with sestof the H6T and H7T circuits. These congestion
issues exist during day time conditions, whenadhl area generation is in-service causing highgpow
transfers through the 115 kV system. The connedidhe Northland Power Martin’s Meadows,
Abitibi and Empire development increases the flowshe H6T and H7T circuits and thus increases
congestion. Accommodating full generation outpatfrall local generation will not be possible.

Congestion on the H6T circuit was identified withlacal area generation in-service and operatiearn
their maximum installed capacity. The incorporatidrthe proposed project will increase congestiois.
required that Hydro One upgrade 115 kV circuit H®Im Laforest Road JCT to Timmins TS and 115 kV
circuit H7T from Warkus JCT to Timmins TS as sosrpaactical to help alleviate congestion. Connecti
to the grid of the proposed facility is not depemtdan the implementation of this requirement.

o

To alleviate congestion, Northeast generation weadispatched so that pre-contingency power flows
on the H6T and H7T circuits were below their contins ratings. In particular, Lower Sturgeon GS
was placed out of service while generation at Abiflanyon 115 kV GS and NP Cochrane was
reduced. The following outlines the local generatiespatch used in this non-congested case:

Generating Station Output (MW)
Abitibi Canyon 115 kV GS 120
TCPL Tunis CGS 55
NP Cochrane 38
Long Sault Rapids 16
Sandy Falls GS 5.5
Wawaitin GS 15
Lower Sturgeon GS Out of service

NP Solar Martin’'s Meadows,

Abitibi and Empire 30

NP Solar Long Lake 10
Kapuskasing/lvanhoe 24.55
The Chute, Ivanhoe River 3.6
Wanatango Falls 4.67
Ramore Solar Park 8

Table 10: Local Area Generation Dispatch Used for &st-Contingency Thermal Studies

Using this non-congested case, contingency stuegkes performed to identify potential post-continggn
thermal violations. The following summarizes the-pontingency and post-contingency flows for thé 11
kV circuits in the local system. The pre-contingeflow on each circuit is expressed in amperes and
percentage of continuous rating. The post-contiogémadings of the monitored circuits include loagli

in amperes, and percentage of loading of the LTESAFE.
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é:a‘;[‘rfg LTE | STE Congrr]‘;'ency Loss of C3H Loss of H6TY Loss of H71? Loss of P91&Y
Section
cCT From To Amps | Amps | Amps | Amps Co/oont Amps L;)E S(,-/EE Amps L;)E S(,-/EE Amps L;,;)E s;,-/I;E Amps L;,;)E s;,-/I;E
Hunta SS funa C2/3H 1000 | 1410 | 1630| 261| 23| 481 34 2 266 18 16 137 9 371 9 | s
Hunta C2/3H JCT| Greenw. PkJCT 500 500 500 108 b1 18 2| 43 | 43 | 109 | 21| 21 46 9 9 46 9 g
Hunta C2/3H JCT| Greenw. PkJCT 500 500 500 108 b1 18 2| 43 | 43 | 109 | 21| 21 46 9 9 46 9 g
Greenw. Pk JCT | Island Falls JCT 500 50p 500 108 b1 219 | 43 | 43 | 109 | 21| 21 43 8 8 43 d
C2H | Greenw. Pk JCT | Island Falls JCT 500 s0p 500 108 b1 218 | 43 | 43 | 109 | 21| 21 46 9 9 46 g ¢
Island Falls JCT | C2H C3H JCT 500 s0f 50 108 41 21943 | 43 | 109 | 21| 21 43 8 8 43 8| 8
Island Falls JCT | C2H C3H JCT 500 s0f 50 100 41 22044 | a4 | 109 | 21| 21 42 8 8 42 8| 8
C2H C3H JCT A. Canyon SS 500 500 50 100 1 220 ha 44 | 100 | 21 | 21 42 8 8 42 8| 8
C2H C3H JCT A. Canyon SS 500 500 50 100 1 220 ha 44 | 100 | 21 | 21 42 8 8 42 8| 8
Hunta SS JHg?a C2E 1090 | 1280 | 1420 | 219 | 20 - - - 23 | 17 | 15 97 7 6 97 7 | e
Hunta C2/3H JCT | Greenw. Pk JCT| 520 | 520 | 520 | 109 | 21 - - - 11 | 21 | 21 | 47 9 9 47 9 | o
Hunta C2/3H JCT | Greenw. Pk JCT| 520 | 520 | 520 | 109 | 21 - - - 11 | 21 | 21 | 47 9 9 47 9 | o
Greenw. Pk JCT Island Falls JCT 520 520 520 110 21 - - - 110 21 21 43 8 8 43 8 8
C3H | Greenw. Pk JCT | Island Falls JCT | 520 520 520 110 21 = = = 110 21 21 43 8 8 43 8 8
Island Falls JCT | C2HC3HJCT | 520 | 520 | 520 | 110 | 21 - - - 110 | 21 | 21 | 43 8 8 43 8 | s
Island Falls JCT | C2HC3HJCT | 520 | 520 | 520 | 110 | 21 - - - 110 | 21 | 21 | 43 8 8 43 8 | s
C2HC3HJICT | A Canyon SS 520 | 520 | 520 | 111 | 21 - - - 111 | 21 | 21 | 43 8 8 43 8 | 8
C2HC3HJICT | A Canyon SS 520 | 520 | 520 | 111 | 21 - - - 111 | 21 | 21 | 43 8 8 43 8 | 8
\or | Huntass Warkus JCT 500 | 530 | 530 | 461 | 92 | 463 | 87 | 87 | 4es | 87 | 87 - - - a12 | 77 | 77
Warkus JCT Timmins TS 380 | 380 | 380 | 338 | 89 | 341 | 89 | 89 | 351 | 92 | 92 - - - 298 | 78 | 78
T R R 500 | 530 | 530 | 424 | 84 | 427 | 80 | 8o ; - - %63 | 68 | 68 | 377 | 71 | 71
H6T | Tisdale JCT Laforest RAJCT | 500 | 530 | 530 | 420 | 84 | 422 | 79 | 79 - - - 357 | 67 | 67 | 371 | 70 | 70
Laforest RAJCT | Timmins TS 380 | 380 | 380 | 382 | 100 | 383 | 100 | 100 | - - - 324 | 85 | 8 | 338 | 89 | 89

Notes:

Table 11a: Post-Contingency Thermal Results

(1) G/R is required to obey the 15 minute LTR offHUnits rejected = NP Cochrane, TCPL Tunis, LoaglBRapids, NP MM/Empire/Abitibi
(2) G/R is required to obey the 15 minute LTR offH&nits rejected = NP Cochrane, TCPL Tunis, AbiG@anyon G2, NP MM/Empire/Abitibi
(3) G/R is required to obey the 15 minute LTR offHBd H7T. Units rejected = NP Cochrane, TCPL TuNR MM/Empire/Abitibi, Abitibi Canyon G2, NP Iroquis Falls G1
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LTE STE cOnit:i’:\Z_ency Loss ofrg\(q)sonwlle Loss ofr,;(g)sonwlle P91G H1L91 1BO® | P91G HiL91 1BO?
Section

cCT From To Amps | Amps | Amps C(;Ont Amps L;JE S(,-/I;E Amps L;JE S(,-/ZE Amps L;JE S(,-/ZE Amps L;,;)E S(,-/ZE
Hunta SS Hunta C2/3H 1410 | 1630 | 261 | 23| 261| 18] 16| 261 1 16 2601 18 16 26118 | 16

Hunta C2/3H JCT | Greenw. PkJCT 50 500 108 41 108 1 P 21 | 108 | 21| 21| 108| 21| 21 108 21 2

Hunta C2/3H JCT | Greenw. PkJCT 50 500 108 41 108 1 P 21 | 108 | 21| 21| 108| 21| 21 108 21 2

Greenw. Pk JCT | Island Falls JCT 504 500 108 41 10821 | 21 | 108 | 21| 21| 108 21| 21 108 28 2t

C2H | Greenw. PkJCT | Island Falls ICT 504 500 108 41 10821 | 21 | 108 | 21| 21| 108 21| 21 108 28 2t

Island Falls JCT | C2H C3H JCT 5000 500 108 2@ 18 2121 | 108 | 21 | 21| 108| 21| 21 108] 21 21

Island Falls JCT | C2H C3H JCT 5000 500 100 2@ 1de 2121 | 109 | 21 | 21| 109| 21| 21 100 21 21

C2H C3H JCT A. Canyon SS 500,  s0d 100  2p  1de 42 b2 09 1| 22 | 22 | 109 | 22| 22 109| 24 2
C2H C3H JCT A. Canyon SS 500,  s0d 109  2p  1de 42 b2 09 1| 22 | 22 | 100 | 22| 22 109| 24 2
Hunta SS funa CZEH 1280 | 1420 | 219 | 20 | 219 | 17 | 15 | 219 | 17 | 15 | 219 | 17 | 15 219 | 17 | 15
Hunta C2/3H JCT | Greenw. PkJCT| 520 | 520 | 109 | 21 | 1209 | 21 | 21 | 1209 | 21 | 21 | 109 | 21 | 21 100 | 21 | 21
Hunta C2/3H JCT | Greenw. PkJCT| 520 | 520 | 109 | 21 | 1209 | 21 | 21 | 109 | 21 | 21 | 109 | 21 | 21 100 | 21 | 21
Greenw. Pk JCT | Island Falls JCT | 520 | 520 | 110 | 21 | 110 | 21 | 21 | 110 | 21 | 21 | 110 | 21 | 21 110 | 21 | 21
C3H [ Greenw. Pk JCT | Island Falls JCT | 520 | 520 | 110 | 21 | 110 | 21 | 21 | 110 | 21 | 21 | 110 | 21 | 21 110 | 21 | 21
Island Falls JCT | C2HC3HJCT | 520 | 520 | 110 | 21 | 110 | 21 | 21 | 110 | 21 | 21 | 110 | 21 | 21 110 | 21 | 21
Island Falls JCT | C2HC3HJCT | 520 | 520 | 110 | 21 | 110 | 21 | 21 | 110 | 21 | 21 | 110 | 21 | 21 110 | 21 | 21
C2HC3HJICT | A CanyonSS | 520 | 520 | 111 | 21 | 111 | 21 | 21 | 111 | 21 | 21 | 111 | 21 | 21 11 | 21 | 21
C2HC3HJICT | A CanyonSS | 520 | 520 | 111 | 21 | 111 | 21 | 21 | 111 | 21 | 21 | 111 | 21 | 21 11 | 21 | 21
Lor | Huntass Warkus JCT 530 | 530 | 461 | 92 | 593 | 112 | 112 | 429 | 81 | 81 | 579 | 109 | 109 | 415 | 78 | 78
Warkus JCT Timmins TS 380 | 380 | 338 | 89 | 468 | 123 | 123 | 311 | 81 | 81 | 454 | 119 | 119 | 297 | 78 | 78
T B 530 | 530 | 424 | 84 | 556 | 104 | 104 | 3938 | 74 | 74 | 542 | 102 | 102 | 379 | 71 | 71
H6T | Tisdale JCT Laforest RAJCT | 530 | 530 | 420 | 84 | 552 | 104 | 104 | 388 | 73 | 73 | 538 | 101 | 101 | 374 | 70 | 70
L aforest RAJCT | Timmins TS 380 | 380 | 382 | 100 | 514 | 135 | 135 | 353 | 93 | 93 | 500 | 131 | 131 | 339 | 89 | 89
Table 11b: Post-Contingency Thermal Results
Notes:

(4) No G/R simulated.

(5) G/R is required to obey the 15 minute LTR offHhd H7T. Units rejected = NP Cochrane, TCPL TudR MM/Empire/Abitibi
(6) GIR is required to obey the 15 minute LTR offHBd H7T. Units rejected = NP Iroquois Falls G2, G3 (as per existing SPS capability)
(7) GIR is required to obey the 15 minute LTR offH8d H7T. Units rejected = NP Iroquois Falls G2, G3, NP Cochrane, TCPL Tunis, NP MM/Empire/Akitib
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The study results show that for the loss of theohngle T2 autotransformer and the inadvertent keea
operation (IBO) of the 115 kV H1L91 circuit breaksdrAnsonville, sufficient generation rejection
resources do not exist to mitigate post contingeheymal overloads. Rejecting or the loss by
configuration of the existing Northland Power IroigiFalls generation facility will not be enough to
mitigate the overloads on the H6T and H7T circfatshese contingencies. As such, it is required th
Hydro One modify the existing 115 kV Northeast I&R5/R scheme, to have various 115 kV generation
facilities as selectable options for the loss ofémville T2 and H1L91 IBO inputs.

Post-contingency power flows through the H6T and ldifcuits will violate their respective limitedie
ratings for the loss of Ansonville T2 and H1L91 IBOGntingencies. The incorporation of the proposed
project will increase these these overloading issHgdro One is required to modify the existing X156
Northeast L/R & G/R scheme to allow G/R of varidd$ kV generation facilities for the selection loé t
Ansonville T2 and H1L91 IBO contingencies. Unitestable for G/R should include Tunis, Cochrane
Long Sault Rapids and the entire NP Solar Martiwésadows, Abitibi and Empire facility.

Due to its relatively small size in comparison watther existing generation facilities in the ared,as a
result, its ineffectiveness when participating @mngration rejection, the NP Long Lake facility & n
required to participate in the Northeast L/R & Gheme at this time.

6.6 Voltage Analysis

The assessment of the voltage performance in tia®bst system was done in accordance with the
IESO’sOntario Resource and Transmission Assessment Criteria. The criteria states that with all facilities
in service pre-contingency, 115 kV system voltagelides/rises following a contingency shall be tadi
to 10% both before and after transformer tap chaagigon.

The voltage study was completed with the flow leyaksumptions and generation dispatch listed in
section 6.1. The constant MVA model was used i lpoé-contingency state and in post-contingency
post-ULTC state. The voltage dependant load modslwged in post-contingency pre-ULTC state.

The study results summarized in Table 12 show tage performance concerns with local area 115 kV
contingencies.

For contingencies to the 500 kV P502X circuit, $hedy results show overvoltage and voltage stgbilit
issues in the immediate post-contingency statesd fssues are the result of excess vars in the post
contingency system due to capacitor banks thde#tfreonnected at Hanmer and Porcupine. A solution
this problem would be the automatic switching gfawitor banks at Porcupine and Hanmer to help
mitigate overvoltage issues. This solution is cstesit with conclusions and requirements made in the
Lower Mattagami Generation Expansion system impasessment (CAA ID 2006-239). Other possible
solutions would include increasing the reactiveoabisg capability of the Porcupine SVC.
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Monitored Busses Pre-Cont Lossof NP Long Lake Loss of C2H Loss of P13T Loss of P15T

Base| Voltage Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
Bus Name

kv) | V) kv [ % | kv [ % [ kv [ % | kv | % | kv [ % | kv | % | kv | % | kv | %
Porcupine TS 118 126.4 126.6 02 126.6 2 1264 0126.4 0 127.3 0.7 1274 0.8 127.6 1 12).6 il
Timmins K1 118 125.7 125.9 0.2 125/9 0f2 12b6 -p.225.6| -0.2| 126.1 0.8 1267 0.9 1264 06 126.4 ).6
Timmins K2/K3 118 125.9 126.2 2 126|2 02 12b.9 0125.9 0 126.3 0.3| 1268 0.3 1291 -0)6 1249 -p.8
Hunta SS 118 127.7 127.9 ol 1279 Q.1 1p7 0.6 127-0.6 | 127.7 0 127.4 0 1277 0 127.7 @
Canyon SS 118 129.2 129.2 d 129.2 0 1285 40.4 5128.-0.4 | 129.1] -0.1| 1291 -0.1 1291 -0j1 1291 -0.1
Ansonville SS 118 123.6 123.7 of 1237 Q1 1234€.24 1234| -02| 1226 -0 122/6 -08 1228 -Q.6 .822-0.6
NP Long Lake 118 127.8 - - - - - - - - 127.8 0 127.9 0 127.8 0 1278 (0

Monitored Busses Pre-Cont Loss of P502xY Loss of P502X®

Base| Voltage Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC
Bus Name

kv) | &) kv | % KV % KV % KV %
Pinard TS 500 526.5 - - - - - - - -
Porcupine TS 500 5259 562.1 | 6.9 | Diverged | N/A 528.7 0.5 529.2 0.6
Hanmer TS 500 537.7| 558.3 | 3.8 Diverged N/A 548.4 2 550.7 2.4
Pinard TS 220 238 - - - - - - - -
Porcupine TS 220 242.9| 259.2 | 6.7 Diverged N/A 242.9 0 242.9 0
Hanmer TS 220 243.2| 250.3 | 2.9 Diverged N/A 243.9 0.3 245.4 0.4
Ansonville SS 220 239.2 | 258.1 | 7.9 | Diverged| N/A 244.7 2.3 244.8 2.3
Porcupine TS 118 126.4] 137 8.4 Diverged N/A 1295 25 129.8 2.7
Timmins K1 118 125.7 | 136.4 | 85 Diverged N/A 129.1 2.7 129.3 2.8
Timmins K2/K3 118 1259 | 136.6 | 85 | Diverged| N/A 129.3 2.7 129.7 3
Hunta SS 118 127.7| 133.8 | 4.8 | Diverged | N/A 129.2 11 129.5 1.4
Canyon SS 118 129.1| 1343 | 4 Diverged | N/A 130.1 0.8 130.5 1.1
Ansonville SS 118 123.6 130.3 5.4  Diverged NIA 126 1.9 126.2 2.1
NP Long Lake 118 127.8| 1339 | 4.7 Diverged N/A 129.2 1.1 129.6 1.4

Table 12: Voltage Study Results
Notes:
(1) Post-Contingency Flow on A9K + A8K =16 MW Shut (2) Post-Contingency Flow on A9K + A8K = 35 MW Sbut
Cross tripping of circuits D501P, L21S and&3 Cross tripping of circuits D501P, L21S andi’3
Total G/R = 1460 MW Total G/R = 1460 MW

Automatic Capacitor Switching = 2 x Porc. x Hanmer
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Post-contingency voltage stability and overvoltageies exist with the loss of the 500 kV P502Xuitrc
without the rejection of new and existing capacitanks at Hanmer TS and Porcupine TS. Automatic
switching of these capacitors, as well as newl{alted capacitors at Pinard TS will need to be
implemented to mitigate overvoltage concerns inNbetheast system. This switching can be
implemented using a voltage based switching schmmnibe condition that voltage thresholds are slyita
chosen and time delays are minimal. Should Hydre @munable to meet these conditions, the autom
switching of these capacitors will need to be adaedesponses to various contingencies to therexist
Moose River G/R and/or Northeast 115 kV L/R & GHReames.

atic

No other voltage concerns were identified withiti@mrporation of the proposed project.

6.7  Transient Analysis

Transient stability analyses were performed comgigdaults in the Northeast system with the Nattd
Power Long Lake facility in-service. Various thygigase and LLG faults were considered under theyst
conditions outlined in Section 6.1.

ud

Fault Clearing | G/R Scheme (ms) Circuit Cross Tripping (ms)
ID Contingency | Location Fault ifieN sy
gency MVA Moose | NE 115 | L21S/K38S D501P
Local | Remote )
River kV
TC1 X503E Hanmer 3 Phase 64 91 - - - -
TC2| P502%) | Hanmer| 3Phase 66| 91| 180  23¢ 180 | O s
520 —
TC3 H7T Hunta 2150 83 111 - 230 - -
520 —
TC4 H6T Hunta 2150 83 111 - 230 - -
. . 460 — )
TC5 P13T Timmins 3300 83 34% - - - -
- 460 — )
TC6 P15T Timmins 3300 83 34% - - - -
. 420 — )
TC7 P13T Porcupine| 7>, 83 349 - - - -
. 420 — )
TC8 P15T Porcupine| 75, 83 34% - - - -
260 -
TC9 C3H Canyon 2100 116 111 - - - -
Table 13: Transient Simulation Information
Notes:

(1) Capacitors at Porcupine 230 kV and Hanmer 2B@é&re tripped 1 second after the fault

(2) Long remote end fault clearing time is dueh® tise of Remote Trip communication signals orPth&T and P15T circuits
instead of normally used Transfer Trip communicag@nals. The use of single channel remote tgpas through DC metallic
leased wires results in a communication delay 6f 28

Transient simulations for the P13T @ Porcupineiogency resulted in the transient instability of th
Lower Sturgeon generators. Due to the small sizhasfe embedded units and the fact their instabilit
does not propagate to the rest of the systemddas not pose any reliability concerns to the IESO
controlled grid. Plots of all local generator arsgtieiring this fault are shown in Figure 11. Lower
Sturgeon units are tripped when their rotor angdash approximately 360 degrees to simulate their
generator out-of-step protections. All other unitishain stable and show well-damped angle osciliatio
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Figure 11: Local Area Generator Angles for P13T @ 8rcupine L-L-G Fault

Appendix A shows the plots of all other simulatethsient contingencies, which show no transient
performance issues. It can be concluded from thdteethat, with Northland Power Long Lake in-seeyi
none of the simulated contingencies result in teargperformance concerns.

L-L-G faults at Porcupine on the P13T circuit résultransient instability of the Lower Sturgeon
embedded generators, but do not pose any reliabdiicerns to the IESO controlled grid. The
incorporation of the proposed facility will contuite to this existing issue. It is recommended khatro
One upgrade teleprotections for the P13T and Pi6Uits to reduce remote end fault clearing tinms f
faults on these circuits.

All other transient contingencies show stable aetl damped oscillations with the incorporation loé t
proposed project.

6.8 Relay Margin

It is necessary that sufficient margin is maintdibetween the impedance characteristics of thggelathe
terminals of un-faulted circuits and the apparemgedance trajectories during external faults. Threquired
to ensure that protective relaying does not inadwdly trip for any external faults.
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The IESO requires that the relay margin followiaglf clearance for 115 kV circuits to be a minimofii5
percent on all instantaneous relays and zero peoceall timed relays having time delays less tbaaqual
to 0.4 seconds. For relays with time delay settgrgater than 0.4 seconds, the apparent impedexeetory
may enter the tripping characteristic after falébcance for a period of time no greater that calédf the
relay time delay setting.

The following are the time delay settings of alags used in the analysis:

Circuit Terminal Protection LA [DEED
(seconds)
Zonel=0
Dymond A2l Zone 2= 0.4
. Zonel=0
D3K Kirkland Lake A21 Zone 2 = 0.65
. Zonel=0
Kirkland Lake B21 Zone 2 = 0.65
Note:

‘B’ Protections at the Dymond terminal have no z@rmverage, thus, no relay margin analysis has bempleted for those
protections

Figures 12 and 13 show the relay characteristidsfaa apparent impedance trajectory of 115 kV @iGK
for a 3 phase fault at Hanmer on P502X.
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Figure 12: D3K @ Dymond ‘A’ protections for 3 phasefault at Hanmer on P502X
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Flgure 13: D3K @ Kirkland Lake ‘A’ & ‘B’ protection s for 3 phase fault at Hanmer on P502X

It can be seen that the trajectory for the Kirkldadte terminal of D3K enters the ‘A’ and ‘B’ protemns,
zone 2 characteristics. While ‘A’ protections ingions were minimal, ‘B’ protections incursions wa@nter
the zone 2 characteristic for approximately 350 nesulting in the violations of the IESO relay marg
criteria. This result is consistent with conclusi@nd requirements made in various system impadiest
completed for the incorporation of Nobel SS (CAA2D04-160), Lower Mattagami Expansion (CAA ID
2006-239), Porcupine and Kirkland Lake SVC (CAA2006-223).

Relay margin violations exist at the Kirkland Lakeminal of the D3K circuit for a 3 phase fault thie
P502X circuit at Hanmer. Hydro One is requireddatsue work on resolving these relay margin violas.
Possible solutions include revising ‘B’ protectigettings to reduce the Zone 2 quad characteristic.

6.9 Low-Voltage Ride Through Capability

The new generating facility is required to rideotingh routine switching events and design criteria
contingencies assuming standard fault detectiaxiliaty relaying, communication, and rated breaker
interrupting times, unless disconnected by con&gan.

Large shunt reactive elements are common at trasgoni stations in Ontario. The magnitude of rwauti
switching transients is site dependent and musbhsidered in equipment design. Please be awarstha
the electrical proximity of the facility there dtee following switching elements:

+300/-100 MVAr SVC at Porcupine 230 kV

+200/-100 MVAr SVC at Kirkland Lake 115 kV

Shunt Capacitor Banks at Porcupine 230 kV bus1@XMVAr @ 250 kV)
500 kV circuits P502X and D501P

As with any other generator, the SC500 is expeictedp only for contingencies which remove the
generator by configuration or abnormal conditiomshsas severe and sustained under-voltage, over-
voltage, under-frequency, over-frequency. &tee severity of under-voltage seen by generatoritals

is to be temporarily mitigated by the LVRT capabiliThe LVRT feature is implemented by injection of
additional reactive current by the grid side AC/BExverter to maintain generator terminal voltage in
the event of a disturbance in the power systemcduages the terminal voltage to drop.
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The implementation of LVRT should not require anstant modification to under-voltage protectiortisgs.
In the PSS/E model for the SC500 inverter, the LM&ature accompanies a change of under-
voltage/overvoltage settings as shown below.

Voltage range Event
V>1.20 pu Trips in 0.16 sec
1.20>V >1.10pu Tripsin 1.00 sec
1.10>V >0.85pu| No trip
0.85>V>0.45pul Tripsin 2.00 sec
0.45>V > 0.00 py Tripsin0.16 sec

In order to examine the need for low voltage rid®ugh (LVRT) capability, the terminal voltagestbé
PV inverters was monitored for the contingencietlireed in Table 13 of Section 6.7. The variatiorttod
terminal voltage of the new generation facilitplstted in Figure 14. It can be seen that the RMériter
terminal voltage drops as low as 0.4 pu for faaltslunta, but for a duration of less than 0.1 sec.
Therefore, the fault ride through capability of freposed inverters is adequate.
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Figure 14: Terminal Voltage of SC500 Inverter Durirg Various Simulated Faults

The LVRT capability must be demonstrated during eassioning by monitoring several variables
under a set of IESO specified field tests and éselts should be verifiable using the PSS/E model.

— End of Report —
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Appendix A: Diagrams for Transient Simulation
Results
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TC1 — X503E @ Hanmer:
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TC2 — P502X @ Hanmer:
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PIA — Solar Generator on C2H Project Revision: RO

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.

PCT-035-PIA_Rev0 100923 IESO.doc Page 2 of 3



PIA — Solar Generator on C2H Project Revision: RO

EXECUTIVE SUMMARY

Proposed 10 MVA
Generation

ﬁ HUNTA SS
Abitibi Canyon SS L2L5
4KM

T2L2
C2H L2L9
TaL2 17KM 20KM 42KM 13KM
C2H-C3H JCT - GREENWATER
PR JCT
*Note: Drawing is not to scale ISLAND FALLS JCT HUNTA C2H-C3H JCT

Figure 1: 10 MVA Solar Generation Connection to HONI Transmission System

It is feasible for Northland Solar Farm to connect the proposed 10 MW generation at the location in Figure 1 as
long as the proposed changes are made:

PROTECTION HARDWARE

No new relays need to be installed to accommodate the connection of the new Solar Farm.

PROTECTION SETTING

The existing Zone 2 reach will be extended to cover the maximum apparent impedance due to the connection of
the Northland Solar Farm. The present protections will continue to function with the existing teleprotection
scheme.

TELECOMMUNICATIONS

New telecommunication link(s) need to be established to transmit protection signals among all stations that are
required for the reliable fault clearing. The provision of new telecommunication facilities that are required to
facilitate this connection (subject to final design considerations) is responsibility of the proponent.

PCT-035-PIA_Rev0 100923 IESO.doc Page 3 of 3
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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 preydtimeet 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 IEBQrides 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.

Final Report — May 15th, 2012 CAA ID 2010-403/40EB409
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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 assessgylfor 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 2010-403/406/408/409 Final Report — May 1532012
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Executive Summary

Project Description

This addendum updates the System Impact AssesstiNarthland Power Solar Martin’'s Meadows,
Abitibi and Empire” (CAA ID 2010-403,406,409) andNdrthland Power Solar Long Lake” (CAA ID
2010- 408) (the “projects”) originally issued imdiary, 2011 for the connection of new solar power
generation farms in Cochrane, Ontario and Huntaaim The original projects, proposed by
Northland Power (the “connection applicant”) wesebnnect two separate facilities to the
transmission grid via the 115 kV circuits A5H angHC The Martin’'s Meadows, Abitibi and Empire
SIA evaluated the impact of a 30 MW injection fréMx 0.5 MW SMA 500HE-US photovoltaic
inverters into circuit ASH. The Long Lake SIA evatad the impact of a 10 MW of injection from 20
x 0.5 MW SMA 500HE-US photovoltaic inverters intoctit C2H.

Recently, Northland Power has notified the IESQ thay will adopt an alternative connection
arrangement which will connect all four sites te #ame connection point along circuit C2H. A
different technology for their solar inverters, reynthe SMA SC800CP PV inverter will also be
used for the project. The new development will rammsist of 56 x 0.714 MW solar inverters, with a
total maximum output of 40 MW. Commercial operatisexpected to start in November 2013.

This addendum examines the impact of the chantfeeiproposed connection arrangement and
generator technology.

Findings

The following is a list of updated conclusions floe incorporation of projects and they supersede
those presented in their original SIAs.

1. The proposed connection arrangement and equiproetlig projects are acceptable to the IESO.

2. The system fault levels after the incorporatiomhef projects will not exceed the interrupting
capabilities of the existing breakers on the IE®8tioIlled grid near the projects.

3. The reactive power capability of the projects isghte and no additional reactive compensation
devices are required.

4. The projects must connect to and participate iftbeheast 115 kV L/R & G/R Special
Protection System. The Northeast 115 kV L/R & GéResne is expected to maintain its Type
Il Special Protection Scheme classification after incorporation of the projects.

5. Protection adjustments identified by the Hydro @mtihe Protection Impact Assessment (PIA) to
accommodate the projects have no adverse impabtearliability of IESO-controlled grid.

6. With existing Hanmer TS reactors R1 and R2 in-gerand not capable of being switched out of
service on-load and with all new FIT and expandeddr Mattagami generation in-service, the
P502X flow into Hanmer and the Flow South systetarfaces may become congested.

7. Pre-contingency thermal overloads exist on theKM Bircuit HET before and after the
connection of the projects. Hydro One plans on agigig both the H6T and H7T circuits to help
alleviate these overloads.

8. Post-contingency thermal overloads of 115 kV cicti6 T and H7T exist before and after the
connection of the project for the loss of the Anglbm T2 autotransformer and the inadvertent
breaker operation (IBO) of the 115 kV H1L91 circoiitaker.

Final Report — May 15th, 2012 CAA ID 2010-403/40m3/09 1
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9. Post-contingency overvoltage issues exist befodeadter the connection of the projects. These
issues occur for the loss of the 500 kV circuit 250vithout the rejection of new and existing
capacitor banks at Hanmer TS and Porcupine TS.dH®de plans to develop a switching
scheme which will automatically disconnect apprafgricapacitor banks to mitigate these issues,
as outlined in the Addendum completed for the NamiOntario Shunt Caps SIA report (CAA
2008-352).

No other voltage concerns were identified withittmrporation of the projects.

10. Relay margin criteria violations exist before aftgrathe connection of the projects. These violatio
occur at the Kirkland Lake terminal of the D3K ciitcfor a 3 phase fault on the 500 kV circuit
P502X at Hanmer TS. Hydro One and IESO continweaidk together to develop appropriate
protection solutions to mitigate this issue.

The relay margins on all other affected circuiterathe incorporation of the projects conform to
the Market Rules’ requirements.

11. Embedded generators at Lower Sturgeon GS becomsdrdly unstable for L-L-G faults on the
115 kV P13T circuit, before and after the connettibthe projects. Due to the small MW rating
of the Lower Sturgeon generators and the factttigit instability is contained within their
distribution system, this issue does not pose alighility concerns to the IESO.

All other contingency simulations showbd¢sand well damped oscillations with the
incorporation of the projects.

12. The proposed PV inverters are expected to remaineaatied to the grid for recognized system
contingencies which do not remove the projectsdmfiguration.

IESO Requirements for Connection
Transmitter Requirements

The following requirements are applicable to tlasmitter for the incorporation of the projects:

1. Hydro One is required to review the relay settiofjthe 115 kV circuit C2H and any other
circuits affected by the projects, as per solutidestified in the PIA.

Maodifications 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 reliabilitypiacts, the connection applicant and the
transmitter must develop mitigating solutions.

2. Hydro One must modify the existing NE 115 kV L/R&R scheme to incorporate the projects.

The following requirements are applicable to tlesmitter to address as soon as practical.
Connection to the grid of the projects is not dejggr on the implementation of the following
requirements. While physical implementation of fiieowing requirements are the responsibility
of the transmitter, cost responsibility of the éoling network upgrades will be determined by
the rules set forth in the TSC (Transmission Systae).

1. Hydro must upgrade 115 kV circuit H6T from Lafor&iad JCT to Timmins TS and 115 kV
circuit H7T from Warkus JCT to Timmins TS to helfesiate thermal overloads.

2. Hydro One must modify the existing 115 kV Northda® & G/R scheme to allow G/R of
various 115 kV generation facilities around the tdusystem for the selection of the Ansonville
T2 and H1L91 IBO contingencies to help alleviatstpmontingency thermal overload of the HGT
and H7T circuits. Units selectable for G/R shouidude Tunis, Cochrane, Long Sault Rapids
and the projects.
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3.

Hydro One must implement an automatic switchingesah for new and existing capacitors
located at Hanmer TS, Porcupine TS and Pinard Telalleviate post-contingency voltage
stability and overvoltage issues in the Northegstesn. Hydro One has proposed possible
solutions for these switching schemes which haes lassessed in the Addendum to the
Northern Ontario Shunt Caps SIA report (CAA 2002835

Hydro One must continue work in resolving existietay margin violations at the Kirkland
Lake terminal of the D3K circuit for faults to tB@0 kV circuit P502X. Possible solutions
include revising ‘B’ protection settings to redube Zone 2 quad characteristic. This
requirement is consistent with conclusions andirequents made in various system impact
studies completed for the incorporation of Nobel(S8A ID 2004-160), Lower Mattagami
Expansion (CAA ID 2006-239), Porcupine and Kirkldrake SVC (CAA ID 2006-223).

Transmitter Recommendation

The following recommendations are applicable totthesmitter to help improve transfer capability
and mitigate potential reliability concerns in #rea. Connection to the grid of the projects is not
dependent on the implementation of the followingpramendations:

1.

Hydro One should explore the feasibility of impnoygiteleprotections for the 115 kV P13T and
P15T circuits, to help improve remote end fauladleg times for faults associated with these
circuits.

Hydro One should explore the feasibility of makiegctors R1 and R2 at Hanmer TS capable of
being switched in and out of service on-load. Wilkincrease power transfer capability through
the P502X circuit and the Flow South interface.

Applicant Requirements

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

1.

The projects are required to have the capabdiipject 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 pamsptovided by the connection applicant, no
dynamic or static reactive compensation is requitetie projects.

The connection applicant has the obligation to enthat the solar farm has the capability to
meet the Market Rules requirement at the connegitbamt 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 solar farm control systems for approval tolEfeO before the project is allowed to connect.

Special protection system facilities must be instht the project to accept a single pair (A & B)
of G/R signals from the Northeast 115 kV L/R & GRS, and disconnect the projects from the
system with no intentional time delay when armad3(R following a triggering contingency.
These special protection system facilities musit a@smply with the NPCC Reliability Reference
Directory #7 for special protection systems. Intigatar, if the SPS is designed to have ‘A’ and
‘B’ protection at a single location for redundanttyey must be on different non-adjacent vertical
mounting assemblies or enclosures. Two indepertdprioils are required on the breakers
selected for G/R. The connection applicant mustigetwo dedicated communication channels,
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separated physically and geographically diverseyden the projects and Northeast 115 kV L/R
& G/R SPS.

To disconnect the projects from the system for GiRultaneous tripping of all 115 kV breakers
at the connection point and the individual progtes shall be initiated with no accompanying
breaker failure response. After being tripped l®/Northeast 115 kV L/R & G/R SPS, the
closing of the breakers is not permitted until @wai is obtained from the IESO. Alternative
solutions to disconnect the project from the sysienG/R may be acceptable upon the approval
of the IESO.

General Requirements: The connection applicant shall satisfy all appllealequirements and
standards specified in the Market Rules and thashission System Code. The following
requirements summarize some of the general reqairenthat are applicable to the projects, and
presented in detail in section 2 of this report.

1.  The connection applicant shall ensure that theeptsjhave the capability to operate
continuously between 59.4Hz and 60.6Hz and fomédid period of time in the region above
straight lines on a log-linear scale defined bygbmts (0.0s, 57.0Hz), (3.3s, 57.0Hz), and
(300s, 59.0Hz).

The projects shall respond to frequency increasetiycing the active power with an average
droop based on maximum active power adjustabled®18% and 7% and set at 4%.
Regulation deadband shall not be wider than + 0.06%

2.  The connection applicant shall ensure that theeptsjhave the capability to supply
continuously all levels of active power output 56 deviations in terminal voltage.

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

The projects shall have the capability to regutateomatically 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 tighédit voltage terminal. If the AVR target
voltage is a function of reactive output, the sloapgAQmax shall be adjustable to 0.5%. The
response of the projects for voltage changes bbaimilar or better than that of a generation
facility with a synchronous generation unit andeanitation system that meets the
requirements of Appendix 4.2 of the Market Rules.

3. The projects shall have the capability to ride tigto routine switching events and design criteria
contingencies assuming standard fault detecticxiliaty relaying, communication, and rated
breaker interrupting times unless disconnecteddoyiguration.

4.  The connection applicant shall ensure that thekl1&quipment is capable of continuously
operating between 113 kV and 132 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 ection equipment is designed to be fully
operational in all reasonably foreseeable amb@&mnperature 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 prtgea disturbance recording device with clock
synchronization that meets the technical specifinatprovided by the transmitter.
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7.

10.

11.

12.

13.

14.

The connection applicant shall ensure that the egipment at the projects be designed to
withstand the fault levels in the area. If any fataystem changes result in an increased fault
level higher than the equipment’s capability, tbarection applicant 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 13XkV.

Appendix 2 of the Transmission System Code stasthe maximum rated interrupting time
for the 115 kV breakers must be 5 cycles or lehsisTthe connection applicant shall ensure
that the installed breakers meet the requiredrimpting time specified in the Transmission
System Code.

The connection applicant shall ensure that the pr@tection systems at the projects 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 projectaa@trpart of the Bulk Power System (BPS)
and, therefore they are not designated as esstntlad power system.

The protection systems within the projects musy iy the 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.

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

If revenue metering equipment is being installe@as of the projects, the connection
applicant should be aware that revenue meteririgliasons must comply with Chapter 6 of

the IESO Market Rules. For more details the cotime@pplicant is encouraged to seek advice
from their Metering Service Provider (MSP) or froine IESO metering group.

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

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

The connection applicant must complete the IESGliaRegistration/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
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The connection applicant must also provide evidéadke IESO confirming that the
equipment installed meets the Market Rules requiregmand matches or exceeds the
performance predicted in this assessment. Thisagi&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 comnaisgg 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.

15. The Market Rules governing the connection of rer@egeneration 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 Northland Power SolaigLicake, Abitibi, Martin’s Meadows and
Empire, operating up to 40MW, subject to the reguients specified in this report, is expected to
have no material adverse impact on the reliahiltthe integrated power system.

It is recommended thatMotification of Conditional Approval for Connection be issued for Northland
Power Solar Long Lake, Abitibi, Martin’s MeadowsdaBmpire subject to the implementation of the
requirements outlined in this report.

— End of Section —
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1. Project Description

Northland Power has proposeddevelop 4 x 10 MW solar farms located in Hunta,dbiotand
Cochrane, Ontario known as Northland Power SolattiMa Meadows, Abitibi, Empire and Long
Lake which have been awarded Power Purchase Agreemeder the FIT program. It is expected
that commercial operation will start in Novembef 20

Originally developed and assessed as two sepadd®\L and 30 MW facilities connected to the 115
kV C2H and A5H circuits, the new connection arrangat proposes to connect all 40 MW via one
connection point along the C2H circuit.

The projects will be connected to Hydro One’s 1¥ckcuit C2H, 4.1 km from Hunta SS. Each of
the Martin’s Meadows, Abitibi, Empire and Long Ladites will consist of 14 units of the SMA
800CP PV inverters with 7 three winding pad mouep sip transformers. A collector feeder for each
site will be connected to its own 27.6/115 kV stgptransformer and a 115 kV circuit breaker and
115 kV motorized disconnect switch. The Martin’'sadews, Abitibi and Empire sites will be
grouped together via a common 115 kV bus and cdade¢brough a 21 km 115 kV overhead tap
line. The Long Lake site will connect to its ownskY bus which connects through a 0.5 km 115 kV
overhead tap line. At the other end of the tapdjra common switching station will connect eaph ta
line to a 115 kV circuit breaker and motorized diseect switch.

The proposed connection arrangement is shown ir&ify, Appendix A.

— End of Section —
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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 thipgio

2.1 Frequency/Speed Control

As per Appendix 4.2 of the Market Rules, the cotinacapplicant shall ensure that the projects have
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 projects shall respond to frequency increasetiycing 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%.

2.2 Reactive Power/Voltage Regulation

The projects are directly connected to the IESQirotled grid, and thus, the connection applicant
shall ensure that the projects have the capabaity

- supply continuously all levels of active power attpor 5% deviations in terminal voltage.
Rated active power is the smaller output at eitatgd ambient conditions (e.g. temperature,
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 (idgnamically) at the 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 installedatioe up the deficient reactive power;
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- 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 slope\V/AQmax shall be adjustable to 0.5%. The responséefptojects for
voltage changes shall be similar to or better tienresponse of a generation facility with a
synchronous generation unit and an excitation systat meets the requirements of Appendix
4.2 of the Market Rules.

2.3 Voltage Ride Though Capability

The projects shall have the capability to ride tigto routine switching events and design criteria
contingencies assuming standard fault detectialiaty relaying, communication, and rated breaker
interrupting times unless disconnected by configjona

2.4 Voltage

Appendix 4.1 of the Market Rules states that umdemal operating conditions, the voltages in the
115 kV system are maintained within the range &kl/1to 132 kV. Thus, the IESO requires that the
115 kV equipment in Ontario must have a maximuntiooous voltage rating of at least 132 kV.

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

2.5 Connection Equipment Design

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 adverse effeitssfailure on the IESO-controlled grid are
mitigated. This includes ensuring that all cirdui¢akers fail in the open position.

2.6 Disturbance Recording

The connection applicant is required to instathatprojects a disturbance recording device with
clock synchronization that meets the technical ifipations provided by the transmitter. The device
will be used to monitor and record the respong@®projects to disturbances on the 115 kV system
in order to verify the dynamic response of genesafbhe quantities to be recorded, the samplirgy rat
and the trigger settings will be provided by thenamitter.

2.7 Fault Level

The Transmission System Code requires the new emmpto be designed to withstand the fault
levels in the area where the equipment is installédis, the connection applicant shall ensure that
the new equipment at the projects is designed staguthe fault levels in the area. If any future
system changes result in an increased fault leigheh than the equipment's capability, the
connection applicant is required to replace theipgent with higher rated equipment capable of
sustaining the increased fault level, up to maxinfaait level specified in the Transmission System
Code. Appendix 2 of the Transmission System Codabbshes the maximum fault levels for the
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transmission system. For the 115 kV system, theimax 3 phase and single line to ground
symmetrical fault levels are 50 KA.

Fault interrupting devices must be able to interfaplt currents at the maximum continuous voltage
of 132 kV.

2.8 Breaker Interrupting Time

Appendix 2 of the Transmission System Code stagstihe maximum rated interrupting time for the
115 kV breakers must be 5 cycles or less. Thus;dhaection 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 theeptimin 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. Asetitlly assessed by the IESO, these projects
are not on the current Bulk Power System list, dugtlefore, 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 projects musty drip the appropriate equipment required to
isolate the fault. After the projects begin comnaroperation, if an improper trip of the 115 kV
circuit C2H occurs due to events within the prgjéiee projects may be required to be disconnected
from the IESO-controlled grid until the problenrésolved.

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 madifications made to protection relays aftés (SIA 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

2.10 Telemetry

According to Section 7.3 of Chapter 4 of the MarRetes, the connection applicant shall provide to
the IESO the applicable telemetry data listed ipégmix 4.15 of the Market Rules on a continual
basis. As per Section 7.1.6 of Chapter 4 of thektaRules, the connection applicant shall also
provide data to the IESO in accordance with Sechiaf Market Manual 1.2, for the purposes of
deriving forecasts of the amount of energy that thgjects are capable of producing. The whole
telemetry list will be finalized during the IESOdH#ty Registration/Market Entry process.

The data shall be provided with equipment that méle¢ requirements set forth in Appendix 2.2,
Chapter 2 of the Market Rules and Section 5.3 ofketaManual 1.2, in accordance with the
performance standards set forth in Appendix 4.1esti to Section 7.6A of Chapter 4 of the Market
Rules.
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As part of the IESO Facility Registration/Market tEnprocess, the connection applicant must
complete end to end testing of all necessary talgnpeints with the IESO to ensure that standards
are met and that sign conventions are understolbébuid anomalies must be corrected before IESO
final approval to connect any phase of the praggtanted.

2.11 Revenue Metering

If revenue metering equipment is being installe@as$ of these projects, 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 tirojects must be compliant with the applicable
reliability standards established by the North Ager 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 @mRReliability Compliance Program. To find out
more about this program, write déocp@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

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 netton 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 IESJligaRegistration/Market Entry process in a
timely manner before IESO final approval for corti@tis granted.

Models and data, including any controls that wdagdbperational, must be provided to the IESO.
This includes both PSS/E and DSA software compmatittthematical models representing the new
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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 connectimti@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 bef@miation 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/MarkettBrprocess, the connection applicant must
provide evidence to the IESO confirming that thaipapent installed meets the Market Rules
requirements and matches or exceeds the performpaedieted 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 onlgdoralance 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 progedll 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 3Gsdeter completion of commissioning tests.
Failure to provide evidence may result in discotinadrom 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 bylE®O.

2.15 Other Connection Requirements

The Market Rules governing the connection of rerd&generation facilities in Ontario are
currently being reviewed through the SE-91 stakd¢rainitiative and, therefore, new connection
requirements (in addition to those outlined in $18), may be imposed in the future. The connection
applicant is encouraged to follow developmentsgdhtes through the following link:
http://www.ieso.ca/imoweb/consult/consult_se91.asp

-End of Section-
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Data Verification

3.

3.1

Data Verification

Connection Arrangement

The connection arrangement of the projects willreduce the level of reliability of the integrated

power system and is, therefore, acceptable toBEBOI

3.2

Table 1: Specifications of SMA Sunny Central 800CPV Inverter

Type

Rated
MVA

Rated
Voltage

Rated
MW

Power Factor

SMA 800CP

360 V 0.833

0.8*

0.9 leading to
0.9 lagging

* limited to 0.714 MW to not exceed the individu®) MW site ratings

Three Winding Pad Mount Transformer

Table 2: Specifications of the Inverter Three Windi

SMA Sunny Central 800CP Photovoltaic Inverter

g Pad Mount Transformers

HV1 - LV1 HV1 - LV2 LV1-LV2
Transformation 27.6 kV -360V | 27.6 kV - 360 360V -360V
X 6% 6% 6%
Base 1.6 MVA 1.6 MVA 1.6 MVA

Voltage Ride-Through Capability

The proposed PV inverter will be equipped with tloev Voltage Ride-Through capability (LVRT).
During a voltage drop/raise, the minimum time foriaverter to remain online is shown in Table 3.

Table 3: Inverter Voltage Ride-Through Capability

Voltage Range (% of base voltage) Minimum time for inverters to Remain Online (sec
V <45 0.250
45< 'V <65 1.00
65<V <75 2.00
75<V <90 3.00
90< V <110 No Trip
110<V <120 2.00
120<V <130 0.250
130<V <135 0.160
V >135 0
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The adequacy of the voltage ride-through capalditythe proposed inverter was verified by
performing transient stability studies as detaite8ection 6.7 of this report.

Frequency Ride-Through Capability

The Sunny Central 800CP inverter can remain ordorginuously for abnormal frequency in the 57-
62 Hz range.

The Market Rules state that the generation fadilitgctly connecting to the IESO-controlled grid
shall operate continuously between 59.4Hz and 604itd 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 pragmbsverters meets the Market Rules’
requirements.

3.3 Main Step-Up Transformers

Table 4: Main Step-Up Transformer Data

iti Configuration ¢
' Rating (MVA) Positive Sequenc g Zero Sequenéé
Unit Voltage (ONAN/ONAF) Impedance (pu) o 15 Impedance (pu) Tap
S= 9 MVA Ss= N/A
ULTC@ HV: 17
T1-T4|115/27.6 kV| 9/12 MVA 0.0045+j0.09 Delta Yg N/A steps, 114 -136
kv

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

3.4 Collector System

Table 2: Equivalent Impedance of Collectors

Positive-Sequence Impedance |  Zero-Sequence Impedance
Feeder Unit# | MW (pu, $=100MVA, $=27.6kV) (pu, $=100MVA, $=27.6kV)
R X B R X B
patns | 14 10 | 02722 | 006778 0000019 NA|  N/A N/A
Abitibi 14 10 0.2722 0.06778 | 0.000019 N/A N/A N/A
Empire 14 10 0.2722 0.06778 | 0.000019 N/A N/A N/A
Long Lake 14 10 0.2722 0.06778 | 0.000019 N/A N/A N/A

(*) Zero-sequence impedance has not been providgical data was assumed during the SIA. The
applicant needs to provide this data during theQB&arket Entry process.
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3.5 Connection Equipment
3.5.1 HV Switches

Table 3: Parameters of HV Disconnect Switches

Identifier Voltage Rating Contmuoqs Cllitreny
Rating
All 132 kV 600 A

All HV switches meet the maximum continuous voltagng requirement of 132 kV.

352 HV Circuit Breakers

Table 4: Parameters of HV Circuit Breakers

o . Interrupting Continuous Short Circuit
JEEITHIER | MRS (REI Time Current Rating | Symmetrical Rating
All 132 kv 3 cycles (50 ms) 600 A 45 kA

The HV circuit breakers meet the maximum continuglgage rating requirement of 132 kV and the
required 3 cycles or less interrupting time.

The symmetrical rated short circuit breaking cutr@rthe 115 kV breakers are 45 kA. This value is
below the maximum 3 phase symmetrical fault le¥él(bkA established by the Transmission
System Code for the 115 kV system. Fault studies/ahin Section 4 of this report show that the
115kV breaker ratings of 45 kA are sufficient tahgtand fault levels at the projects. The connactio
applicant should be aware that if any future systeamges result in increased fault current higher
than the equipment’s capability, the connectiorliappt would be required to replace these breakers
with higher rated breakers up to the maximum feawiel of 50 kA.

3.5.3 TapLine

Table 5: Parameters of the Tap Line

Positive-Sequence Impedanc{ Zero-Sequence Impedarie

L(irr‘%th (pu, $=100MVA, Vg=118KV) | (pu, $=100MVA, V5=118kV)
R X B R X B

21 0.0164 | 0.0924] 0.016 N/A N/A N/A

0.5 | 0.000617 0.00154| 0.00024]  NI/A N/A N/A

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

-End of Section-
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4, Short Circuit Assessment

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

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

(1) Existing Generation Facilities in Northwest and Notheast Zones
¢ All hydraulic generation
* 1 Atikokan
e 2 Thunder Bay
* NP Iroquois Falls
e AP Iroquois Falls
* Kirkland Lake
* 1 West Coast (G2)
e Lake Superior Power
e Terrace Bay Pulp STG1 (embedded in Neenah paper)
* Greenwich Wind Farm (M23L and M24L)

(2) Committed Generation Facilities in Northwest and Notheast Zones
* Island Falls
« Lower Mattagami Expansion
e Mattagami Lake Dam
* New post Creek GS
¢ Mcleans Mountain Wind Farm (S2B)
« Kabinakagami Generation Development
* Bow Lake Phase 1 Wind Farm
e Kapuskasing/lvanhoe
* Northland Power Solar Martin's Meadows
* Northland Power Solar Abitibi
« Northland Power Solar Long Lake
* Northland Power Solar Empire
» Liskeard Solar

(3) Transmission System Upgrades in Northwest and Nor#hast Zones
* Lower Mattagami expansion - H22D line extensiomrfridarmon to Kipling (CAA2006-
239)
* New Pinard 115 kV SS (CAA 2009-366)

(4) System Operation Conditions
* Alltie-lines in service and phase shifters on redutps
* Maximum voltages on the buses

Table 6summarizes the fault levels at facilities nearpghgects with and without the projects
and other recently committed generation projects.
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Table 6: Fault Levels at Facilities near the Projeis

. After the Projects & | Lowest Rating of
Eziore e Frojeds Committed Generatior, Circuit Breakers
3-Phase| L-G 3-Phase] L-G (kA)
Symmetrical (kA)*
Porcupine 115 kV 10.94 13.74 11.03 13.84 40
Timmins K1 115 kV 9.08 9.00 9.16 9.05 40
Timmins K2 + K3 115 kV 9.24 9.21 9.32 9.26 40
Hunta 115 kV 9.32 5.88 9.95 6.04 40
Ansonville 115 kV 8.53 9.02 8.64 9.10 40
Pinard 115 kV 5.636 5.55 5.79 5.65 30
NP Solar C2H Tap 115 kV| - - 8.54 5.10 45
Asymmetrical (kA)*
Porcupine 115 kV 13.66 17.44 13.7% 17.55 47
Timmins K1 115 kV 10.20 9.50 10.27 9.55 40
Timmins K2 + K3 115 kV 10.41 9.79 10.49 9.83 40
Hunta 115 kV 9.32 5.91 9.96 6.08 48
Ansonville 115 kV 9.77 10.44 9.86 10.50 40
Pinard 115 kV 6.60 6.49 6.76 6.59 30
NP Solar C2H Tap 115 kV - - 8.54 5.10 (unknown)**

* 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 applicant must provide the asymmetrical rgtof the 230 kV circuit breakers during the IESOrkéa
Entry process.

Table 6 shows that the proposed breakers at thegsand the existing breakers at local area buses
are capable of interrupting the expected shorutitevels on the IESO controlled grid. No short
circuit issues are foreseen with the incorporatibtihe projects.

-End of Section-
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5. Protection Impact Assessment

A Protection Impact Assessment (PIA) was completetiydro One to examine the impact of the
projects on existing transmission system protesti®noposed changes were included in the system
impact studies.

Protection Changes

The changes to the existing transmission prote&ysitems for incorporating the projects have been
proposed in the PIA report (Appendix B). The pratetsetting changes are summarized in Table 7.

Table 7: Proposed Protection Setting Changes

. Existing Revised

Station Zone Reach (km) | Reach (km) Comments
1 - 74

Pinard TS - - -
2 } 395 Set at 125% of the maximum apparent impedance with

existing Abitibi generation out of service

1 74 Zone 1 removed to avoid reaching into the custosner’

Hunta SS line
2 425 130 Set at 125% of the maximum apparent ianpes

Note: Proposed settings reflect the new terminationreti@ C2H from Abitibi Canyon SS to the new Pinard
115 kV TS (see CAA 2009-366).

Blocking Sgnal:

The existing Permissive Overreaching Scheme foCid circuit will be modified to a Direct
Comparison Blocking Scheme. As such, a 50 ms Zdima€2delay will be introduced in anticipation
of receiving a blocking signal from the projects.

Telecommuni cation Requirements;

The connection applicant will be required to instew dual telecommunications links to transmit
protection signals amongst all stations that ageired for reliable fault clearing.

The PIA concluded that the incorporation of theiguts 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 thpdit of the projects on the reliability of the IESO
controlled grid. It includes thermal loading assamst of transmission lines, system voltage
performance assessment of local buses, transahilitst assessment of the proposed and major
surrounding generation units, ride-through capigbdlf the projects. The section also investigabes t
performance of the proposed control system andifteenthe impact of the projects on existing SPS
schemes. In addition, the reactive power capalfithe projects is assessed and compared to the
Market Rules requirements.

6.1 Study Assumptions

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

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

* Series Compensation of X503E and X504E circuits

* +300/-100 Mvar SVC at Porcupine 230 kV

e +200/-100 Mvar SVC at Kirkland Lake 115 kV

*  Shunt Capacitor Banks at Pinard 27.6 kV bus (2.4 8%ar @ 27.6 kV)

e Second Shunt Capacitor Bank at Hanmer 230 kV 4@ flvar @ 220 kV)
e Second Shunt Capacitor Bank at Essa 230 kV busNR&E @ 250 kV)

e Shunt Capacitor Banks at Porcupine 230 kV busi@xkMvar @ 250 kV)
e Shunt Capacitor Bank at Kapuskasing 24.9 kV buss(Rvar @ 28.8 kV)
* New Pinard 115 kV SS (CAA 2009-366)

(2) Generation facilities: All existing and committed major generation fak with 2014 in-
service dates or earlier were assumed in servioe rdlevant committed facilities primarily

include:

Recently Committed Generation Facilities

¢ Lower Mattagami Generation * Mattagami Lake Dam
Development

» Kapuskasing/lvanhoe + Kabinakagami

* Northland Power Solar » Liskeard Solar

* McLean’s Mountain » Island Falls

Existing and Committed Embedded Generation
* Northeast area; 253 MW

(3) Load: Two different load levels for the Northeast areaeneonsidered for the SIA studies and
are summarized in Table 8.

Table 8: System Demand and Primary Interface Flow$or Basecases (MW)

Load System Demand (MW) Northeast Area Demand (MW)
Normal Peak Load 19041 1190
Light Load 11621 990
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(4) BasecaseddJsing the above load levels, three basecases westaphed. The projects were
incorporated into each case. The generation disgetitosophies for the three cases are as
follows:

Light Load Case:
- System demand and Northeast area demand scaigtitttobd values
- Proposed solar farms in-service with only baselgerkration in-service
- Used for voltage studies

Summer Congested Case:
- System demand and Northeast area demand scaledhtalrpeak value
- All committed generation in-service
- Generation in the Northeast dispatched to achieg&el interface transfers
- Used for transient studies

Summer Non-Congested Case:
- System demand and Northeast area demand scaledhtalrpeak value
- All committed generation in-service
- Generation in the Northeast dispatched to respedhermal planning ratings of circuits
in the Northeast
- Used for thermal studies

The relevant interface flows for the cases hava lseenmarized in Table 9.
Table 9: Interface Flows for Basecases (MW)

Flow into Hanmer on
Basecase EWTE MISSE FS P502X
Light Load Case -256 -197 -1046 -367
Summer Congested Case 332 651 2076 1335
Summer Non-Congested Cage 332 651 1951 1232

6.2 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 dimesactive 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 fagggower factor and 0.95 leading power factor at
rated active power. For a solar farm with impedareigveen the generator and the connection point
greater than 13% based on rated apparent poweidptbthe inverters have the capability to provide
a reactive power range of 0.90 lagging power faatat 0.95 leading power factor at rated active
power, the IESO accepts that the solar farm congteador 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.
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Dynamic Reactive Power Capability

The SMA SC800CP PV inverter has an option for pdiaetor of 0.9 inductive to 0.9 capacitive.
Thus, the dynamic reactive capability of the prbjaeets the MR requirements.

Table 10: Inverter Dynamic Reactive Power Capabiliy

Rated |Rated Active Reactive Power Capability Power

Voltage Power Factor
IESO Qumax = 0.714 x tan [c65(0.9)] = 0.346 Mvar | 0.90 lag

Reaul " 360V | 0.714 MW
equirements Quin = 0.714 x tan [c05(0.95)] = 0.235 Mvar| 0.95 lead
Qmax= 0.346 Mvar 0.90 lag
SC800CP 360V| 0.714 MW

Qmin = 0.346 Mvar 0.90 lead

Static Reactive Power Capability

In addition to the dynamic reactive power requiratridentified above, the SF has to compensate for
the reactive power losses within the project tauemghat it has the capability to inject or withdra
reactive power up to 33% of its rated active poatedhe connection point. As mentioned above, the
IESO accepts this compensation to be made witlckalite shunt admittances.

Load flow studies were performed to calculate théicsreactive compensation, based on the
equivalent parameters provided by toaenection applicant for the projects.

The reactive power capability in lagging p.f. oé fbroject was assessed under the following
assumptions:

» typical low voltage of 124 kV at the connectionmtoi
* maximum active power output from the equivalent&élarms;

* maximum reactive power output (lagging power factaym the equivalent inverter, unless
limited by the maximum acceptable inverter termivatage;

* maximum acceptable inverter voltage is 1.1, adlpeinverter voltage capability;

* the main step-up transformer ULTCs are availabledjast the LV voltages as close as
possible to 1 pu voltage.

The reactive power capability in leading p.f. of fhroject was assessed under the following
assumptions:

» typical high voltage of 130 kV at the connectiorino
* minimum (zero) active power output from the equevellSolar Farms;

* maximum reactive power consumption (leading powetdr) from the equivalent inverter,
unless limited by the minimum acceptable inverteminal voltage;

* minimum acceptable inverter voltage is 0.9, astipeinverter voltage capability;

* the main step-up transformer ULTCs are availabledjast the LV voltages as close as
possible to 1 pu voltage.

The IESO'’s reactive power calculation used theejent electrical model for the inverters and
collector feeders as provided by the connectioniegg. It is very important that the projects have
proper internal design to ensure that the invedgegsot limited in their capability to produceiaet
and reactive power due to terminal voltage limitether facility’s internal limitations. For exanapl
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it is expected that the transformation ratio ofithesrter step up transformers will be set in sach
way that it will offset the voltage profile alonkget collector, and all the inverters would be able t
contribute to the reactive power production of &fein a shared amount.

Table 11: 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 1.1 +13.8 124

Leading PF 1.00 0.9 -19.1 130

Based on the equivalent parameters for the progecpsovided by the connection applicant, the
reactive power capability of the projects meetsOE8quirements. No static compensation devices
are required to be installed at the facility to trtbe reactive power requirements at the connection
point.

6.3 Solar Farm Control System

As per the Market Rules’ requirements, the solamfahall operate in voltage control mode by using
all voltage control methods available within thejpcts. The overall automatic voltage regulation
philosophy for the projects is summarized as follow

(1) Allinverters control the voltage at a point whasgedance (based on rated apparent power
and voltage of the projects) is not more than 18%mfthe connection point. Appropriate
control slope is adopted for reactive power shaaimgng the PV inverters as well as with
adjacent generators. The reference voltage wiligeeified by the IESO during operation.

(2) The main transformer ULTC is adjusted, manuallpwiomatically, to regulate the collector
bus voltage such that it is within normal range alode to about 1 pu. The IESO may require
automatic control for this ULTC if manual adjustrhé@ntoo slow.

In the event that the voltage control at the misiecomes unavailable, the IESO requires thdt eac
PV inverter be in reactive power control and mamiis reactive power output to the value prior to
the loss of signal from the project voltage contBepending on system conditions, further action
such as curtailing the output of the projects maydguired for reliability purposes.

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 senlioenediately 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°@0ambient 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°80ambient temperature and 4 km/h wind speed. Tbe-sh
term emergency ratings (STE) for conductors weleutated at the sag temperature, with &30
ambient temperature, 4 km/h wind speed and 100%mmus pre-load.

The thermal ratings for summer weather conditidredlanonitored circuits are summarized in Table
12.
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Table 12: Local Area Thermal Ratings

Continuous LTE STE
Section (15 Minute LTR)
Circuit From To Amps | MVA | Amps | MVA | Amps MVA
Hunta SS Hunta C2/3HJCT | 1090 222.8 1410 288.3 1630 333.3
Hunta C2/3H JCT| Greenw. Pk JCT 500 102.2 500 102.2 500 102.2
Hunta C2/3H JCT| Greenw. Pk JCT 500 102.2 500 102.2 500 102.2
Greenw. Pk JCT Island Falls JCT 500 102.2 500 102.2 500 102.2
Greenw. Pk JCT Island Falls JCT 500 102.2 500 102.2 500 102.2
C2H Island Falls JCT C2H C3H JCT 500 102.2 500 102.2 500 102.2
Island Falls JCT C2H C3H JCT 500 102.2 500 102.2 500 102.2
C2H C3H JCT Pinard JCT S 500 102.2 500 102.2 500 102.2
C2H C3H JCT Pinard JCT S 500 102.2 500 102.2 500 102.2
Pinard JCT S Pinard SS 700 143.1 700** 1431 1000 204.5
Hunta SS Hunta C2/3H JCT 1090 | 222.8 1280 261.7 1420 290.3
Hunta C2/3H JCT | Greenw. Pk JCT 520 106.3 520 106.3 520 106.3
Hunta C2/3H JCT | Greenw. Pk JCT 520 106.3 520 106.3 520 106.3
Greenw. Pk JCT | Island Falls JCT 520 106.3 520 106.3 520 106.3
Greenw. Pk JCT | Island Falls JCT 520 106.3 520 106.3 520 106.3
3 Island Falls JCT | C2H C3H JCT 520 106.3 520 106.3 520 106.3
Island Falls JCT | C2H C3H JCT 520 106.3 520 106.3 520 106.3
C2H C3H JCT Pinard JCT S 520 106.3 520 106.3 520 106.3
C2H C3H JCT Pinard JCT S 520 106.3 520 106.3 520 106.3
Pinard JCT S Pinard SS 700 143.1 | 700** 143.1 1000 204.5
Hunta SS Warkus JCT 500 102.2 530 108.4 530 108.4
7T Warkus JCT Timmins TS 380 77.7 380 77.7 380 7.7
Hunta SS Tisdale JCT 500 102.2 530 108.4 530 108.4
H6T Tisdale JCT Laforest Rd JCT 500 102.2 530 108.4 530 108.4
Laforest Rd JCT | Timmins TS 380 77.7 380 77.7 380 7.7

** LTE ratings are not available and are assumegetequal to the continuous ratings

The effects of the projects on the thermal loadwigbe 115 kV transmission system in the Hunta
area were examined. Table 13 shows the pre-comiiygbermal analysis results prior to and after

the connection of the projects, under the summeraamgested case outlined in Section 6.1.

Table 13: Pre-Contingency Thermal Analysis

NP SF

Cont. | NP SF Out of NP SE In-Service & Abitibi

Rating Service In-Service Canyon 115 kV

; units dispatched
Section down 40 MW total

CCT From To Amps | Amps % Amps % Amps %

Hunta SS Hunta C2/3H JCT 1090 227 20 392 36 306 28
C2H | HuntaC2/3HJCT | Greenw. PKCT 500 113 22 196 39 152 30
HuntaC2/3HJCT | Greenw. PKCT 500 113 22 196 39 153 30
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Greenw. PKCT | Island Falls JCT 500 114 22 108 21 64 12
Greenw. PKCT | Island Falls JCT 500 113 22 107 21 64 12
Island Falls JCT| C2H C3H JCT 500 114 2P 108 21 64
Island Falls JCT| C2H C3H JCT 500 115 28 109 21 65
C2H C3H JCT Pinard JCT S 500 116 28 110 22 66 13
C2H C3H JCT Pinard JCT S 500 116 28 110 22 66 13
Pinard JCT S Pinard SS 700 232 38 220 31 133 18
Hunta SS HuntaC2/3HJCT | 1090 230 21 243 22 156 14
HuntaC2/3HJCT | Greenw. PKICT 520 115 22 121 23 77 14
HuntaC2/3HJCT | Greenw. PKICT 520 115 22 121 23 77 14
Greenw. PKCT | Island Falls JCT| 520 116 22 122 23 77 14
Greenw. PKICT | Island Falls JICT| 520 116 22 122 23 77 14
c3H Island Falls JCT| C2H C3H JCT 520 116 22 123 23 78 15
Island Falls JCT| C2H C3H JCT 520 116 22 123 23 78 15
C2H C3H JCT | Pinard JCT S 520 117 22 123 23 79 15
C2H C3H JCT | Pinard JCT S 520 117 22 123 23 79 15
Pinard JCT S Pinard SS 700 234 33 247 35 158 22
Hunta SS Warkus JCT 500 409 81 453 90 408 81
AT Warkus JCT Timmins TS 380 290 76 331 87 288 75
Hunta SS Tisdale JCT 500 365 73 409 81 365 73
H6T | Tisdale JCT Laforest Rd JCT| 500 360 72 404 80 360 72
Laforest Rd JCT| Timmins TS 380 381 100 426 112 381 100

Simulation results show pre-contingency congestifathe H6T and H7T circuits. These
congestion issues exist during day time conditiarigen all local area generation is in-service
causing high power transfers through the 115 k\esgsThe connection of the projects increases
the flows on the H6T and H7T circuits and thus éages congestion. To counteract the flow
increase on the congested circuits caused by tjegbs, hydro generation at Abitibi Canyon was
dispatched down as outlined in the third set afiltesn Table 13. To help accommodate more
power transfers from the area, it is required Hydro One upgrade 115 kV circuit HET from
Laforest Road JCT to Timmins TS and 115 kV cirélT from Warkus JCT to Timmins TS as
soon as practical to help alleviate congestion.n@otion to the grid of the proposed projects is
not dependent on the implementation of this requémna, as it is an existing issue in the area.

Using the non-congested case with hydro generdigpatched down and the recently committed
generation in-service, contingency studies weréopaed to identify potential post-contingency
thermal violations.

Tables 14 and 15 summarize the post-contingengysffor the monitored circuits. The post-
contingency results of the monitored circuits imgwcurrent flow in ampere, and loadings in
percentage of LTE and STE ratings.
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Table 14: Post-Contingency Thermal Analysis

LTE STE Loss of C3H Loss of H6T™ Loss of H7T? Loss of P91&Y
Section
ceT From To Amps | Amps | Amps L;,;)E SO-/EE Amps L;,;)E SO-/EE Amps L;,;)E %;E Amps L;,;)E %;E
Hunta SS Hunta C2/3H JCT| 1410 1630 306 21 18 144 108 144 10 8 143 10 8
Hunta C2/3H JCT| Greenw. Pk JCT 500 50( 15p B0 BO 711 14 14 71 14 14 71 14 14
Hunta C2/3H JCT | Greenw. Pk JCT 500 50 158 30 30 71 14 14 71 14 14 71 14 14
Greenw. Pk JCT Island Falls JCT 500 50 64 12 12 70 14 14 70 14 14 70 14 14
CoH Greenw. Pk JCT Island Falls JCT 500 50 64 12 12 7 14 14 71 14 14 71 14 14
Island Falls JCT C2H C3H JCT 500 500 64 12 12 7 1414 70 14 14 70 14 14
Island Falls JCT C2H C3H JCT 500 500 65 13 13 71 1414 71 14 14 71 14 14
C2H C3H JCT Pinard JCT S 500 500 66 13 13 71 14 14 71 14 14 71 14 14
C2H C3H JCT Pinard JCT S 500 500 66 13 13 71 14 14 71 14 14 71 14 14
Pinard JCT S Pinard SS 700 1000 132 18 13 143 20 14143 20 14 143 20 14
Hunta SS Hunta C2/3H JCT | 1280 1420 - - - 146 11 10 146 11 10 145 11 10
Hunta C2/3H JCT | Greenw. Pk JCT 520 520 - - - 72 13 13 72 13 13 72 13 13
Hunta C2/3H JCT | Greenw. Pk JCT 520 520 - - - 72 13 13 72 13 13 72 13 13
Greenw. Pk JCT | Island Falls JCT 520 520 - - - 71 13 13 71 13 13 71 13 13
Greenw. Pk JCT | Island Falls JCT 520 520 - - - 71 13 13 71 13 13 71 13 13
cH Island Falls JCT | C2H C3H JCT 520 520 - - - 71 13 13 71 13 13 71 13 13
Island Falls JCT | C2H C3H JCT 520 520 - - - 71 13 13 71 13 13 71 13 13
C2H C3H JCT Pinard JCT S 520 520 - - - 72 13 13 72 13 13 72 13 13
C2H C3H JCT Pinard JCT S 520 520 - - - 72 13 13 72 13 13 72 13 13
Pinard JCT S Pinard SS 700 1000 - - - 144 20 14 144 20 14 144 20 14
H7T Hunta SS Warkus JCT 530 530 408 e 77 386 72 72 - - - 399 75 75
Warkus JCT Timmins TS 380 380 288 75 75 276 72 72 - - - 288 75 75
Hunta SS Tisdale JCT 530 530 365 68 68 - - - 351 66 66 356 67 67
H6T | Tisdale JCT Laforest Rd JCT 530 530 360 67 67 - - - 344 65 65 350 66 66
Laforest Rd JCT | Timmins TS 380 380 381 100 | 100 - - - 368 96 96 374 98 98
Notes:

(1) GIR is required to obey the 15 minute LTR offHWnits rejected = NP Cochrane, TCPL Tunis, NRaSol
(2) GIR is required to obey the 15 minute LTR offH8nits rejected = NP Cochrane, TCPL Tunis, NRaSol
(3) G/R is required to obey the 15 minute LTR offHhd H7T. Units rejected = NP Cochrane, TCPL TuNR Solar, NP Iroquois Falls G1
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Table 15: Post-Contingency Thermal Analysis

LTE | STE | Loss of Ansonville T2¥ | Loss of Ansonville T2° | P91G H1L91 1BO® | P91G H1L91 1BO™
Section
cCcT From To Amps | Amps | Amps L;;)E S;'/I(‘)E Amps L;,;)E SOZE Amps L;,;)E S;'/I(‘)E Amps L;I/-OE S;'/I(‘)E
Hunta SS Hunta C2/3H JCT| 1410 1630 304 211 18 141 10 8 303 21 18 140 9 8
Hunta C2/3H JCT Greenw. Pk JCT 500 50 1511 30 30 70 14 14 151 30 30 70 14 14
Hunta C2/3H JCT| Greenw. Pk JCT 500 50 1B 30 3D 70 14 14 151 | 30 | 30| 70 4 14
Greenw. Pk JCT | Island Falls JCT 500 50 64 17 1 70 14 14 64 12| 12| 70 4 14
Greenw. Pk JCT | Island Falls JCT 500 50 63 17 1 70 14 14 63 12| 12| 70 4 14
N Hsand Fals JoT | C2HCan ICT 500 500 64 17 13 7 i 14 64 12| 12| 70 | 14| 14
Island Falls JCT | C2H C3H JCT 500 500 65 13 13 71 i 14 65 13| 13| 71 4 14
C2H C3H JCT Pinard JCT S 500 500 66 13 13 73 17 4 67 13 | 13| 72 | 14| 14
C2H C3H JCT Pinard JCT S 500 500 66 1 13 73 14 14 67 13 13 72 14 14
Pinard JCT S Pinard SS 700 1000 134 10 18 144 20 14 134 19 13 145 20 14
Hunta SS Hunta C2/3H JCT 1280 1420 154 12 10 143 11 10 154 12 10 142 11 10
Hunta C2/3H JCT | Greenw. Pk JCT 520 520 77 14 14 71 13 13 77 14 14 71 13 13
Hunta C2/3H JCT | Greenw. Pk JCT 520 520 77 14 14 71 13 13 77 14 14 71 13 13
Greenw. Pk JCT Island Falls JCT 520 520 78 15 15 71 13 13 78 15 15 71 13 13
Greenw. Pk JCT Island Falls JCT 520 520 78 15 15 71 13 13 78 15 15 71 13 13
O3 efand Falls 36T | Car can acT 520 | 520 78 15 15 72 13 13 79 15 | 15 | 72 | 13 | 13
sland Falls JCT | C2H C3H JCT 520 | 520 78 15 15 72 13 13 79 15 | 15 | 72 | 13 | 13
CZHC3HJCT | Pinard ICT S 500 | 500 79 15 15 72 14 14 80 15 | 15 | 73 | 14 | 14
CZHC3HJCT | Pinard ICT S 500 | 500 79 15 15 72 14 14 80 15 | 15 | 73 | 14 | 14
Pinard JCT S Pinard 55 700 | 1000 | 159 | 22 15 145 20 14 | 160 | 22 | 16 | 146 | 20 | 14
Hunta SS Warkus JCT 530 | 530 | 524 | 98 98 338 63 63 | 498 | 94 | 94 | 370 | 69 | 69
HIT Warkus JCT Timmins TS 380 380 403 106 106 224 59 59 378 99 99 254 67 67
Hunta SS Tisdale JCT 530 | 530 | 480 | 90 90 205 55 55 | 455 | 85 | 85 | 327 | 61 | 6L
H6T [ Tisdale JCT LaforestRAJCT | 530 | 530 | 475 | 89 89 290 54 54 | 450 | 84 | 84 | 321 | 60 | 60
Laforest Rd JCT | Timmins TS 380 | 380 | 497 | 130 | 130 | 312 82 82 | 472 | 124 | 124 | 343 | 90 | 90
Notes:

(4) No G/R simulated.
(5) G/R is required to obey the 15 minute LTR offHfhd H7T. Units rejected = NP Cochrane, TCPL TuNB Solar

(6) GIR is required to obey the 15 minute LTR offHd H7T. Units rejected = NP Iroquois Falls G2, G3 (as per existing SPS capability)
(7) GIR is required to obey the 15 minute LTR offHBd H7T. Units rejected = NP Iroquois Falls G2, G3, TCPL Tunis, NP Solar
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The study results show that for the loss of theohwgle T2 autotransformer and the inadvertent
breaker operation (IBO) of the 115 kV H1L91 cirdoiitaker at Ansonville, sufficient generation
rejection resources do not exist to mitigate postiagency thermal overloads of the H6T and H7T
LTE or STE. Automatic rejecting or the loss by dgufation of the existing Northland Power
Iroquois Falls generation facility will not be ergiuto mitigate the overloads on the H6T and H7T
circuits for these contingencies. It is requireat tHydro One modify the existing 115 kV Northeast
L/R & G/R scheme, to have various 115 kV generafizmilities as selectable options for the loss of
Ansonville T2 and H1L91 IBO inputs.

6.5 Voltage Analysis

TheOntario Resource and Transmission Assessment Criteria (ORTAC) states that with all facilities in
service pre-contingency, the following criteria lbbe satisfied for parts of northern Ontario:

» The pre-contingency voltages on 115 kV buses muts¢éxceed 132 kV or be less than 113 kV;

» The post-contingency voltages on 115 kV buses motséxceed 132 kV or be less than 108
kV;

* The voltage change following a contingency canmnoeed 10% pre-ULTC and 10% post-
ULTC.

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

Two contingencies were simulated under the defiigiad load case: (1) loss of the projects; and (2)
loss of 115 kV circuit C2H; The studies were cortddassuming the solar farm in-service and
absorbing reactive power close to its maximum c#ipapre-contingency, which result in the largest
voltage change on the system due to the loss dathléies by configuration.

The study results summarized in Table 16 indidaaé all voltage criteria are met and there are no
voltage concerns after the incorporation of thgqmts. Studies outlining overvoltage violationghe

500 kV and 230 kV power system in Northeast Onfavtaich were previously explored in the

original SIA assessments for the projects, have lbedtted in this addendum. These overvoltage
concerns are limitations with the system that exigh before and after the connection of the ptsjec
Hydro One and the IESO continue to work togethdim@ize a mitigating measure for these concerns
as outlined in the Addendum completed for the NarilShunt Caps SIA report (CAA 2008-352).

Table 16: Voltage Analysis for Light Load Case

Monitored Busses Pre-Cont Loss of the projects Loss of C2H

NS Base| Voltage Pre-ULTC Post-ULTC Pre-ULTC Post-ULTC

(kv) (kV) kV % | kv [ % [ kv | % kV %
Porcupine TS 118 129.p 130 0.4 1B0 D.4  179.6 0.1 9612 0.1
Timmins K1 118 129.8 130.4 0p 13014 Q.5 130 D.1 O0{3 0.1
Timmins K2/K3 118 128.7 1292 04 1292 Q4 1288 .10 12838 0.1
Hunta SS 118 128.6 129]1 0Ol4 129.1 D.4 128.2 (0.3 8212 0.3
Ansonville SS 118 124 1264 0[3 1244 3 1261 |0.126.1 0.1
Ansonville SS 118 129.Y 1303 0|5 130.3 D.5 129.7 a29.7 0
NP Long Lake 118 130.8 - - -

6.6 Transient Stability Performance

Transient stability simulations were completed étedmine if the power system will be transiently
stable with the incorporation of the projects fecagnized fault conditions in the Northeast power
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system. In particular, rotor angles of various gatwes in the Northeast were monitored. The normal
summer peak load conditions were used under tlty stssumptions provided in Section 6.1 of this
report. All simulated contingencies are shown ibl€al7 with Figures 2 - 9, Appendix A showing the
transient response plots of the rotor angles asdr/bltages.

Table 17: Simulated Contingencies for Transient Staility

Fau]t i G/R Scheme (ms)| Circuit Cross Tripping (ms)
. . Fault Time (ms)
ID | Contingency | Location MVA Moose | NE 115
Local | Remote : L21S/K38S D501P
River kv
TC1 X503E Hanmer| 3 Phase 70 70 - - - -
1) L @P=91ms,
TC2 P502X Hanmer | 3 Phase¢ 66 91 18( 23( 180 @D=120 ms
520 —
TC3 H7T Hunta 12150 83 111 - 230 - -
. 420 — )
TC4 P13T Porcupine 17200 83 34% - - - -
. 260 —
TC5 C3H Pinard 2100 83 111 - - - -
520 —
TC6 C3H Hunta 12150 83 111 - - - -
520 —
TC7 C2H Hunta 2150 133 133 - - - -
TC8 Long Lake LV side 3 Phase Un-cleared - - - -

Notes:

(1) Capacitors at Porcupine 230 kV and Hanmer 28@é&re tripped 1 second after the fault

(2) Long remote end fault clearing time is duehte tise of Remote Trip communication signals orPth&T and P15T
circuits instead of normally used Transfer Trip coamication signals. The use of single channel rertript signals through
DC metallic leased wires results in a communicatielay of 270 ms

Transient simulations for the P13T @ Porcupineiogency resulted in the transient instability of th
Lower Sturgeon generators. Due to the small sizhasfe embedded units and the fact their instabilit
does not propagate to the rest of the systemdtas not pose any reliability concerns to the IESO
controlled grid. Plots of all local generator arsgtieiring this fault are shown in Figure 5. Lower
Sturgeon units are tripped when their rotor angdash approximately 360 degrees to simulate their
generator out-of-step protections. All other ungéishain stable and show well-damped angle
oscillations.

The transient responses for all other contingersthiesv that the generators remain synchronizedeto th
power system and the oscillations are sufficieddynped. It can be concluded that with the proposed
projects in-service, none of the simulated contiges caused transient instability or un-damped
oscillations.

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

6.7 Voltage Ride-Through Capability

The IESO requires that the PV inverters and astsatiguipment with the projects be able to
withstand transient voltages and remain connectgiet IESO-controlled grid following a recognized
contingency unless the generators are removeddesmice by configuration. This requirement is
commonly referred to as the voltage ride-througRTY capability.
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The proposed SMA PV inverters are equipped with \d@pability. The VRT settings of the PV
inverters were outlined in Table 3 of Section 3.2.

Using the summer normal peak case, The VRT capabflithe inverters was assessed based on the
terminal voltages of the inverters under the sitadaontingencies in Table 17. Figure 10, Appendix
A shows the terminal voltages of the inverterdatMartin’s Meadow site. It shows that the terminal
voltages of the inverters remain below 0.75 puatoout 200 ms, and recover to within 0.9 — 1.1 ppu i
less than 400 ms after the fault inceptida.compared with the VRT capability of the SMA 8@®C
the proposed inverters are able to remain conneatdek grid for recognized system contingencies
that do not remove the project by configuration.

However, when the project is incorporated intolE®0-controlled grid, if actual operation shows
that the inverters trip for contingencies for whtbley are not removed by configuration, the IESO
will require the voltage ride-through capability &ehanced by the applicant to prevent such tripping

The voltage ride-through capability must also beadlestrated 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.

6.8 Relay Margin

The Market Manual 7.4 Appendix B.3.2 requires fbdowing 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 thel ESO-controlled grid, including generator loss of excitation and outt&p relaying at
major generating stations, must be at least 2QL@rkrcent, respectively.

Relay margin analysis was performed to determirédlit C2H will trip for out of zone faults due t
the addition of the projects, as well as to vettify feasibility of the proposed changes to provecti
reaches outlined in the PIA report. Contingenci€s &nd TC6 from Table 17 were simulated using
the normal summer peak load case. The simulatiene performed with the projects in-service and
out of service, however, only results for the invgee case are provided as varying the statusdseof
projects had minimal impact.

Relay margin plots shown in Figure 11 to Figure Agpendix A show that the trajectory on circuit
C2H does not penetrate the relay characteristic avihargin of greater than 20%, thereby meeting the
Market Manual requirement and verifying that citcd2H will not trip for out of zone faults.

It can be also concluded that the protection anfjests proposed in the PIA report have no material
adverse impact on the IESO-controlled grid withpezs to relay margins.

Relay margin violations on the D3K circuit for tR&02X contingency as outlined in the original SIAs
have not been studied in this Addendum. Hydro QuklBSO continue to work together to develop
appropriate protection solutions to mitigate tkisuie.

6.9 Special Protection Scheme (SPS)

The Northeast 115 kV Load and Generation Reje@icmeme was designed to address the problem of
excess generation being imposed on the underlyibk¥ system under contingency conditions
involving the 500 kV, 230 kV and 115 kV Systemsthasf Sudbury.

Due to the MW capacity of the projects and thedatimn in the Northeast power system, the proposed
project must be added to the NE 115 kV L/R & G/R&ue to help address post-contingency thermal
overloading of the H6T and H7T circuits, as welt@a&elp respect existing post-contingency
operating limits at Ansonville TS. The G/R for tiagility must be initiated upon the detection of th
P502X, P91G, C3H, A4H, A5H, A4H & A5H, H6T, H7T, A& H7T, H1L91 IBO and Ansonville

T2 contingencies.
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North East 115 kV L/R & G/R Scheme
INPUT: CONTINGENCY SIGNALS
@]

o a
5 5 | F
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i X1 o s &S| a | <
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|; ) ] -
5 | new. I\_/Iartm s Meadows, Empire, x Ix IxIx Ix Ix|x |x |x X X
& Abitibi, Long Lake
8 Long Sault Rapids NUG X X X X | X | X | X X

Cochrane Power NUG X X X | X [ X]| X | X |X X X

Tunis NUG X1 X X | X | X | X X

X|— Existing [X]- New
Figure 15: Modifications to the NE 115 kV L/R & G/R Scheme

Special protection system facilities must be insthht the projects to accept a single pair (A 80B)
G/R signals from the Northeast 115 kV L/R & G/R SB&d disconnect from circuit C2H with no
intentional time delay, when armed by the IESOdieihg a triggering contingency. These special
protection system facilities must also comply vt NPCC Directory #7 for 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-adjaceriical mounting assemblies or enclosures. Also,
two independent trip coils are required on breakesare part of the SPS. The applicant must
provide two dedicated communication channels, seedmphysically and geographically diverse,
between the projects and the Northeast 115 kV LIG&/R SPS.

To disconnect the project from the system for GiRwltaneous tripping of all 115 kV breakers at the
connection point and the individual project sitealkbe initiated with no accompanying breaker
failure response. After being tripped by the Noastel15 kV L/R & G/R SPS, the closing of the
breakers is not permitted until approval is obtdifrem the IESO.

Alternative solutions to disconnect the projectrirthe system for G/R may be acceptable upon the
approval from the IESO.

-End of Report-
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Figure 1: Proposed Connection Arrangement
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Figure 2: X503E - 3 Phase Fault @ Hanmer
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Figure 3: P502X - 3 Phase Fault @ Hanmer
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Figure 4: H7T — LLG Fault @ Hunta
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Figure 5: P13T — LLG Fault @ Porcupine
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Figure 10: NP Solar Abitibi Inverter Terminal Volt age for Studied Contingencies
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PIA — Solar Generator on C2H Project Revision: RO

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 February 24, 2012
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PIA — Solar Generator on C2H Project Revision: RO

EXECUTIVE SUMMARY

Gj % Proposed 40 MVA Generation
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*Note: Drawing is not to scale ISLAND FALLS JCT HUNTA C2H-C3H JCT

Figure 1: 40 MVA Solar Generation Connection to HO NI Transmission System

It is feasible for Northland Wind Farm to connect the proposed 40 MW generation at the location in Figure 1 as
long as the proposed changes are made:

PROTECTION HARDWARE

With the Abitibi Demerger from OPG (anticipated in-service date is August 2013), line C2H will be re-terminated
at Pinard TS. The relays at both terminal stations are being replaced through the demerger project.

PROTECTION SETTING

The existing Zone 1 reaches at both terminal stations will be modified to accommodate the new connection.
The existing Zone 2 reaches at both terminal stations will be modified to cover the maximum apparent
impedance due to the connection of the Northland Solar Generators. The existing permissive overreaching
scheme will have to be converted into a direct comparison blocking scheme.

TELECOMMUNICATIONS

New dual telecommunication links shall be established to transmit protection signals to both terminal stations in
order to achieve effective fault clearance. The provision of the new telecommunication facilities required to
facilitate this generation connection is responsibility of the proponent, subject to final design considerations by
Hydro One.

NORTHLAND POWER RESPONSIBILITIES

The customer shall provide a redundant distance protection scheme to cover faults on C2H and shall be
responsible to reliably disconnect their equipment for a fault on the line in case of a single contingency in their
equipment. The customer is responsible for transmitting transfer trip, breaker fail, blocking and GEO signals.
Conversely, the customer shall accept transfer trip signals from HONI terminal station and initiate its protection
breaker failure in the event of line protection operation, and/or terminal station breaker failure operation.
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