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System Impact Assessment Report

Grand Renewable Energy Park Project
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IESO

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

Approval of the proposed connection is based on information provided to the IESO by the connection
applicant and the transmitter(s) at the time the assessment was carried out. The IESO assumes no
responsibility for the accuracy or completeness of such information, including the results of studies carried
out by the transmitter(s) at the request of the IESO. Furthermore, the connection approval is subject to
further consideration due to changes to this information, or to additional information that may become
available after the approval has been granted. Approval of the proposed connection means that there are no
significant reliability issues or concerns that would prevent connection of the proposed facility to the
IESO-controlled grid. However, connection approval does not ensure that a project will meet all
connection requirements. In addition, further issues or concerns may be identified by the transmitter(s)
during the detailed design phase that may require changes to equipment characteristics and/or
configuration to ensure compliance with physical or equipment limitations, or with the Transmission
System Code, before connection can be made.

This report has not been prepared for any other purpose and should not be used or relied upon by any
person for another purpose. This report has been prepared solely for use by the connection applicant and
the IESO in accordance with Chapter 4, section 6 of the Market Rules. The IESO assumes no
responsibility to any third party for any use, which it makes of this report. Any liability which the IESO
may have to the connection applicant in respect of this report is governed by Chapter 1, section 13 of the
Market Rules. In the event that the IESO provides a draft of this report to the connection applicant, you
must be aware that the IESO may revise drafts of this report at any time in its sole discretion without
notice to you. Although the IESO will use its best efforts to advise you of any such changes, it is the
responsibility of the connection applicant to ensure that it is using the most recent version of this report.

HYDRO ONE

Special Notes and Limitations of Study Results

The results reported in this study are based on the information available to Hydro One, at the time of the
study, suitable for a System Impact Assessment of a new generation or load connection proposal.

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

This study does not assess the short circuit or thermal loading impact of the proposed connection on
facilities owned by other load and generation (including OPG) customers.

In this study, short circuit adequacy is assessed only for Hydro One breakers and does not include other
Hydro One facilities. The short circuit results are only for the purpose of assessing the capabilities of
existing Hydro One breakers and identifying upgrades required to incorporate the proposed connection.
These results should not be used in the design and engineering of new facilities for the proposed
connection. The necessary data will be provided by Hydro One and discussed with the connection
proponent upon request.

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

The additional facilities or upgrades which are required to incorporate the proposed connection have been
identified to the extent permitted by a System Impact Assessment under the current IESO Connection
Assessment and Approval process. Additional facility studies may be necessary to confirm
constructability and the time required for construction. Further studies at more advanced stages of the
project development may identify additional facilities that need to be provided or that require upgrading.
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GRAND RENEWABLE ENERGY PARK PROJECT

IESO SYSTEM IMPACT ASSESSMENT

SIA Findings

Samsung Renewable Energy Inc. is developing a new 254 MW (154 MW wind and 100 MW solar) power
generation system, Grand Renewable Energy Park (GREP), in Haldimand County, Nanticoke, Ontario.
The project is one of the renewable energy developments resulted from the agreement between Ontario
government and the Korean consortium. The new generation facility is expected to start commercial
operation in December 2012.

Summary

This assessment examined the impact of injecting 254 MW of wind and solar power generation to the
provincial grid, via the 230kV circuit N5M, on the reliability of the IESO-controlled grid.

The following conclusions and recommendations were made:

Conclusions and Recommendations

Conclusions:
The analysis concluded that:

(1) The proposed wind farm does not have a material adverse impact on the reliability of the IESO-
controlled grid.

(2) The proposed project does not cause new violations of existing circuit breaker interrupting
capabilities on the IESO-controlled grid.

(3) The main step up transformers (166 MVA and 108 MVVA) may limit the full output for the wind and
solar farms.

(4) The 230 kV over-head line, underground cable and 230 kV breakers don’t have required maximum
continuous voltage rating of at least 250 kV. The proponent confirmed that final equipment selections
will be made to ensure compliance to the maximum 250 kV voltage level for the main breaker and 230
KV underground cable.

(5) The reactive capability of the solar inverters and wind turbine generators along with the impedance
between the wind turbine generators and the IESO-controlled grid results in a reactive power
deficiency at the connection point.

(6) No overloads were identified. but the pre-contingency flows on the 230 kV circuits Q23BM/Q25BM
approach the continuous ratings, and post-contingency flows on the 230 kV circuits Q23BM/Q25BM,
R14T/R17T and R19TH/R21TH approach Long Term Emergency ratings.



System Impact Assessment Report CAA 1D 2010-399

(7) For all contingency cases tested with the proposed GREP in service, the voltage decline criteria are
met.

(8) With the proposed project in service, none of the recognized contingencies cause any material adverse
impact to the transient performance of the IESO-controlled grid.

(9) Based on the information provided by the applicant, the fault ride through capabilities of the wind
turbines and solar inverters are adequate.

Recommendations:

(1) It is recommended that the main step up transformers have higher ratings than proposed in GREP
project. If system requires full reactive output the active power of the wind farm/solar farm may
need to be reduced as a result of transformer restriction. The proponent acknowledges the
concerns and accepts to operate the transformers at higher ratings or reduce the output of the
facility if required.

(2) Since the Wind Farm Management System (WFMS) must coordinate the voltage control process,
it is recommended that all WTGs control the PCC voltage to a reference value, reactive power
compensation devices are automatically controlled/switched to regulate the overall WTGs’
reactive power generation to around zero output, while the WF main transformer ULTC is
adjusted to regulate the collector bus voltage such that it is within normal range. Once the WFMS
description document is provided to the IESO, we will assess if the voltage control philosophy is
acceptable.

IESO’s Requirements for Connection

Transmitter Requirements
The following requirements are applicable for Hydro One for the incorporation of GREP project:

(1) The transmitter changes the relay settings of N5SM terminal stations to account for the effect of the
wind farm.

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

Applicant Requirements

Specific Requirements: The following specific requirements are applicable to the applicant for the
incorporation of GREP project. Specific requirements pertain to the level of reactive compensation needed,
operation restrictions, Special Protection System, upgrading of equipment and any project specific items not
covered in the general requirements:
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(1) The wind/solar farm is required to have the capability to inject or withdraw reactive power

)

©)

continuously (i.e. dynamically) at a connection point up to 33% of its rated active power at all levels
of active power output.

Based on the equivalent parameters for the generation system provided by the connection applicant,
the IESO’s simulations resulted in the following:

e dynamic compensation of -33 /+48 Mvar (i.e. SVC) installed at the solar collector bus to
compensate for the dynamic reactive power capability of the facility will satisfy the dynamic
reactive power requirement.

e astatic compensation device of 50 Mvar in steps no larger than 10 Mvar, installed at the wind
collector bus to compensate for the losses within the facility will satisfy the static reactive
power requirement. The capacitors will need to be auto-switched via the Wind Farm
Management System.

The connection applicant is required to provide the model for the dynamic reactive power
compensation device to the IESO.

The connection applicant has the obligation to ensure that GREP GS has the capability to meet the
MR requirement at the connection point and be able to confirm this capability during the
commission tests.

The applicant is required to provide a copy of the functionalities of the Wind Farm Management
System (WFMS) to the IESO.

Based on the Protection Impact Assessment performed by Hydro One, to overcome relaying
difficulties, both the wind generation and solar generation step-up transformers are required to have
the primary windings (high voltage) ungrounded. The proponent agreed that the transformers
configuration will be Y/y-grounded/delta for the 230/34.5/13.8 kV transmformers.

General Requirements: The proposed connection must comply with all the applicable requirements from
the Transmission System Code (TSC), IESO Market Rules and standards and criteria. The most relevant
requirements are summarized below and presented in more detail in Section 2 of this report.

()

)

©)
(4)

Q)

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

All 230kV equipment must have a maximum continuous voltage rating and the ability to interrupt
fault current at a voltage of at least 250 kV.

Any revenue metering equipment that is installed must comply with Chapter 6 of the Market Rules.

Equipment must sustain increase fault levels due to future system enhancements. Should future
system enhancements result in fault levels exceeding equipment capability, the applicant is required
to replace equipment at its own expense with higher rated equipment, up to 63 kA as per the
Transmission System Code for the 230 kV system.

The 230 kV breakers must meet the required interrupting time of less than or equal to 3 cycles as per
the Transmission System Code.
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(6)  The connection equipment must be designed such that adverse effects due to failure are mitigated on
the IESO-controlled grid.

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

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

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

(10)  Protective relaying must be configured to ensure transmission equipment remains in service for
voltages between 94% of minimum continuous and 105% of maximum continuous values as per
Market Rules, Appendix 4.1.

(11) Although the SIA has found that a Special Protection Scheme (SPS) is not required for GREP
project, provisions must be made in the design of the protections and controls at the facility to allow
for the installation of Special Protection Scheme equipment. Should a future SPS be installed to
improve the transfer capability in the area or to accommodate transmission reinforcement projects,
GREP will be required to participate in the SPS system and to install the necessary protection and
control facilities to affect the required actions.

(12) Protection systems within the generation facility must only trip appropriate equipment required to
isolate the fault. After the facility begins commercial operation, if an improper trip of the 230 kV
circuit N5M occurs due to events within the facility, the facility may be required to be disconnected
from the IESO-controlled grid until the problem is resolved.

(13) The autoreclosure of the new 230kV breakers at GREP main transformers must be blocked. Upon its
opening for a contingency, it must be closed only after the IESO approval is granted. The IESO will
require reduction of power generation prior to the closure of breaker, followed by gradual increase
of power to avoid a power surge.

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

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

(16) Mathematical models and data, including any controls that would be operational, must be provided
to the IESO through the IESO Facility Registration/Market Entry process at least seven months
before energization from the IESO-controlled grid. That includes both PSS/E and DSA software
compatible mathematical models representing the new equipment for further IESO, NPCC and
NERC analytical studies. The connection applicant may need to contact the software manufacturers
directly, in order to have the models included in their packages. If the data or assumptions supplied
for the registration of the facilities materially differ from those that were used for the assessment,

9
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then some of the analysis might need to be repeated. During the commissioning period, a set of
IESO specified tests must be performed. The commissioning report must be submitted to the IESO
within 30 days of the conclusion of commissioning. Field test results should be verifiable using the
PSS/E models used for this SIA.

The registration of the new facilities will need to be completed through the IESO’s Market Entry
process before IESO final approval for connection is granted and any part of the facility can be
placed in-service. During the IESO’s Market Entry process, the connection applicant will be
required to demonstrate to the IESO that all requirements identified in this SIA report have been
satisfied.

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

During the commissioning period, a set of IESO specified tests must be performed. The
commissioning report must be submitted to the IESO within 30 days of the conclusion of
commissioning. Field test results should be verifiable using the PSS/E models used for this SIA

The proposed facility must be compliant with applicable reliability standards set by the North
American Electric Reliability Corporation (NERC) and the North East Power Coordinating Council
(NPCC) prior to energization to the IESO controlled grid.

Notification of Conditional Approval

From the information provided, our review concludes that the proposed changes will not result in a
material adverse effect on the reliability of the IESO-controlled grid.

It is recommended that a Notification of Conditional Approval be issued for GREP subject to the
implementation of the requirements listed in this report.

10
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1.Project Description

Samsung Renewable Energy Inc. has proposed to develop a 254 MW wind and solar generation system
located in Haldimand County, Nanticoke, Ontario, known as Grand Renewable Energy Park (GREP).

The project is one of the renewable energy developments resulted from the agreement between Ontario
government and the Korean consortium. The new generation facility is expected to start commercial
operation in December 2012.

GREP will be connected to Hydro One’s 230 kV circuit NSM via a new tap connection through a breaker.
The tap position will be about 19.5 km away from Nanticoke TS. GREP substation will be located about
20 km from the new tap position.

The GREP is comprised of a combination of a 100 MW solar farm and a 154 MW wind farm. Each of the
generators (69 individual 2.3MW Siemens WTGs and the 200 SMA 500HE-US solar inverters) will have

step up transformers to 34.5 kV and be connected to one of two collector substations, one for the wind and
one for solar. The wind collect substation will have six collector feeders while the solar will have five.

The wind and solar 34.5 kV electrical distribution systems will be kept separate but located on a common
site. The wind collector bus will be connected to a 100/133/166 MV A, 230/34.5 kV transformer while the
solar collector bus will be connected to a 65/86/108 MV A, 230/34.5 kV transformer. Both transformers
will be connected to the 230 kV circuit N5SM through the 20 km tap line (19.3 km overhead circuit and 0.7
km underground cable).

The wind turbines will be Siemens SWT 2.3 VS wind turbine generators with a rated power output of 2.22
MW each. Two back-to-back AC/DC links and a 2.6 MVA, 0.06 pu reactance (on 2.6 MVA base),
0.69/34.5 kV transformer connects each generator to one of the six 34.5 kV collector circuits C1, C2, C3,
C4, C5or C6.

The solar inverters will be SMA 500HE-US rated 500 kW. The set-up transformer will be an outdoor oil
filled pad-mounted transformer 1000 kVA rated 34.5kV wye to two 500 kVVA rated 208 V delta connected
secondaries (Dual secondary windings). The proposed impedance is 5% on each HV-LV winding.

Each collector circuit will have the following number of generators:

Collector Station Wind Solar

Circuit ID C1 C2 | C3| C4 C5 C6 C1 C2 C3 C4 C5
Number of generators 11 11 13 11 12 11 40 40 40 40 40
Maximum MW 244 | 244|289 | 244 | 266 | 244 | 20 20 20 20 20

— End of Section —

11
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2.General Requirements

Generators

Each generator must satisfy the Generator Facility requirements in Appendix 4.2 of Market Rules. |

The Market Rules (appendix 4.2) require that the generation facility directly connecting to the IESO-
controlled grid must have the capability to operate continuously between 59.4Hz and 60.6Hz and for a
limited period of time in the region above straight lines on a log-linear scale defined by the points (0.0s,
57.0Hz), (3.3s, 57.0Hz), and (300s, 59.0Hz).

The generators shall respond to frequency increase by reducing the active power with an average droop
based on maximum active power adjustable between 3% and 7% and set at 4% . Regulation deadband
shall not be wider than = 0.06%. A sustained 10% change of rated active power after 10 s in response to a
constant rate of change of frequency of 0.1%/s during interconnected operation shall be achievable.

The generators shall respond to frequency decline by temporary boosting their active power output by
recovering energy from the rotating blades. It is not required for wind facilities to “spill” wind to provide a
sustained response to frequency decline.

The generators must be able to ride through routine switching events and design criteria contingencies
assuming standard fault detection, auxiliary relaying, communication, and rated breaker interrupting times
unless disconnected by configuration.

The generation facility directly connecting to the IESO-controlled grid must have the minimum capability
to supply continuously all levels of active power output for 5% deviations in terminal voltage. Rated
active power is the smaller output at either rated ambient conditions (e.g. temperature, head, wind speed,
solar radiation) or 90% of rated apparent power. To satisfy steady-state reactive power requirements,
active power reductions to rated active power are permitted. the generation facility must have the
capability to inject or withdraw reactive power continuously (i.e. dynamically) at a connection point up to
33% of its rated active power at all levels of active power output except where a lesser continually
available capability is permitted by the IESO.

If necessary, shunt capacitors must be installed to offset the reactive power losses within the facility in
excess of the maximum allowable losses. If generators do not have dynamic reactive power capabilities as
described above, dynamic reactive compensation devices must be installed to make up the deficient
reactive power.

Connection Equipment (Breakers, Disconnects, Transformers, Buses)

1. Appendix 4.1, reference 2 of the Market Rules states that under normal conditions voltages are
maintained within the range of 220 kV to 250 kV. Thus, the IESO requires that the 230 kV
equipment in Ontario must have a maximum continuous voltage rating of at least 250 kV.
Fault interrupting devices must be able to interrupt fault current at the maximum continuous
voltage of 250 kV.

12
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If revenue metering equipment is being installed as part of this project, please be aware that revenue
metering installations must comply with Chapter 6 of the IESO Market Rules for the Ontario electricity
market. For more details the applicant is encouraged to seek advice from their Metering Service Provider
(MSP) or from the IESO metering group.

2. The Transmission System Code (TSC), Appendix 2 establishes maximum fault levels for the
transmission system. For the 230 kV system, the maximum 3 phase symmetrical fault level is 63
kA and the single line to ground (SLG) symmetrical fault level is 80 kA (usually limited to 63 kA).

The TSC requires that new equipment be designed to sustain the fault levels in the area where the
equipment is installed. If any future system enhancement results in an increased fault level higher
than the equipment’s capability, the connection applicant is required to replace the equipment at
their own expense with higher rated equipment capable of sustaining the increased fault level, up to
the TSC’s maximum fault level of 63 kA for the 230 kV system.

3. The Transmission System Code (TSC), Appendix 2 states that the maximum rated interrupting time
for 230 kV breakers must be < 3 cycles. The connection applicant shall ensure that the new
breakers meet the required interrupting time as specified in the TSC.

4. The connection equipment must be designed so that the adverse effects of failure on the
IESO-controlled grid are mitigated.

5. The connection equipment must be designed so that it will be fully operational in all reasonably
foreseeable ambient temperature conditions.

IESO Monitoring and Telemetry Data

In accordance with the telemetry requirements for a generation facility (see Appendices 4.15 and 4.19 of
the Market Rules) the connection applicant must install equipment at this project with specific
performance standards to provide telemetry data to the IESO. The data is to consist of certain equipment
status and operating quantities which will be identified during the IESO Market Entry Process.

As part of the IESO Facility Registration/Market Entry process, the connection applicant must also
complete end to end testing of all necessary telemetry points with the IESO to ensure that standards are
met and that sign conventions are understood. All found anomalies must be corrected before IESO final
approval to connect any phase of the project is granted.

Protection Systems

1. Protection systems must be designed to satisfy all the requirements of the Transmission System
Code as specified in Schedules E, F and G of Appendix 1 (version B) and any additional
requirements identified in the Protection Impact Assessments (PIA) by the transmitter. New
protection systems must be coordinated with existing protection systems.

2. Protective relaying must be set to ensure that transmission equipment remains in-service for
voltages between 94% of the minimum continuous and 105% of the maximum continuous values

13
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in the Market Rules, Appendix 4.1.

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

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

Send documentation for protection modifications triggered by new or modified primary equipment
(i.e. new or replacement relays) to connection.assessments@ieso.ca.

For protection modifications that are not associated with new or modified equipment (i.e.
protection setting modifications) please send documentation to protection.settings@ieso.ca.

5. Protection systems within the generation facility must only trip the appropriate equipment required
to isolate the fault. After the facility begins commercial operation, if an improper trip of the 230
kV circuit N5SM occurs due to events within the facility, the facility may be required to be
disconnected from the IESO-controlled grid until the problem is resolved.

6. The autoreclosure of the new 230 kV breakers at the connection point must be blocked. Upon its
opening for a contingency, it must be closed only after the IESO approval is granted. The IESO will
require reduction of power generation prior to the closure of the breaker followed by gradual
increase of power to avoid a power surge.

Miscellaneous

1. The generators must operate in the voltage control mode. Operation of the facility in power factor
control or reactive power control is not acceptable.

2. The connection applicant is required to install at the facility a disturbance recording device with
clock synchronization that meets the technical specifications provided by Hydro One. The device
will be used to monitor and record the response of the facility to disturbances on the 230 kV system
in order to verify the dynamic response of generators. The quantities to be recorded, the sampling
rate and the trigger settings will be provided by Hydro One.

Facility Registration/Market Entry Requirements

14
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1. The registration of the new facilities will need to be completed through the IESO’s Market Entry
process before IESO final approval for connection is granted and any part of the facility can be
placed in-service. During the [IESO’s Market Entry process, the connection applicant will be
required to demonstrate to the IESO that all requirements identified in this SIA report have been
satisfied.

The connection applicant must complete the IESO Facility Registration/Market Entry process in a timely
manner before IESO final approval for connection is granted. Models and data, including any controls
that would be operational, must be provided to the IESO. This information should be submitted at least
seven months before energization to the IESO-controlled grid, to allow the IESO to incorporate this
project into IESO work systems and to perform any additional reliability studies.

As part of the IESO Facility Registration/Market Entry process, the connection applicant must provide
evidence to the IESO confirming that the equipment installed meets the Market Rules requirements and
matches or exceeds the performance predicted in this assessment. This evidence shall be either type tests
done in a controlled environment or commissioning tests done on-site. In either case, the testing must be
done not only in accordance with widely recognized standards, but also to the satisfaction of the IESO.
Until this evidence is provided and found acceptable to the IESO, the Facility Registration/Market Entry
process will not be considered complete and the connection applicant must accept any restrictions the
IESO may impose upon this project’s participation in the IESO administered market or connection to the
IESO-controlled grid.

During the commissioning period, a set of IESO specified tests must be performed. The commissioning
report must be submitted to the IESO within 30 days of the conclusion of commissioning. Field test results
should be verifiable using the PSS/E models used for this SIA. Failure to provide evidence may result in
disconnection from the IESO-controlled grid.

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

Reliability Standards

Prior to connecting to the IESO controlled grid, the proposed facility must be compliant with the
applicable reliability standards set by the North American Electric Reliability Corporation (NERC) and the
North East Power Coordinating Council (NPCC). A list of applicable standards, based on the
proponent’s/connection applicant’s market role/OEB licence can be found here:

http://www.ieso.ca/imoweb/ircp/reliabilityStandards.asp

In support of the NERC standard EOP-005, the proponent/connection applicant may need to meet the
restoration participant criteria. Please refer to section 3 of Market Manual 7.8 (Ontario Power System
Restoration Plan) to determine its applicability to the proposed facility.

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

above or write to ircp@ieso.ca.

Also, to obtain a better understanding of the applicable reliability obligations and find out how to engage
in the standards development process, we recommend that the proponent/ connection applicant join the
IESO’s Reliability Standards Standing Committee (RSSC) or at least subscribe to their mailing list at
rssc@ieso.ca. The RSSC webpage is located at: http://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 in Figure 1.

I NSM 230 kV |
Nanticoke SS Middleport TS
| 19.5 km
Y 19.3 km O/H Transmission Line
0.7 km U/G Cable ———> /
y N
Wind Farm Solar Farm
A )\ T1 A /K 72
H}_y\ 100/133/166 MVA “’—j\ 65/86/108 MVA
* 230/34.5/13.8 kV 34.5 kV Bus * 230/34.5/13.8 kV
Circuit #1 Circuit #2 Circuit #3  Circuit #4 Circuit #5 Circuit #6  §c  Circuit #1 Circuit #2 Circuit #3  Circuit #4  Circuit #5

11 WIGs 13 WTGs 11 WTGs 12WTGs 11 WTGs

el o
DN scsoolﬁ-lf %

=

Siemens 200V 500 kW
SWT2.3-101 l 40 inverters (20 MW) per circuit
2.22 MW
ooV Gl G2 G3 GI10 Gl

Figure 1: Proposed Connection Arrangement
The initial proposed main step-up transformer configuration was Y-grounded/Y-grounded/Delta as shown

in Figure 1. Based on the study results from the Protection Impact Assessment it is required to leave the HV
winding ungrounded. This will be discussed in Chapter 4.
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3.2 Existing System

GREP is proposed to connect to the existing Hydro One 230 kV circuit N5M between Nanticoke SS and
Middleport TS. The graphs below display the MW flow out N1M, N2M and N5M at Nanticoke SS and 230 kV
voltages at Nanticoke SS and Middleport TS. These are hourly average samples from Jan 1 to Dec 31, 2010
obtained from IESO real-time data. For MW flow graphs, positive values mean flow out of the station.
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Figure 2: MW flow on N1M at Nanticoke SS

700.
600.
500.
400.
300.
200.
100.

MW

-100.

500.

400.

300.

MwW

200.

100.

-100.

17



System Impact Assessment Report

255.

250.

245.

kv

235.

230.

225.

255.

250.

245.

kv

240.

235.

230.

225.

240.

Figure 4: MW flow on N5M at Nanticoke SS
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Figure 5: 230 kV Voltage at Nanticoke SS

Figure 6: 230 kV Voltage at Middleport TS

The following can be observed.

Average voltage (kV) 244.8
520.2
Nanticoke SS NIM MW (max flow)
M2M MW (max flow) 618.0
N5M MW (max flow) 448.6
Middleport TS Average voltage (kV) 244.9
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4. Data Verification

4.1 Tap Line

CAA 1D 2010-399

Specifications of the 230 kV tap line provided by the connection applicant are listed below.

Overhead Line Underground Cable
Voltage (kV) 240 245
Rating (A) 905 850
Length (km) 19.3 0.7
Impedance (Q/km) 0.0738+j0.4843 j0.0361
Charging 0.2960 MQ-km 0.1554 pF/km

It should be noted that the max voltage rating for the underground cable is 245 kV which does not meet
Market Rules requirements, i.e., all 230 kV equipment must have a maximum continuous voltage rating of
at least 250 kV.

4.2 Generator

A generator connecting to the IESO-controlled grid must have the capability to perform the following
unless specified otherwise.

e Supply continuously all levels of active power output for 5% deviations in terminal voltage.
Rated active power is the smaller output at either rated ambient conditions (e.g. temperature, head,
wind speed, solar radiation) or 90% of rated apparent power. To satisfy steady-state reactive
power requirements, active power reductions to rated active power are permitted.

¢ Inject or withdraw reactive power continuously (i.e. dynamically) at a connection point up to 33%
of its rated active power at all levels of active power output except where a lesser continually
available capability is permitted by the IESO.

The details of the generator data used in this assessment are given below:

Siemens SWT-2.3- 60 Hz variable speed wind turbine

Voltage 0.69 kv

Rating 2.221 MW

Power Factor 0.9 leading — 0.9 lagging
SMA 500HE-US solar inverter

Voltage 0.2 kV

Rating 500 kw

Power Factor 1

4.3 Transformer

Specifications for the 34.5/230 kV step-up transformers are listed below.
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Wind Solar
Transformation (kV) 240/34.5/13.8 240/34.5/13.8
Rating (MVA) 100/133/166 65/86/108
Impedance 0.18+)8.998% (100 MVA base) 0.182+j7.748% (65 MVA base)
Configuration Y/Y-grounded/A Y/Y-grounded/A
Tapping +16x1.25% ULTC +16x1.25% ULTC

The capacities of wind farm and solar farm are 154 MW and 100 MW, respectively. The main step up
transformers (166 MVA and 108 MVA) may limit the full output. It is recommended that the main step
up transformers have higher ratings than proposed. The proponent acknowledges the concerns and accepts
to operate the transformers at higher ratings or reduce the output of the facility if required.

It should be noted that based on the Protection Impact Assessment performed by Hydro One, to overcome
relaying difficulties it is required to leave the HV windings on both the wind generation and solar
generation step-up transformers ungrounded. The proponent agreed that the transformers configuration
will be Y/Y-grounded.

4.4 Circuit Breakers and Switches

Specifications of the isolation devices provided by the connection applicant are listed below.

Breakers and switches LV HV
Rated line-to-line voltage (kV) 34.5 245
Interrupting time (ms) N/A 33
Rated continuous current (A) 2000/1200 1200
Rated short circuit breaking current (kA) 31 63

It should be noted that the max voltage rating for the HV breakers is 245 kV which does not meet Market
Rules requirements, i.e., all 230 kV equipment must have a maximum continuous voltage rating of at least
250 kV.

4.5 Collector System

The 34.5 kV collector system equivalent circuit impedance including the pad mount transformers provided
by the connection applicant are listed as follows:

Wind Solar
Feeder | Equivalent Impedance(pu) | Charging | quélvalent Charging
# (Mvar) I S5EIRE ), (Mvar)
R X R X
1 0.051 0.139 N/A 0.018 0.014 N/A
2 0.032 0.077 N/A 0.024 0.020 N/A
3 0.062 0.220 N/A 0.031 0.025 N/A
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0.100 0.431 N/A 0.037 0.031 N/A
0.036 0.104 N/A 0.037 0.031 N/A
0.127 0.601 N/A

Per unit data are based on 100 MVA & 34.5 kV.

— End of Section —
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5. Fault Level Assessment

Fault level studies were completed by Hydro One to examine the effects of the GREP on fault levels at
existing facilities in the area. Studies were performed to analyze the fault levels with and without GREP
and other proposed projects in the surrounding area. Studies were carried out with the following facilities
and system assumptions:

Niagara, South West, West Zones:

e All hydraulic generation

e 6 Nanticoke

e 2 Lambton

e Brighton Beach (J20B/J1B)

e Greenfield Energy Centre (Lambton SS)

e St Clair Energy Centre (L25N & L27N)

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

o Imperial Oil (N6S/N7S)

e Thorold GS (Q10P)

Central, East Zones:

e All hydraulic generation

e 6 Pickering units

e 4 Darlington units

e 4 Lennox units

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

e Portlands GS (Hearn SS)

¢ Kingston Cogen

e TransAlta Douglas (44 kV buses at Bramalea TS)

Northwest, Northeast Zones:
e All hydraulic generation

e 1 Atikokan

e 2 Thunder Bay

e NP Iroquois Falls

e AP Iroquois Falls

o Kirkland Lake

e 1 West Coast (G2)

e Lake Superior Power

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

8 Bruce units (Bruce G1 and Bruce G2 maximum capacity @ 835 MW)

4 Bruce B Standby Generators

All constructed wind farms including:

Erie Shores WGS (WT1T)

Kingsbridge WGS (embedded in Goderich TS)

Amaranth WGS — Amaranth | (B4V) & Amaranth Il (B5V)
Ripley WGS (B22D/B23D)

Prince | & Il WGS (K24G)

Underwood (B4V/B5V)

Kruger Port Alma (C24Z2)

Wolf Island (injecting into X4H)

New Generation Facilities:
Committed wind generation:

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

Kruger Energy Chatham Wind Project (C24Z)
Raleigh Wind Energy Centre (C232)

Talbot Wind Farm (W45LC)

Greenfield South GS (R24C)

Other committed generation projects:

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 #1 115 kV bus)
Lower Mattagami Expansion

All renewable generation projects awarded FIT contracts

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 circuit. Birch to Bayfield: Replace 115 kV cables.

Uprate circuits D9HS, D10S and Q11S

CAA 1D 2010-399

Hurontario SS in service with R19T+V41H open from R21T+V42H (230 kV circuits V41H and
V42H extended and connected from Cardiff TS to Hurontario SS). Huronontario SS to Jim

Yarrow 2x3km 230 kV circuits in-service
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Cherrywood TS to Claireville TS: Unbundle the two 500 kV super-circuits (C551VP & C550VP)
Allanburg x Middleport 230 kV circuits (Q35M and Q26M) installed
Claireville TS: Reterminate circuit 230 kV V1RP to Parkway V71P Reterminate circuit 230 kV
V72R to Cardiff(V41H)
One 250 Mvar (@ 250 kV) shunt capacitor bank installed at Buchanan TS
LV shunt capacitor banks installed at Meadowvale
Modeling of Michigan system with short circuit equivalent provided by International
Transmission Company (ITC).
1250 MW HVDC line ON-HQ in service
Tilbury West DS second connection point for DESN arrangement using K2Z and K6Z
Second 500kV Bruce-Milton double-circuit line in service. Double-circuit line from the Bruce
Complex to Milton TS with one circuit originating from Bruce A and the other from Bruce B
Windsor area transmission reinforcement:
230 kV transmission line from Sandwich JCT (C21J/C22J) to Lauzon TS
New 230/27.6 DESN, Leamington TS, that will connect C21J and C22J and supply part of the
existing Kingsville TS load
Replace Keith 230/115 kV T11 and T12 transformers
115 kV circuits J3E and J4E upgrades
Woodstock Area transmission reinforcement:
o Karn TS in service and connected to M31W & M32W at Ingersol T
o  W7W/W12W terminated at LFarge CTS
o Woodstock TS connected to Karn TS
Nanticoke and Detweiler SVCs
Series capacitors at Nobel SS in each of the 500 kV circuits X503 & X504E to provide 50%
compensation for the line reactance
Lakehead TS SVC
Porcupine TS & Kirkland Lake TS SVC
Porcupine TS: Install 2x125 Mvar shunt capacitors
Essa TS : Install 250 Mvar shunt capacitor
Hanmer TS: Install 149 Mvar shunt capacitor
Pinard TS: Install 2x30 Mvar LV shunt capcitors
Upper Mattagami expansion
Fort Frances TS: Install 22 Mvar moveable shunt capacitor
Dryden TS: Install shunt capacitors
Lower Mattagami Expansion — H22D line extension from Harmon 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 required in the Portlands SIA
Napanee TS 230 kV operated open

Cherrywood TS north & south 230kV buses operated open
Cooksville TS 230 kV bus operated open

Richview TS 230 kV bus operated open

Burlington 115 kV bus operated open
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Allanberg 115 kV bus operated open

All capacitors in service

All tie-lines in service and phase shifters on neutral taps
Maximum voltages on the buses

The following table summarizes the fault levels near Nanticoke area before and after GREP and other
projects and corresponding breaker ratings.

Before GREP and other new projects After GREP and other new Lowest Breaker
i/s projects i/s Ratings (KA)
e 3_ph?ls<; I):ault L-G Fault (kA) C-’)—phzzlitfA I):ault L-G Fault (kA) (at ma\% :)tgggltlonal
Sym. Asym. Sym. | Asym. | Sym. | Asym. | Sym. | Asym. Sym. Asym.
Beach 230 37.7 44.4 35.9 45.7 37.8 44.6 36.0 45.8 41.1 46.2
Beach 115 26.7 32.7 32.3 415 | 26.7 | 32.7 | 323 415 39.3 455
Burlington 230 51.5 61.8 43.6 55.7 | 51.8 | 62.1 | 43.7 55.8 63 75.6
Burlington 115 25.4 321 26.8 351 | 254 | 321 | 285 37.8 39.3 45.5
Middleport 230 46.7 58.7 43.8 57.4 47.1 59.3 44.2 57.9 60 704
Buchanan 230 31.7 37.1 27.0 343 | 318 | 372 | 271 344 39.4 46.2
Buchanan 115 25.0 29.8 27.8 34.9 25.1 | 29.8 | 291 36.7 39.3 45.5
Nanticoke 230 40.9 58.2 40.1 59.5 | 423 | 60.1 | 424 62.8 54.3 65.6
Detweiler 230 224 26.1 19.5 248 | 227 | 265 | 19.7 25.0 40 42.1
Detweiler 115 23.7 27.3 26.6 343 | 241 | 278 | 27.0 33.1 39.3 455
Beck 230 56.6 77.7 62.0 85.9 | 56.7 | 77.8 | 62.1 86.0 69.5 91
Beck 115 24.1 29.3 28.7 36,5 | 241 | 29.3 | 287 36.5 36 39
Allanburg 115 25.6 30.0 27.9 33.6 | 25,6 | 30.1 | 27.9 33.6 39.3 455

The results show that there are slightly increases in fault levels in the surrounding area of the GREP
project, due to the proposed project. It can be concluded that the proposed project will not cause any new
violations of existing circuit breaker interrupting capabilities on the IESO-controlled grid.

— End of Section —
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6. System Impact Studies

This connection assessment was carried out to identify the effect of the proposed facility on thermal
loading of transmission interfaces in the vicinity, the system voltages for pre/post contingencies, the
ability of the facility to control voltages, and the transient performance of the system.

6.1  Assumptions and Background

A base case with a peak demand of 25,912 MW was the starting point for this study, along with the
following assumptions and modifications:

System Conditions

Ontario demand was scaled to summer 2013 values as shown in the following table:

Demand: 25,912 MW

NW NE Essa Ottawa East Toronto | Niagara SW Bruce* West

604 1221 1541 1840 1491 10099 949 5052 133 3061

All transmission system elements were in service.

The following table summarizes some of the major in-service generation for each scenario.

Generation Station Units In-service
Atikokan 1
Nanticoke

Thunder Bay
Lambton

Bruce

Pickering

Lennox

Darlington

Halton Hills
Thorold

York Energy Centre
Portlands

Sithe Goreway
West Coast

RPOIOININWIAR O~ (N O|IFkrIO1

According to the schedule for Nanticoke GS shut off there will be only four units by the end of 2013. This
study assumed five units and this assumption does not have any negative impact on the study results.

Dispatch Philosophy

Where possible, the following philosophy was used to dispatch units:
e Hydraulic units were put in-service at 90% of their maximum continuous rating
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¢ Nuclear units were put in-service at 100% of their maximum continuous rating
e NUGS units were put in-service at 100% of their maximum continuous rating
e Gas units were put in-service at 100% of their maximum continuous rating

e Wind was placed at 100% of its maximum continuous rating.

Interface Flows

The base case was adjusted to stress the transmission lines from Nanticoke to Toronto. The following table
lists the interface flows for the study scenario.

FABC | BLIP | FETT | QFW
4200 -1500 | 4500 1300

The interfaces are defined as follows:

Interface Definition

FABC Flow Away From the Bruce Complex
BLIP Buchanan Longwood Input

FETT Flow East to Toronto

QFW Queenston Flow West

6.2  Protection Impact Assessment

A Protection Impact Assessment (P1A) was completed by Hydro One to examine the impact of the new
generators on the existing transmission system protections. The existing protections for N5SM at Nanticoke
TS and Middleport TS were described in the PIA report and the proposed connection arrangements and
protections were analyzed.

For the line to ground fault at Middleport 230 kV bus the Nanticoke terminal exhibits zero sequence
current reversal and very high L-G apparent impedance in reverse direction. The step-up transformers
being grounded on the HV side at the GREP facility are the main contributor to the current reversal at the
Nanticoke bus. To overcome the relaying difficulties it is required to leave the HV windings on both the
wind generation and solar generation step-up transformers ungrounded.

The proponent agreed to choose the Y/Y-grounded/Delta as the configuration of the step-up transformer.

The IESO concluded that the proposed protection adjustments have no material adverse impact on the
IESO-controlled grid. The PIA report is attached in Appendix D.

6.3  Special Protection System (SPS)

Although the SIA has found that a Special Protection Scheme (SPS) is not required for GREP project,
provisions must be made in the design of the protections and controls at the facility to allow for the
installation of Special Protection Scheme equipment. Should a future SPS be installed to improve the
transfer capability in the area or to accommodate transmission reinforcement projects, GREP project, will
be required to participate in the SPS system and to install the necessary protection and control facilities to
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affect the required actions.

6.4 Reactive Power Compensation

Market Rules (MR) require that generators inject or withdraw reactive power continuously (i.e.
dynamically) at a connection point up to 33% of its rated active power at all levels of active power output
except where a lesser continually available capability is permitted by the IESO.

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

Typically, the impedance between the WTG and the connection point is larger than 13%. However,
provided the WTG has the capability to provide a reactive power range of 0.90 lagging power factor and
0.95 leading power factor at rated active power, the IESO accepts the WF to compensate for the full
reactive power requirement range at the connection point with switchable shunt admittances (e.g.
capacitors and reactors). If the WTG technology has no capability to supply the full dynamic reactive
power range at its terminal, the shortfall has to be compensated with dynamic reactive power devices (e.g.
SVC).

This section of the SIA indicates how the WF can meet the MR requirements regarding reactive power
capability, but the connection applicant is free to deploy any other solutions which result in compliance
with the MR.

It is the connection applicant’s responsibility to ensure that the WF has the capability to meet the MR
requirement at the connection point and be able to confirm this capability during the commission tests.

6.4.1 Dynamic Reactive Power Compensation

The following summarizes the IESO required level of dynamic reactive power and the available capability
of SWT-2.3 from Siemens document “Reactive Power Capability” (Document PG-R3-30-0000-0113-05).

Active Power Reactive Power Capability/Turbine
Qqen = 2.22 x tan[cos™(0.9)] = 1.08 Mvar
Qubs = 2.22 x tan[cos™(0.95)] = 0.72 Mvar
Qqen = 2.3 x tan[cos™(0.9)] = 1.11 Mvar
Qups = 2.3 x tan[cos™(0.9)] = 1.11 Mvar

IESO Required 1.0 pu

SWT-2.3 Capability 1.0 pu

The SWT-2.3 generators can deliver the IESO required dynamic reactive power to the generator terminal at
rated power and at rated voltage. Thus, the IESO has determined that there is no need to install any
additional dynamic reactive power compensation device.

The following table summarizes the IESO’s adequate level of reactive power from each generator and the

available capability of SMA 500HE-US wind turbine generators, at rated terminal voltage and rated
power.
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Rated | Rated Reactive Power Capability
Voltage | Active
Power
IESO Qumax = 500 x tan[cos™(0.9)] = 242kvar
Requi t 200V | 500 kw
equirements Qnmin = -500 x tan[cos™(0.95)] = -164 kvar

SMA Qmax = 0 kvar
500HE-US 200V | 500 kw

Qmin = 0 kvar

The SMA 500HE-US has no dynamic reactive capability at full real power output and therefore cannot
deliver the required dynamic reactive power. For 200 inverters the requirement is 200 x 0.242 = 48 Mvar
& -200 x 0.164 = -33Mvar.

A dynamic reactive power device with a capability of -33/+48 Mvar installed at the solar collector bus to
compensate for the dynamic reactive power capability of the facility will meet the dynamic reactive power
requirement.

The connection applicant is required to provide the model for the dynamic reactive power compensation
device to the IESO.

6.4.2 Static Reactive Power Compensation

In addition to the dynamic reactive power requirement identified above, the Wind Farm and Solar Farm
have to compensate for the reactive power losses within the facility to ensure that it has the capability to
inject or withdraw reactive power up to 33% of its rated active power at the connection point. As
mentioned above, the IESO accepts this compensation to be made with switchable shunt admittances.

Load flow studies were performed to calculate the need for static reactive compensation, based on the
equivalent parameters for the GREP provided by the connection applicant.

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

o typical voltage of 242 kV at the connection point;

e maximum active power output from the equivalent WTG;

e maximum reactive power output (lagging power factor) from the equivalent WTG, unless limited
by the maximum acceptable WTG terminal voltage;

e maximum acceptable WTG voltage is 1.05, as per WTG voltage capability;

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

e typical voltage of 242 kV at the connection point;

e minimum (zero) active power output from the equivalent WTG;

e maximum reactive power consumption (leading power factor) from the equivalent WTG, unless
limited by the minimum acceptable WTG terminal voltage;

e minimum acceptable WTG voltage is 0.9, as per WTG voltage capability;
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The IESO’s reactive power calculation used the equivalent electrical model for the WTG and collector
feeders as provided by the connection applicant. It is very important that the WF has a proper internal
design to ensure that the WTG are not limited in their capability to produce active and reactive power due
to terminal voltage limits or other facility’s internal limitations. For example, it is expected that the
transformation ratio of the WTG step up transformers will be set in such a way that it will offset the
voltage profile along the collector, and all the WTG would be able to contribute to the reactive power
production of the WF in a shared amount.

Based on the equivalent parameters for the WF provided by the connection applicant, an amount of 50
Mvar of static reactive power compensation installed at the WF collector bus will meet the static reactive
power requirements at the connection point.

The connection applicant has the obligation to ensure that the WF design and the reactive power
compensation system takes into account the real electrical parameters and real limitations within the WF
facility.

Similar studies were performed for the solar farm and it was found there is no need for the static reactive
power compensation at the solar farm after the required dynamic reactive compensation device is installed.

6.4.3 Static Reactive Power Switching

A switching study was carried out to investigate the effect of the new LV shunt devices on the voltage
changes. It was assumed that the largest capacitor step size is 50 Mvar. To reflect the reasonable restrictive
system conditions, the voltage change study assumed that one transmission element (N2M) is out of
service.

Capacitor at LV kV bus LV bus voltage ICG connection point
Pre-switching 345 kV 246.7 kV
Post-switching 35.8 kV 248.0 kV

AV 3.8% 0.5%

The IESO requires the voltage change on a single capacitor switching to be no more than 4 % at the any
point in the ICG. The results show that switching a single capacitor of 50 Mvar produces less than 4 %
voltage change at the connection point. However, it is necessary to supply the static reactive compensation
in small enough steps to have operational flexibility over the entire range of active power output from the
wind turbines. The amount of static reactive power compensation should be shared between at least five
switchable shunt capacitors.

The IESO has no restrictions on voltage changes within the WF facility; however, if the equipment within
the proposed facility is sensitive to voltage changes, small enough shunt capacitor size steps have to be
designed to cater to the facility needs.

6.5 Wind Farm Management System
If the generation facility connects to the IESO-controlled grid, the IESO requires that the facility assists in

maintaining adequate voltages in the high voltage system. It is expected that the wind farm controls the
voltage at a point as close as possible to the connection point to values specified by the IESO. This requires
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that wind farms possess the ability to supply sufficient dynamic reactive power to the high voltage system
during voltage declines.

The generation facility shall regulate automatically voltage at a point whose impedance (based on rated
apparent power and rated voltage) is not more than 13% from the highest voltage terminal based within
+0.5% of any set point within £5% of rated voltage. If the AVR target voltage is a function of reactive
output, the slope AV /AQmax shall be adjustable to 0.5%.

The Wind Farm Management System (WFMS) must coordinate the voltage control process. The IESO
recommend the following two voltage control philosophies:

Option #1
P (1) All WTGs control the PCC voltage to a reference value. A control slope is applied for reactive
power sharing among the WTGs as well as with adjacent generators.
(2) Capacitor banks are automatically switched in/out to regulate the overall WTGs’ reactive
generation to around zero output.
(3) WF main transformer ULTC is adjusted to regulate the collector bus voltage (LT bus voltage)
such that it is within normal range;

Option #2
(1) The capacitor banks are automatically switched in/out according to the WF active power output. A
sample capacitor switching scheme is shown in the following table.

P - overall WF active power Capacitor banks to be switched
output on
0<P<P,; (No capacitor)
P,<P<P, C,
P,<P <Ps Ci+GC,
PN < P < PMAX C1+C2+ . +CN

(2) All WTGs control the PCC voltage to a reference value. A control slope is applied for reactive
power sharing among the WTGs as well as with adjacent generators.

(3) WF main transformer ULTC is adjusted to regulate the collector bus voltage (LT bus voltage)
such that it is within normal range;

The proponent has chosen Option #1 and must submit a description of the functionalities of the WFMS,
including the coordination between the automatic capacitor switching and generator reactive power
production to control the voltage at a desired point. This document also must contain the settings of the
automatic capacitor switching scheme. If the WFMS is unavailable, the IESO requires each generator
controls its own terminal voltage.

6.6  Thermal Analysis

The assessment examined the effect the proposed facility would have on the thermal loadings of the
Southwest-Center area 500/230 kV transmission elements.

31



System Impact Assessment Report

The Ontario Resource and Transmission Assessment Criteria requires that all line and equipment loadings

CAA 1D 2010-399

be within their continuous ratings with all elements in service, and within their long-term emergency
ratings with any element out of service. Lines and equipment may be loaded up to their short-term

emergency ratings immediately following the contingencies to effect re-dispatch, perform switching, or

implement control actions to reduce the loading to the long-term emergency ratings.

Hydro One provided the Continuous, Long Term Emergency and Short Term Emergency planning

thermal ratings for various circuits under summer weather conditions. The algorithm for deriving these

ratings is as follows:

e Ambient conditions: 35°C temperature , 4 km/hr wind speed, daytime

e Continuous: Rating obtained at the lesser of conductor temperature of 93 °C or sag temperature
Long Term Emergency: Rating obtained at the lesser conductor temperature of 127°C or sag

temperature

e Short Term Emergency: Rating obtained at the sag temperature with a pre-contingency loading of

100% of the continuous rating.

The following table summarizes the ratings for various circuits monitored for the thermal analysis. For
circuits with several sections having different ratings, the ratings for the most limiting section are

chosen.
Monitored Element Rating (A)
Element From To Continuous Ié?:egr;—eenrg; Sét::]);g'l;ircn;
N580M NANTICOKE_TS500 MIDDLEPT 500 2820 3660 3930
N581M NANTICOKE_TS500 MIDDLEPT 500 2820 3660 3930
M585M MIDDLEPT8185500 MILTON_SS 500 2820 3620 3880
V586M MIDDLEPT8185500 CLAIREVILLE 500 2820 3620 3880
M572T MILTON SS 500 TRAFALG_M 500 2820 3620 3880
M573T MILTON_SS 500 TRAFALG_M 500 2820 3620 3880
M570V MILTON_SS 500 CLAIREVILLE 500 2820 3660 4010
M571V MILTON_SS 500 CLAIREVILLE 500 2820 3660 4010
N1M NANTICOKE_TS220 MIDDLEPT DK1 220 1350 1350 1350
N2M NANTICOKE_TS220 MIDDLEPT DK1 220 1350 1350 1350
N5M NANTICOKE TS220 MIDDLEPT DK2 220 1350 1350 1350
N6M NANTICOKE_TS220 MIDDLEPT DK2 220 1350 1350 1350
Q23BM MIDDLEPT DK2220 BURLINGTON 220 1060 1300 1470
Q25BM MIDDLEPT DK2220 BURLINGTON 220 1060 1400 1900
M27B MIDDLEPT DK1220 BURLINGTON 220 1060 1400 1900
M28B MIDDLEPT DK1220 BURLINGTON 220 1060 1300 1470
T36B BURLINGTON 220 TRAFALGAR TS 220 1110 1350 1570
T37B BURLINGTON 220 TRAFALGAR TS 220 1110 1350 1570
T38B BURLINGTON 220 TRAFALGAR TS 220 1110 1350 1570
T39B BURLINGTON 220 TRAFALGAR_TS 220 1110 1350 1570
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R14T TRAFALGAR_TS220 RICHVIEW_AH1 220 1110 1420 1660
R17T TRAFALGAR TS220 RICHVIEW _AH1 220 1110 1420 1660
R19TH TRAFALGAR TS220 RICHVIEW AH2 220 1110 1420 1660
R21TH TRAFALGAR_TS220 RICHVIEW_AH2 220 1110 1420 1660

The following table summarizes the pre-contingency amps and loading as a percentage of the
continuous ratings, with the GREP project in service.

Monitored Element Pre-Contingency Load Flow

Element -

From To Amps % of Cont. Rating

N580M NANTICOKE_TS500 MIDDLEPT 500 1028 36.5
N581M NANTICOKE_TS500 MIDDLEPT 500 1004 35.6
M585M MIDDLEPT8185500 MILTON_SS 500 835 29.6
V586M MIDDLEPT8185500 CLAIREVILLE 500 773 27.4
M572T MILTON_SS 500 TRAFALG_M 500 611 21.7
M573T MILTON_SS 500 TRAFALG_M 500 596 21.1
M570V MILTON_SS 500 CLAIREVILLE 500 584 20.7
M571V MILTON_SS 500 CLAIREVILLE 500 584 20.7
NiM NANTICOKE_TS220 MIDDLEPT_DK1 220 705 52.2
N2M NANTICOKE_TS220 MIDDLEPT_DK1 220 709 525
N5M NANTICOKE_TS220 MIDDLEPT_DK2 220 739 54.7
N6M NANTICOKE_TS220 MIDDLEPT_DK2 220 582 43.1
Q23BM MIDDLEPT_DK2220 BURLINGTON 220 1038 97.9
Q25BM MIDDLEPT_DK2220 BURLINGTON 220 1045 98.6
M27B MIDDLEPT_DK1220 BURLINGTON 220 684 64.5
M28B MIDDLEPT_DK1220 BURLINGTON 220 684 64.5
T36B BURLINGTON 220 TRAFALGAR_TS 220 466 42.0
T37B BURLINGTON 220 TRAFALGAR_TS 220 467 42.1
T38B BURLINGTON 220 TRAFALGAR_TS 220 412 37.1
T39B BURLINGTON 220 TRAFALGAR_TS 220 412 37.1
R14T TRAFALGAR_TS220 RICHVIEW_AH1 220 910 82.0
R17T TRAFALGAR_TS220 RICHVIEW_AH1 220 914 82.3
R19TH TRAFALGAR_TS220 RICHVIEW_AH2 220 861 77.6
R21TH TRAFALGAR_TS220 RICHVIEW_AH2 220 859 77.4

As shown, all pre-contingency flows were found to be within the continuous ratings. However, it
should be noted that the flows on Q23BM/Q25BM from Neale Jct to Burlington Jct were approaching
continuous ratings.

The following list of contingencies was studied as part of the thermal analysis:

ID Loss of Circuit ID Loss of Circuit ID Loss of Circuit

C1l | N580M Cc2 M585M C3 V586M
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C4 | M572T C5 M570V C6 N1M (Nanticoke-
Summerhaven)

C7 | N1IM (Summerhaven- C8 N2M (Nanticoke- C9 N2M (PDNW-Middleport)
Middleport) PDNW)

C10 | N5M Cl1 N6M C12 Q23BM

C13 | M27B C14 T36B C15 R14T

C16 | R19TH C17 N1M+N2M C18 N5M+N6M

C19 | Q23BM+Q25BM C20 M27B+M28B ca21 T36B+T37B

C22 | T38B+T39B Cc23 R14T+R17T C24 R19T+R21T

The following tables summarize the post-contingency loading as a percentage of the Long Term
Emergency rating for contingencies C1 - C24.

I Monitored Element % of Long Term Emergency Rating

From To Cl|(c2(c3|C4|C5)|Ce |C7 |cC8
N580M NANTICOKE_TS500 | MIDDLEPT 500 0 | 37 | 13 | 28 | 29 | 29 | 30 | 27
N581M NANTICOKE_TS500 | MIDDLEPT 500 42 | 13 | 37 | 27 | 27 | 29 | 29 | 28
M585M MIDDLEPT8185500 | MILTON_SS 500 34| 0 | 32 (21| 21| 24| 24| 23
V586M MIDDLEPT8185500 | CLAIREVILLE 500 7 |30 0 | 21|23 |21 (22|21
M572T MILTON_SS 500 TRAFALG_M 500 17 1 14 | 16 0 18 | 17 | 17 | 17
M573T MILTON_SS 500 TRAFALG_M 500 17 | 14 | 16 | 21 | 18 | 16 | 17 | 17
M570V MILTON_SS 500 CLAIREVILLE 500 22 | 9 (22| 20| 0 | 16 | 16 | 16
M571V MILTON_SS 500 CLAIREVILLE 500 22 9 22 | 20 | 27 | 16 | 16 | 16
N1iM NANTICOKE_TS220 | MIDDLEPT DK1220 | 69 | 58 | 54 | 54 | 53 | 22 | 22 | 52
N2M NANTICOKE_TS220 | MIDDLEPT DK1220 | 69 | 59 | 54 | 54 | 53 | 45 | 65 | O
N5M NANTICOKE_TS220 | MIDDLEPT DK2220 | 62 | 57 | 60 | 56 | 55 | 59 | 63 | 55
N6M NANTICOKE TS220 | MIDDLEPT DK2220 | 51 | 45 | 48 | 44 | 43 | 47 | 50 | 43
Q23BM MIDDLEPT_DK2220 | BURLINGTON 220 88 | 92 | 85 | 84 | 80 | 82 | 82 | 80
Q25BM MIDDLEPT_DK2220 | BURLINGTON 220 82 | 8 | 79 | 79 | 75 | 76 | 77 | 75
M27B MIDDLEPT_DK1220 | BURLINGTON 220 45 | 54 | 57 | 52 | 49 | 46 | 45 | 49
M28B MIDDLEPT DK1220 | BURLINGTON 220 48 | 59 | 62 | 56 | 53 | 50 | 48 | 52
T36B BURLINGTON 220 | TRAFALGAR TS220 | 36 | 46 | 44 | 40 | 36 | 34 | 33 | 35
T37B BURLINGTON 220 | TRAFALGAR TS220 | 36 | 47 | 44 | 40 | 35 | 34 | 33 | 35
T38B BURLINGTON 220 | TRAFALGAR TS220 | 32 | 42 | 40 | 36 | 31 | 30 | 29 | 31
T39B BURLINGTON 220 | TRAFALGAR TS220 | 32 | 42 | 40 | 36 | 31 | 30 | 29 | 31
R14T TRAFALGAR TS220 | RICHVIEW AH1220 | 67 | 68 | 71 | 54 | 67 | 64 | 63 | 64
R17T TRAFALGAR TS220 | RICHVIEW AH1220 | 67 | 68 | 71 | 54 | 68 | 64 | 64 | 64
R19TH TRAFALGAR TS220 | RICHVIEW AH2220 | 63 | 65 | 68 | 48 | 65 | 67 | 60 | 61
R21TH TRAFALGAR_TS220 | RICHVIEW AH2220 | 63 | 64 | 68 | 48 | 64 | 60 | 60 | 60
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Element

Monitored Element

% of Long Term Emergency Rating

From To Co9|(Cci10|Cl1|Cl12|C13|C14 | Cl15|Cl6
N580M NANTICOKE_TS500 | MIDDLEPT 500 30 | 27 | 28 | 28 | 27 | 28 | 28 | 28
N581M NANTICOKE_TS500 | MIDDLEPT 500 29 | 28 | 30 | 28 | 29 | 29 | 28 | 28
M585M MIDDLEPT8185500 | MILTON SS 500 24 | 21 | 23 | 24 | 24 | 23 | 23 | 23
V586M MIDDLEPT8185500 | CLAIREVILLE 500 22 | 21 | 22 | 22 | 22 | 22 | 22 | 22
M572T MILTON_SS 500 TRAFALG_M 500 17 | 17 17 18 17 18 16 16
M573T MILTON_SS 500 TRAFALG_M 500 17 | 16 17 18 | 17 17 16 16
M570V MILTON_SS 500 CLAIREVILLE 500 16 | 14 | 16 16 | 16 16 17 17
M571V MILTON_SS 500 CLAIREVILLE 500 16 | 15 16 16 16 16 17 17
N1M NANTICOKE_TS220 | MIDDLEPT DK1220 | 65 | 55 | 58 | 54 | 49 | 51 | 52 | 52
N2M NANTICOKE_TS220 | MIDDLEPT DK1220 | 19 | 54 61 54 | 49 52 52 52
N5M NANTICOKE _TS220 | MIDDLEPT DK2220 | 62 0 65 59 56 54 55 55
N6M NANTICOKE TS220 | MIDDLEPT DK2220 | 52 | 50 0 40 | 45 | 43 | 43 | 43
Q23BM MIDDLEPT DK2220 | BURLINGTON 220 82 | 73 76 0 85 78 79 79
Q25BM MIDDLEPT DK2220 | BURLINGTON 220 77 | 68 | 71 | 92 | 79 | 73 | 74 | 73
M27B MIDDLEPT DK1220 | BURLINGTON 220 45 | 48 | 50 | 56 0 48 | 48 | 48
M28B MIDDLEPT DK1220 | BURLINGTON 220 49 | 52 54 60 67 52 52 51
T36B BURLINGTON 220 | TRAFALGAR 75220 [ 33 | 30 | 33 | 30 | 32 0 33 | 33
T37B BURLINGTON 220 | TRAFALGAR 15220 [ 33 | 30 | 33 | 30 | 32 | 46 | 33 | 33
T38B BURLINGTON 220 | TRAFALGAR TS220 [ 29 | 26 | 29 | 26 | 28 | 37 | 29 | 29
T398 BURLINGTON 220 | TRAFALGAR TS220 [ 29 | 26 | 29 | 26 | 28 | 37 | 29 | 29
R14T TRAFALGAR TS220 | RICHVIEW AH1220 | 63 | 61 63 62 63 63 0 73
R17T TRAFALGAR_TS220 | RICHVIEW AH1220 | 64 | 61 | 64 | 62 | 63 | 63 | 99 | 74
R19TH TRAFALGAR_TS220 | RICHVIEW AH2220 | 60 | 57 | 60 | 58 | 59 | 59 | 69 0
R21TH TRAFALGAR_TS220 | RICHVIEW AH2220 | 60 | 57 60 58 59 59 69 86
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Eloment Monitored Element % of Long Term Emergency Rating

From To C17 [ C18 | C19 | C20 | C21 | C22 | C23 | C24
N580M NANTICOKE_TS500 | MIDDLEPT 500 33 | 28|29 | 26 | 27 | 28 | 27 | 28
N581M NANTICOKE_TS500 | MIDDLEPT 500 31 (31|28 |30 |28 | 29 | 28 | 28
M585M MIDDLEPT8185500 | MILTON SS 500 25 | 22 | 27 | 25 | 23 | 25 | 23 | 24
V586M MIDDLEPT8185500 | CLAIREVILLE 500 22 | 21 | 24| 24 | 21 | 23 | 21 | 23
M572T MILTON_SS 500 TRAFALG_M 500 18 | 17 | 18 | 18 | 17 | 17 | 17 | 13
M573T MILTON_SS 500 TRAFALG_M 500 17 | 17 | 18 | 18 | 17 | 17 | 17 | 13
M570V MILTON_SS 500 CLAIREVILLE 500 16 | 14 | 17 | 16 | 16 | 17 | 16 | 20
M571V MILTON_SS 500 CLAIREVILLE 500 16 | 14 | 17 | 16 | 16 | 17 | 16 | 20
N1iM NANTICOKE_TS220 | MIDDLEPT DK1220 | 22 | 64 | 55 | 44 | 52 | 50 | 52 | 51
N2M NANTICOKE_TS220 | MIDDLEPT DK1220 | 19 | 65 | 55 | 41 | 563 | 51 | 53 | 51
N5M NANTICOKE_TS220 | MIDDLEPT DK2220 | 75 0 47 | 59 | 55 | 53 | 55 | 54
N6M NANTICOKE_TS220 | MIDDLEPT DK2220 | 72 0 35 | 48 | 44 | 42 | 43 | 42
Q23BM MIDDLEPT DK2220 | BURLINGTON 220 87 | 67 0 92 | 80 | 75 | 80 | 75
Q25BM MIDDLEPT DK2220 | BURLINGTON 220 8l | 63 0 86 | 75 | 70 | 75 | 45
M27B MIDDLEPT DK1220 | BURLINGTON 220 39 | 51 | 65 0 49 | 45 | 49 | 45
M28B MIDDLEPT DK1220 | BURLINGTON 220 41 | 55 | 70 0 53 | 48 | 53 | 29
T36B BURLINGTON 220 | TRAFALGAR 175220 | 30 | 28 | 27 | 28 0 53 | 35 | 29
T37B BURLINGTON 220 | TRAFALGAR 15220 | 30 | 28 | 27 | 28 0 53 | 35 | 25
T38B BURLINGTON 220 | TRAFALGAR TS220 | 26 | 24 | 23 | 24 | 31 0 31 | 25
T398 BURLINGTON 220 | TRAFALGAR TS220 | 26 | 24 | 23 | 24 | 31 0 31 | 25
R14T TRAFALGAR TS220 | RICHVIEW AH1220 [ 62 | 60 | 61 | 61 | 64 | 66 0 93
R17T TRAFALGAR TS220 | RICHVIEW AH1220 | 62 | 60 | 61 | 61 | 64 | 66 0 93
R19TH TRAFALGAR TS220 | RICHVIEW AH2220 | 58 | 56 | 57 | 57 | 61 | 62 | 92 0
R21TH TRAFALGAR _TS220 | RICHVIEW AH2220 | 58 | 56 | 57 | 57 | 60 | 62 | 91 0

As shown, all post-contingency flows were found to be within the Long Term Emergency ratings.
However, it should be noted that circuits Q23BM/Q25BM, R14T/R17T and R19TH/R21TH would be
approaching LTE ratings when their companion circuit is out of service.

Appendix B shows the diagrams for thermal study simulations.
It should be noted that the concerns on the pre-contingency and post-contingency flow existed before

GREP’s connection to the IESO-Controlled grid. GREP will make the situation slightly worse but the
flows are still below ratings.

6.7 Voltage Analysis

The assessment of the voltage performance in the Nanticoke area was done in accordance with the IESO’s
Ontario Resource and Transmission Assessment Criteria. The criteria states that with all facilities in
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service pre-contingency, 230 kV, 115 kV, 44-13.8kV system voltage declines following a contingency
shall be limited to 10% before and after transformer tap changer action, and absolute maximums and
minimums of 250-207kV, 127-108kV and 112%-88% of nominal, respectively. The 44-13.8kV system
voltages are further limited to 5% voltage decline after tap changer action.

The voltage decline studies were performed with the GREP facility connected to the circuit NSM. A
constant MVVA load model was used in both immediate post-contingency state and in post-ULTC state.
Generally GREP will help system voltage performance. The worst case due to the addition of GREP is
loss of GREP with full output and one unit at Nanticoke GS is out of service. The study results for this
case are summarized in the following table.

Pre-Cont Loss of GREP

Monitored Busses Voltage Pre-ULTC Post-ULTC
(kV) kV % kV %

Nanticoke 230 246.5 2454 | -04 | 2453 | -05
Summerhaven 230 246.9 2459 | -04 | 2458 | -0.4
Port Dover 230 246.7 2457 | -0.4 | 2456 | 04

GREP 230 248.0 - - - -

Middleport 230 246.6 2457 | -04 | 2456 | -0.4
Burlington 230 245.0 2442 | -03 | 2440 | 04

The study results indicate that both declines of pre-ULTC and post-ULTC values are within the IESO’s
criteria of 10%.

In conclusion, addition of the GREP project does not result in material adverse impact on the voltage
performance of the IESO-controlled grid.

6.8 Transient Analysis

Transient stability analysis was performed considering faults in Nanticoke and Middleport area with the
proposed GREP project in-service. All contingencies studied were three-phase faults cleared with normal
fault clearing times. Double circuit contingencies were simulated as three phase faults occurring on two
both circuits simultaneously. It should be noted that the simulations for double circuit contingencies are
more onerous than required in Ontario Resource and Transmission Assessment Criteria so the study
results are more conservative and acceptable. The contingencies that were studied for dynamic analysis
are listed in the table below.

Fault Clearing Time (ms)
ID Contingency Location
Near Remote
sc1 N1M Nanticoke 83 116
sc2 N2M Middleport 83 116
SC3 N5M Nanticoke 83 116
Sc4 N6M Nanticoke 83 116
SC5 M27B Middleport 83 116
SC6 N1M+N2M Nanticoke 83 116
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SC7 N5M+N6M Nanticoke 83 116
SC8 M27B+M28B Middleport 83 116
SC9 Q23BM+Q25BM Middleport 83 116

The transient simulation plots are shown in Appendix C. The transient simulation results suggest that none
of the simulated contingencies caused transient instability or undamped oscillations. All results show
gradual attenuation of the oscillations.

In conclusion, addition of the GREP project does not result in material adverse impact on the transient
performance of the IESO-controlled grid.

6.9 Low-voltage ride through capability

The new generating facility is required to ride through routine switching events and design criteria
contingencies assuming standard fault detection, auxiliary relaying, communication, and rated breaker
interrupting times, unless disconnected by configuration.

As any other generators, the Siemens WTG and SMA Sunny Central PV inverters are expected to trip
only for contingencies which remove the generator by configuration or abnormal conditions such as
severe and sustained under-voltage, over-voltage, under-frequency, over-frequency etc. The severity of
under-voltage seen by generator terminals is to be temporarily mitigated by the LVRT capability. The
LVRT feature is implemented by injection of additional reactive current by the grid side AC/DC
converter to maintain generator terminal voltage in the event of a disturbance in the power system that
causes the terminal voltage to drop.

The implementation of LVRT should not require any instant modification to under-voltage protection settings.
In PSS/E model for MK 11, the LVRT feature accompanies a change of under-voltage settings as shown below
(From Siemens document “UserlnputData-SMK223_InputData SWT-2.3-101_VS 60 Hz_V1.3.xIs”).

Voltage range Event
1.00-0.85 pu No trip

0.85-0.4 pu Relay 1 trips in 3.05 sec
0.4-0.15pu Relay 2 trips in 1.65 sec
0.15-0.0 pu Relay 3 trips in 0.90 sec

In PSS/E model for SMA, the LVRT feature accompanies a change of under-voltage settings as shown
below (From SMA document “Modeling of SMA’s Sunny Central Photovoltaic Inverters for Power Flow
and Stability Studies with PSS/E Version 30.3”).

Voltage range Event
1.00-0.85 pu No trip
0.85-0.45 pu Relay 1 trips in 2 sec
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0.45-0.0 pu Relay 2 trips in 0.165 sec

In order to examine the need for low voltage ride through (LVVRT) capability, the three phase faults on
N1M and N6M at Nanticoke SS (SC1 and SC4) with normal clearing time were simulated. These
particular contingencies are electrically much closer to the new generation facility than other
contingencies at Middleport TS. Thus, they could potentially have a greater impact on the terminal
voltage of WTG and PV inverters.

The variation of the terminal voltage of the new generation facility is plotted in Figure 7 below. It can be
seen that the duration during which the generator terminal voltage drops below 0.3 pu is about 0.116 sec.
Therefore, the fault ride through capabilities of the wind turbines and PV inverters are adequate.

- -
o °
S S
S =)

0000°T|
0000°T|

L #INHD
#INHO

TLL #INHD

T6L

OAT

0S28ST IIC

]
|

<
S
I}
=
-
I
I
IS}
o

£€528ST 170,

NHANTHD]

NAANYED]

\ \ \ i

0.20000 0.40000 0.60000 0.80000 1.0
0.10000 0.30000 0.50000 0.70000 0.90000

TIME (SECONDS)

000

Figure 7: Terminal Voltage of Wind Generator during LLLG Faults at Nanticoke SS

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

— End of Report —
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Appendix A Market Rules: Appendix 4.2
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Appendix 4.2 — Generation Facility
Requirements

The performance requirements set out below shall apply to generation facilities subject to a connection
assessment finalized after March 6, 2010. Performance of alternative technologies will be compared at the
point of connection to the IESO-controlled grid with that of a conforming conventional synchronous
generation unit with an equal apparent power rating to determine whether a requirement is satisfied.

Each generation facility that was authorized to connect to the IESO-controlled grid prior to March 6, 2010

shall remain subject to the performance requirements in effect for each system at the time of its
authorization to connect to the IESO-controlled grid was granted or as agreed to by the market participant
and the 1ESO (i.e. the “original performance requirements”). These requirements shall prevail until the
main elements of an associated system (e.g. governor control mechanism, main exciter) are replaced or
substantially modified. At that time, the replaced or substantially modified system shall meet the
applicable performance requirements set out below. All other systems, not affected by replacement or
substantial modification, shall remain subject to the original performance requirements.

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

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

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

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

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

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

in both interconnected and island operation. A sustained 10% change of rated active
power after 10 s in response to a constant rate of change of speed of 0.1%/s during
interconnected operation shall be achievable. Due consideration will be given to inherent
limitations such as mill points and gate limits when evaluating active power changes.
Control systems that inhibit governor response shall not be enabled without IESO
approval.

3. Low Voltage

Ride through routine switching events and design criteria contingencies assuming

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

capability to:

4. Active Power

Supply continuously all levels of active power output for 5% deviations in terminal voltage.
Rated active power is the smaller output at either rated ambient conditions (e.g.
temperature, head, wind speed, solar radiation) or 90% of rated apparent power. To
satisfy steady-state reactive power requirements, active power reductions to rated active
power are permitted.

5. Reactive Power

Inject or withdraw reactive power continuously (i.e. dynamically) at a connection point up
to 33% of its rated active power at all levels of active power output except where a lesser
continually available capability is permitted by the IESO. A conventional synchronous unit
with a power factor range of 0.90 lagging and 0.95 leading at rated active power
connected via a main output transformer impedance not greater than 13% based on
generator rated apparent power is acceptable.

6. Automatic
Voltage Regulator
(AVR)

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

41




System Impact Assessment Report CAA 1D 2010-399

units.

7. Excitation
System

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

8. Power System
Stabilizer (PSS)

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

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

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

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

11. Performance
Characteristics

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

42




System Impact Assessment Report CAA 1D 2010-399

Appendix B Diagrams for Load Flow Results

43



System Impact Assessment Report

CAA 1D 2010-399

CLAIREVILLE

MILT By PSEEN
NANTICOKE T& MIDDLEPTanas _ o= 773
1001 5 1003 .5 - - quém" as
27 4 27 4 22'2 211 bedee 5844
MIDDLEPTE125 s 5484
160 TRAFALG_M572 16.0
1013.0 10282 a2a8 835.1 _
77 281I228 =1 CAUEE s
. - ; - ALG_MSTS
s 4574 530 grr -
536.5
L46, 16.3 %
NEALE_JOZ3BMEURLING T_J2B0FaTON ThAraLcaR_TS
o4 asns Nasssaa05 b 1oss o 10ar 2 Raras a7aa LANTZ_J_T238 —'  ERINDAL_JR14T OMKEN_JR14TRICHVIEN_AHA
= Y IR Imz — Iszé ey BRI Jzoz0 2019 o008 0000 4840 4835 | 3156 3140
i BRANDENER G k : GE_IQ2EBNMBIREINGT 2 306 304 lﬁég 216 641 B Eﬁ.g 14 |2%%.% 288
15721600 | 7306 7353 6602 45204534 | 1045.01093.8 8831 8334 ' ’ ’
1ME 1allsas 547 4060415 B IZ?4.B 746 |263.1 3.1
srn gy CPANDERERGYT 45 5 45 7 LaNTZ_J_T398 ERINDAL_JR17 TOMKEN_JR17
— 2.2 410.3 2oz 2020 9144 2148 4802 4707 | 3143 3126
445
05 04fz16 216 694 sa4faa1  aanflzas 287
“BhRToOVER | lz4a.2 l245.0 I245.n [P
MIDDLERT_DKA1 2
HORNING _JM2Z7 PALERMOANTEZ_J27SC  CHURCH_EFRINTDL _IRASLAN_TRIG FE K2 IR CHE/ | Ei_AHzZ
5040 46458 . 700.4 707.0 619.7 6534 6828 5124 6120 §467.3  |2404 | sooz fss0s Jes04 Jezzs Jassz Ja19d
440 =) 525  szeomEElERd 525 |245.? 457 =45 |223.3 Iz 4z7 fe0s gse.g 572 416 |zaz
o5 EA1 3 6.2 45 .6 5.3 5.0 45 .1 447 4.5
o | HORMNING _ W23 PALERMOLANTEE 2650 CHURCHERSIRILAREAN _IRZ1T TOMKEN_JR21T
705 3 6333 6336 6125 G121 §466.3 3326 2370 |sssgssey | 6204 fassr | 3245
52 fi 526 |245.? 457 fza5 |223.2 250 60.5 |258.8 5688 N4z 205
RALEL TR 7N SUMMERHAVENT a6 .2 455 2482 6.0 2351 2447 asg L. .
309 304 | 29RES 247 & 2457 ’
2365 459 245 2
NANTICOKE_THhas » . -

Load Flow Diagram 1: Pre-contingency

44




System Impact Assessment Report

CLAREVILLE

CAA 1D 2010-399

MILT_BvFSSEY
NANTICOKE_TS MIDDLER TE0SG 2127 2523
156.0 212.1
,,,,,,,,,,,,,, ON_S3
'54.3 59 7073
28 5
MIDDLERTE135 83fa 7818
214 TRAFALG_M572 21.8
:2?5.5 1522.2 |;i325.g 12:2.; o 201 ! Lo0a
: . . - ALG_MST3
L | EF #aa o7 8 B
357
18 162
. U P "i‘:';fﬁj:ED'MBQL;?LZ‘"':;;J:EBE'%'H‘GTDN L&NTZ_J_T3a FriraLoan s ERINDAL_JR14T OMKEN_JR14TRICHYIEW_&H1
- - - | - 0 Jest. —4437.7 4355 |3z1.0 3216 flodsa 9465|5219 5214|3554 3544
s0.7 GRANDENERGH3.1 [55.5 558 IM;.S gE_Jgsgé'g,.jBM7 tineT b aza 23 lgﬁ% 22z fees 665 I;‘l‘g.g? 73 lfiég 325
265.3267.2 |844.8 8408 753.2 | 671.1672.1 | 1164.11163.1 0008 000.8 i : :
120 104 fleza  e23 sssls2a szsfs2a  s2a |270.e 708
cspirs CHANDERSRGYT 440 440 LANTZ_J_T30 ERINDAL_JR17 TOMKEN_JR17
= 4377 4365 [|322.0 3210 o501 950.4 |518.1 5176 | 3847 3530
roka 440 324 323 |223 FEEEE] X R |247 5 475 |232 5 32.4 baa s
DOVER \ EEE] 437 438 o
MIDDLEPT_DKA 3
HORNING _Jh27 PALERMOANEZ JF375C  CHURCH_BRINIEAL_JRASLAN_TRMARE H IV CHI/IEW_AH2
227 7700PRQ 9327 9377 9510 6286 8284 | 557 4 5560 faozz  Jeevs | ssaz flonta Jooiz [ses J4aszo 4TS
612 51 fBe0s  s0sORTEIOfERM 45.4 241 5 415 26.5 253 azz fE35 617 Q811 a4z 310
2512510 ad.a EEK] 45.0 447 2438 436 a43.7
Ty HORNING _Jhiza PALERMOANEE Jf365C  CHURCH_GRISDWIL_JRAKLAN_TRBREN_UR21T
543 628.5 622.8 | 5675 5570 §ag1.0 3656 ez feoas fsooq [esze  Jasrz |as2s
- 4.3 dz.4 416 416 [ z8.4 251 P 2K 615 fe0s 4.7 333
54818491 fgo 2 SUMMERHAVENT EMA Em.o Eaa.a Eaa.? 439 Y] Eaa.? s
L1 1 207 207 3 s L .
NANTICOKE Thas2 L““-Q 2948
CLAREILLE
MILT_BYPSSEU
MANTICOKE_TS MIDDLEPTa0ES 10751 0751 10214
1350.1 1252.2 | : .
204 207 BALTEN_ 55
364 L) by : B, 3289
MIDDLEFTE185 30 3284
9.3 TRAFALG_MsT2 9.0
:‘272'2 4:;'§ 7777777777777777777777 45077 512.0 - 5203
: . ALG_MSTS
309 Mdo PR
e NEALE _JQ23BMBURLINGT_J23800T Mo TaN T R raLear_Ts
- sos7 leaseoss I 1180011600 11024 10240 LANTZ_J_Tas — ¥ ERINDAL_JR14TOMKEN_JR14TRICHWIEW_AHA
449' -7'5 o 3 59'4 | = san I?a . = 73'1 5715 6603 4310 az1s foss7 o520 | 5364 5346 | 3687 3671
: GRANDENERGHT - : : E_JQ25B IS R E&%Ds 2z0 675 675 Ej%é 434 '2%%'83 237
12021228 7620 7617 637 fe106611.8 | 110821107 2 | 102480240 ’ ’ ’
124 135|555 s64_si0lss0  s61 gss.s 255 |273.g 738
c1spian CRANPEJERSYT a3, eyl LANTZ_J_T2a ERINDAL_JR17 TOMKEN_IR1T
== 5715 560.8 43128 4317 9635 0638 5314 5308 | 3674 3657
S A48 423 422 |232.u 320 670 67.9 |248.8 47 |233.7 3365 a4z
DOVER I 445 435 435 0
MIDELEPT_DKA kot
HORNING _JMz27 PALERMOANEZ 3750 CHURCH_EMIMSAL_JRASLAN_TROTREf FOHL EW_AH2
670255295 0904.6 7904 702.2 | 7613 7617 | 629.5 520.1 §5275  Jassz | &0 foss JJoisy esis  Jaeis Jeses
504 J40mBssE 58 EomEnlaRi 535[2515 s1alfa65 340 406 846 £i7 8 825 451 7
251.851.1 ELE] 440 2447 ada 2437 434 zd34
TN RHAn o HORNING _Jhizs PALERMOANEE 3550  CHURCH_BRIMDHL_JRANLAN_TRBAREN_JR21T
7374 7812 7616 6096 629.3 6266  [aes0 [aear [e14s Je14s [eveq Jaero Jests
50185012 553 - 52.5 52.6 |251.5 5140464 |233.g Eas.s 844 |252.7 622 45 6 232
: ’ : SUMMERHAVENT 443 420 2445 4.4 2436 433 ZEE R N
7z a7z f207.3074 Jyga Laat
2092 45.5 24415
NANTICOKE _T5as o - -

Load Flow Diagram 3: Loss of M585M

45



System Impact Assessment Report

WILT_BrPSEEW

CAA 1D 2010-399

CLAREVILLE

NANTICOKE_TS MIDDLEPTE0SE e
|
477 4 o MILTON S8
EET] EET] - %548 803.7
MIDDLEPTS 125 &8ss 5839
2.0 TRAFALG_M572 22.0
;3515.2 13;3.i|;;508.4 1122.; o sa52 _| L os
. - [ : ALG_METS
'527.2 4z BT e
536.4
L 45, 15.6
450 U J— "fé;;i—j592:2”99”3:"0'"3;:9239Eﬁﬁwm" LANTZ_J_T32 FikraLoan_Ts ERINDAL_JR14TOMKEN_JR14TRICHVIEW_AHA
480' 'Q 494 49'5|7 = 78'4|BB?' BB'? 547 5402 4023 4022 10026 10024 5768 5764 4058 4043
/ RANDENER GH0- : : lﬂ@gE_mgs'g,.ij'gmGT_gg 401 400 'z%%’% zas 706 705 'z%%’% 529 |23‘%% 7 A
22222246 8042 2032 7350 | 50845007 | 11065 11055 o420 adza ’ ’ ’
165 166 sa6 505 saalass asslran Too |257.3 67.3
GRANDEBERGYT el A4 LANTZ_J_T39 ERINDAL_JR17 TOMKEN_JR17
615.813.0 541.7 5402 4023 402z 10074 10077 5730 5726 4044 4029
44.4 401 400 |229-3 zaz 709 710 |252.a 525 |237.1 370 feaq
FlkToovER I A4 5 43,4 434 o
MIDDLEPT_DKA 2y
HORNING_IM27 PALERMOANEZ_JF375C  CHURCH_BRINTENL JRASLAN_TRINRE M IR CHIEW_AHZ
619.8403900 @33 4 7321 641.4 | 501.5 s018 7204 7201 5951 Jaec0 || esvr fossz Jessd 7z [s21s 3834
450 zemksaz  sagn) 617 |254.4 544 443 318 Iz az7 fesz |Zas.3 67.2 478 |235.2
251,251 1 AORTERORERT 450 4.0 44.7 4.9 43.6 43.2 43.3
éWMERHA%E?IT HORNING_JM25 PALERMOANEE_JF255C  CHURCH_ERIMDWL_JRAMLAN_TRBAREN_JR21T
R [ | i Eiian Eas B L (O B E
44284429 541 SUMMERHAVENT ‘ I245'.0 ’ : 430 246 ‘ I244'.4 435 w2z 2433 L,
328 328 |29 S 247 244.2 )
2462 a5 6 ba45
NANTICOKE_ TS5 g L .
CLaRENILLE
MILT_BYPSSEW
NANTICOKE_TS MIDDLEFTE0SE 387 7510
320 iss 22 7307 e
= = 200 20.4 N a5
320
MIDDLEPTZ185 i 7488
9732 0939 7412 7514 f20.9 TRAFALG_MS72 205 0
265 270 Ezo.s 207
280
536.0
J 207
. a0 Venazsmo "E’;:ED—:g::i”zg?;“g;faaﬁﬁ"em" LANTZ_J_T38 TAraLoar_Ts ERINDAL_JRA4T OMKEN_JIRA4TRICHVIEW_AHA
- -— l - o fazs. —453.3 4818 3473 3473 fve0T 7610 3442 3434 2130 2104
Wz GRANDENERGST.0 (4995 495 TS'EE_JQ%%Q o 32|NG?'B_J32 388 367 lﬁaz 267 f 536 536 lziﬂg.g 315 lzllg.g 193
172.7175.4 7532 7520 681.8 | 508.25107 | 11012 1100.3 Jes7.2 9372
12z 1z0llsss ss7 sosflasy ase IZ?S.? TEE |2559 568
s eian CRANDERERSYT 43,4 Az LANTZ_J_T39 ERINDAL_JR17 TOMKEN_JR17
4833 4818 2e72 3472 fress 7658 3407 33099 2124 2085
62 a5 /e 367 |225.7 257 520 520 |231.3 31z |21Q.5 19.2 Baga
DOVER | 3.4 436 433 =
MIDDLERT_DKA -
HORNING_JM27 PALERMOANEZ_JF375C  CHURCH_BRIMTENL_JRASLAN_TRIN RN, JRCHIIEW_AHZ
617.3900@W T304 7288 6395 7318 7323 | 6597 6505 5309 Jaors || 310 fas49 Jles4s Jasor esze |eava
457 0Ek541  SABORFELERT 563 |24Q.2 4z fa00 |227 9 |z 467 faz2 l246 T T 325 |222.2
261 1 510 440 2446 444 2438 435 243E
T HORNING_IM25 PALERMOANTER 3650  CHURCH_GRIADL_JRANLAN_TRBAREN_JR21T
7961 7317 732.2 | 6508 6505 5300 faosz [Jaoso feszo [fesze faarq eses Jzaro
- 56.3 56.3 |40.2 a0z 204 275 Q300 a8 a5 J41.0 330 Jz27
43984398 a2 g SUMMERHAVENT I245.0 I243.Q I244.5 I244.4 433 436 I243.7 .
326 326 2972974 b0 a2 ’
2a5.2
NANTICOKE_THas 5 455 244.5

Load Flow Diagram 5: Loss of M572T

46



System Impact Assessment Report CAA 1D 2010-399
CLAREVILLE
ILT_BYP5SE
NANTICOKE_TS MIbDLEPT2035 a1 g1l g218
1045 1047.7 N 5s
22.0 224 BETON_
28 28
zcec B Sttt N
MIDDLERTE18S L] Srad
257 TRAFALG_MS72 266
pe g mfBl o [P
. I [ . FALG_MSTS
s B w3 gt o
5362
L1 176
NEALE_J023BMBURLINGT_J23E DR NG TON ThiraLear_Ts
sora wsss Nasssacns b 10as 110920 s7os aTaz LANTZ_J_T38 =7 ERINDAL_JR14TOMKEN_IR14TRICHVIEW_AH1
- 1‘ 'g 44?' 44'8 | : 74'4 o 82.8 4134 4116 2az1 2020 fosss 957 1 5216 s31z | 3614 3500
: GRANDENERGSS: . ! E_Ja25B aNGT 24306 205 Iﬁ%.as 216 574 ) E?‘%a? as7 lz%%% 33.0
157.01508 §730.0 7377 6682 45034607 | 1040810487 2876 2875 ’ ’ ’
16 118547 545 g0 a1 azzlzsn  7as |253.4 63,4
s pay CANDEJERGYT 453 5.4 LANTZ_J_T30 ERINDAL_JRAT TOMKEN_JR17
413.4 4116 2021 202.0 fo616 9820 |527 8 527.4) 3600 3584
Baas T 306 305 |221.3 216 fe77 &7.7 |243-4 az4a |233.0 220 bas s
DOVER | 45,8 447 497 a
MIDDLEPT_DKA b
HORMING_Jhz7 PALERMOANEZ_JF37SC  CHURCH_BRINEAL JRAMLAN_TRMAREE IRCHVIEN_AHZ
500 24737 W 3141 7126 6243 |6326 6328 |511.4 G110 fd6as 3411 | s9z1 fa1s7 Joiss Jaras 487 [=szz
434 3oImR5za 52 EOPE 525 |45 456 347 234 430 feas  fezr eza 445 323
251.251.2 0 G l245.9 453 2480 457 2a4E 444 2445
T I HORNING_Iht2s PALERMOARER_JF355C  CHURCH_BRIMEWL_JRANLAN_TRBAREN_JR21T
0.0 552.5 6828 115 611.1 fa678 3304 [faers fe1zs [e1z7 eveo  Jasan Jesva
- 52.5 525 |24<5.5 455 | 247 |223.2 |225 T X Izaz.s 62.0 453 328
42244225 f525 SUMMERHAVENT 5.9 452 2453 457 2443 ada vama L.
313 313 2973975 247 5 245.4 ’
2904 455 2459
MANTICOKE_THas 4
CLaREVILE
WILT BvPSSEN
NANTICOKE_TS MIDOLEF T3050 - Sra irss
1051 6 — - oN ss
> 21.2 - 580.0
235
MIDDLEPTE 145 480 ot
16.2 TRAFALG_M572 16.1
TR = L
- - - ) FALG_MSTS
LR 4697 o4 i 10
536.4
45, 165
sann sars Naramaras Niéf;s:szMiéiiNzg;izwﬁﬁmmN LANTZ_J_T38 TrlraLonn_Ts ERINDAL_JR14TOMKEN_JR14TRICHVIEW_AH1
4?4 - '1 465; 46‘8‘?5?. w57 Ia 1‘ 84'1 3986 3967 J|281.5 2814 o034 ouzs 4777 477z 098 3080
: GRANDENER&H0. : ! lnﬂgE_JQQﬁBJBamﬁmeT_:Jz 05 204 '231%'91 205 |56 636 lzzsd.% 438 IZE‘%.S 783
21452166 2001 7980 7162 §475 74700 | 1067 51066 4 9057 0057 ’ ’
150 160503 s02 s34 l430 4an |273 T |254.7 64.7
e pig s CTANDENERGYT 454 456 LANTZ_J_T39 ERINDAL_JR17 TOMKEN_IRA7
it 3086 2067 26 28915 fooez o026 4728 4734 2084 3067
i) s 206 204 |22U-9 200 fe40 540 |243.5 43.4 |223.3 221 basg
LOVER h 451 2y} ZEY-] o
MIDDLEPT_DKA ]
' - HORNING_JM27 PALERMOANEZ_JJ375C  CHURCH_ERUNIEAL_JRAS LAN_TRT FERE B CHIIEW_AHZ
60815725 #8129 511.5 724.2 [ 648.1 6485 | 576.9 576.5 4536 ||s2r3 || sE30 8533 ||ss3a 6164 Jades 3147
517 4202602  BOAQRED) 404 431 430 336 |222.4 |2 43.3 601 l258.4 565 41.1 '228 ]
2612612 Ao R 461 455 2463 a50 2451 47 w47
50 Iii‘/ﬁsﬁ HORNING _IMZS PALERMOANEE JJ36SC  CHURCH_BMUEHEL_JRANLAN_TREAREN_JRZ1T
MERH
. 693.0 6453 | 5770 stes fasze a4 fezas Jesis esia e1zo Jesss mz00
405 aga 431 azn a3 |222.3 |224.0 60.0 |253.3 56.2 415 |229 a
________ 220 SUMMERHAVENT 451 455 46.1 450 4510 44.5 497
29Ea7 4 4T T 295 6 2950
NANT COKE_T3 45.1 248.1
_T5%a54

Load Flow Diagram 7: Loss of N1M (N.-Summerhaven)
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Load Flow Diagram 9: Loss of N2M (N.-PDNW)

48

2010-399

IRCHES B _AHZ



System Impact Assessment Report

CAA 1D 2010-399

CLAIREVILLE
MILT_BYPSSEW
NANTICOKE_TS MIDDLEPTE0SE 58.7 7803
1080.8 1082.1 f— 758.7 ON S5
— —] 205 213 Sl laN- S0
ez 2574 5483
MIDDLEPTEMSS : :
162 TRAFALG_M5T2 16.1
TR £ 1 R S
I : I ALG_MST3
|5 Badr ik e
530.0
k46, 16.6
NEALE_JOZ3EMBURLING T_Ji2 DG TON ThAraLear_Ts
070 so1z Nastoast ol 10ee T 1004 Dages aoss LANTZ_J_T38 "7 ERINDAL_JR14T OMKEN_IR14TRICHVIEW_AHA
524 - '4 472' 47'3 l Ee . 75.1 Ia45; 54.5 3577 3858 Jeves 2727 fe0r¥ 2gg.1 4718 4714|3042 3025
i FRANDENERGH2- | ; 'nE_Jggs'g,\]Bmﬁmer_'Jg 287 288 IZEI%% 202 [ez2 632 lz?;az;% 432 '2%3{% 278
24012607 8402 230.0 7666 42524861 | 1073210720 o122 @124 ’ ’ ’
184 186 fozz ez sog 445 a46 |27a.7 6.6 |255.2 5.1
ormgmy CRANDERERGYT 5.1 455 LANTZ_J_T30 ERINDAL_JR17 TOMKEN_IRAT
il 3877 3858 27re 2vzs Joozs ooz 4680 4675 |B0z0 301z
a4.4
L 227 285'2202 202 fezs 535|2429 429'2278 276 bass
Takroover i 460 440 349 0
MIDDLEFT_DKA S
HORNING_JM27 PALERMOANEZ_JJ375C  CHURCH_BRUUMTIAL IRABLAN_TRIMIRE L IMCHI EV_AHZ
185.1 25450 - 6321 6326 | 5603 se00 f44zs 3167 | s79s 467 Jladss Jaoas Jadza a0z
137 1% PORTCONERR aa7 |241 2 418 f2ze |221.7 lZ 420 faas '253-0 550 a07 lzzs 5
25081 1 6.2 45.5 46,2 45.9 5.0 44 G 447
A erualed HORNING_IM23 PALERMOANTEE_If265C  CHURCH_BRINDAL_IRANLAN_TRBAREN_JR21T
o7 e | A Py Ey B B e P b
5834 52340647 cumMERHAVENT ‘ Izqa'.z ’ : I245'.4 I246'.0 : I245'.Q 450 945 zaa7 L,
43z 43z [29RE7A 247 245 5 ’
2380 45 4 ba6.1
NANTICOKE_TS% a5 7 R :
CLaRENLLE
WILT_BrPSaS
NAHTICOKE_TS MIDDLEPTa038 - L 7280
9723 230.6 |} TON ss
267 26.3 %;ii 198 11 = 524.1
MIDDLEPTE135 S48 5344
145 TRAFALG_M572 145
e ourpe el e
[ - : ALG_METS
&5 4205 o478 RS0
5371
L4611 16.5
. sz lsspomas NQEq;:Lj_Jgj:ZMB?L;F;I;N(;;g.;QBEEmﬁJGTDN LANTZ_J_T38 Trasoar e ERINDAL _JR14T OMKEN_IR14TRICHVIEW_AHA
- - 3 ] ode. = | —N340.4 3476 |230.5 2307 8613 8617 4337 4333 2568 264z
9.8 GRANDENERGHZ.T 355 367Qer8 | 877 e lzses e |217.s 178 a0 60.7 lzsg.a 308 |224.4 242
h - = 456 354 354
L e |Eaarz Jo548 es5a7 |reza razs
335 337 |233.2 58.1 |253.a 566
GRANDEJERGYT 351 A48 2 LANTZ_J_T3g ERINDAL _JR17 TOMKEN_IR1T
e N 340.4 347 6 |230.0 230 [ e6E.1 S66.5 4208 4204 2648 2628
J 2448
250 26580178 17sfs10 610209 3940243 241
*Hekroover i lzqe.a I245.4 I245 4 < [FR0
MIDDLEPT_DKA1 2
HORNING _JMz27 PALERMOAREZ JF375C  CHURCH_BRINTEAL JRABILAN_ TR RERE IR CHIEW_AHZ
G129 404688 72717256 6348 6772 677 4 5058 ooz fao4s 7o | svsz f|sovo [lsvoa  sosa 414 o4
as4 aenf 538 53 521 453 asz 200 19.1 azsflses  Rssz 522 378 258
Sopat FORTUDLER '245.3 Eﬂ&.ﬂ Ea&.s Eaa.s o5 5 '245.1 5.1
ARt HORNING _JM28 PALERMOANTE_J365C  CHURCH_BRINDWL_JRANLAN_TRBAREN_JR21T
I L | E P P EEa Boes B B e
666 4557 N8548 gumMMERHAVENT ’ Izqe'.a - ’ Izqe'.o lzqe'.a ’ lzqa'.s 355 a0zt L, o
338 338 25%87 8 2920 a5 2 :
NANTICOKE_TShas 5 4.2 296.6

Load Flow Diagram 11: Loss of N5SM
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51



System Impact Assessment Report

CAA 1D 2010-399

CLAIREVILLE
MILT_EvFSas
NANTICOKE_TS MIDDLEF TE0SE 7 LA 7891
1008.1 1010.5 } oN st
211 21.5 BAEION. .
] I ; ;
MIDDLEF T8 155 AL 5188
178 TRAFALG_his7z 15.9
10155 10322 | E5E T BT _|
27 3 282 I23 ] 233 L =80 w21
; : [ ; FALG_METS
L] 405 ol gt
5354
o5, 156
NEALE_JC23BMBURLINGT_J2200Rn Ha TON hiraLear_Ts
. oz Naseacans 1 1oss s tomas Resns aame LANTZ_)_T38 =% ERINDAL_JRA4TOMKEN_JRA4TRICHWIEW_AHA
429' 95'8 - 1‘ 43'2 I?a : ?3'2 Ia1 5 51.5 302.0 3004 2707 2706 !
: GRANDENERGS=: : Inmas_mzs'm’awamer_lz 200 2349 lz%g% z0.0
15621591 7365 7353 665.8 | 443.09498 | 10317 10307 |e60.0 meen -
16 11zllsas 545 403 faps 408 |2?3.7 TIE |232.1 2.1
ERANBERERGYT 445 g LANTZ_)_T33 ERINDAL_IRATT OMKEN_JRAT
B15.612.1 3020 3904 2708 2707 14033 14041 5206 5195 | 35298 3403
445
200 289 |220.1 20.1 foea 08.0 |247.a 477 |232.4 32.1
“Kikroover . a5z a2 A2 6 o[FHE
MIDDLEPT_DKA @
HORNING_IMz7 PALERMOANEZ 3750  CHURCH_EFINTINLIRASILAN_TRINKE f IRICHIEW_AHZ
501.4 46%@f 705.5 7041 6163 J673.2 673.6 | 601.5 6011 4450 3186 || so04 fossd Josss Jrsiz | sszz 43s
aze w523 A2 @opClERTA 518'2449 aaa flz3z 218 lZ 427 feas IZB7B 620 508 lzaso
250812 A5 G 447 45,4 45,1 442 439 43.9
2R ernBiER HORNING _IMz2 PALERMOANTE 3650  CHURCH_EFIME®L_IRANLaN_TRBdREN_Jrz1T
18 R ] E Fran Foan i o (e o o
4143 4143 ¥s20 SUMMERHAVENT ’ I245'.B ’ ’ as7  Dasz I245'.1 442 azes  daza L.
307 an7 || 29RETS Da7 2 244.0 ’
2993 455 a5z
HANTICOKE_T Has g L -
CLAIREVILLE
WILT_EvPESAT
MANTICOKE_TS MIDDLEFTS0S6 208 T8
10085 10107 [ =08 ON S5
27 6 275 li;; 218 5 B25 6
- A .
MIDDLEPTS185 #t's otBd
17.1 TRAFALG_MST2 17.1
10149 1030.2 5349 3955 _
277 281 I23 T prpy e 782 w28
: . . ALG_MET3
LZ) 864 T e
536.3
L 45, 15.3
NEALE_JQZ3BMBURLINGT_J236 RCIGTON hiraLean_Ts
. ss2a Naos 14085 0 1021 5 10204 Rasr 8 o5 o LANTZ_J_Tam "7 ERINDAL_JR14TOMKEN_JRA4TRICHVIEW_AHA
429' - '? 42?' 42'8 Im o . 72'9 IB 3 81'3 2826 3868 271z 2714 10428 0434 6470 6167 | 4920 4407
’ GRANDENERGSS: : ’ 'QE_JQQSB,\]BWNNGT_:H 88 287 E‘oe.a 201 724 735 E&.g 566 |239‘? 404
15351567 7357 7349 6054 |4387 4902 | 1027 91026 | ee6.0 s65a ’ ’ ’
114 116545 544 a0z lana 404[2734 733[2519 618
rnpia g CRANDEJEREYT 45 A5 LANTZ_J_Ta8 ERINDAL_JRATTOMKEN_IRA7
ek 3886 386.8 2712 2711 10476 10470 6132 6128 | 4405 4enz
443
L 288 287 |220.1 201 f733 735 |253.3 56.2 |240.4 403 bass
Fekroover | 610 447 447 .
MIDDLEPT_DKA1 o
HORNING_IM27 PALERMOILANTEZ_JI3750  CHURCH_BRINTISLIRASLAN_TRORIEE . IMHOHR B _AHzZ
5203 48953 f 7046 7020 6148 feea3 66506 | 508.1 507.7 4430 3167 | s934 i i " "
- - oy 02 e - R ey [T — [T—— [TpS— [IE—
437wl 522 SZACREC| 515 |Z44.5 a45 220 |221 7 Iz 433 " " i i
250812 s Gl 6.1 35.5 6.1 2460 2961 2947 2948
2 aeruAdE HORNING _IM25 PALERMOANTEE_II2650  CHURCH_ERIEW]_IRANLAN_TRBAEEN_Jr21T
04 L Lo e T B i o e e
H2T M2T P19 gumMMERHAVENT ’ I246'.1 : ’ I245.4 Izqa'.o ’ I245'.7 440 a7 daEs L.
306 206 | 2926875 bar 7 Las e -
NANTICOKE_T5has o 5.8 24980

Load Flow Diagram 17: Loss of R19TH
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SC5: LLLG Fault on M27B at Middleport
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Disclaimer

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

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

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

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

It is feasible for Samsung Grand Renewable Energy Park to connect the proposed 154 MW and
100 MW generation to circuit N5M at the location as shown in Figure 1 as long as the proposed changes
are made:

Proposals:

Connection
The winding configurations for both the wind generation and solar generation transformers must be
changed to one of the following:

Leave the HV windings on both the wind generation and solar generation step-up transformers
ungrounded; or

Connect both the wind generation and solar generation step-up transformers Delta on the HV side and
Wye grounded on the LV side; or

Connect both the wind generation and solar generation step-up transformers Wye grounded on the HV
side and Zig-Zag on the LV side.

Protection Scheme
The Protective relay scheme for circuit NSM will be required to be changed to a line differential scheme
and changes to the reclosing scheme at Middleport TS will be also required.

Telecom Scheme
The new protection telecommunication scheme will be required.

Protection Settings
Protection Setting changes will be required.
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Figure 1: Samsung Grand Renewable Energy Park Connection to HONI Transmission System.

Protection and Relay Settings Changes

Current Reversal at Nanticoke TS

The fault study was conducted to determine the suitability of the connection of GREP facility to circuit
N5M to ensure line protection viability.

To arrive at the maximum apparent impedance as seen at the Nanticoke bus, the equivalent bus impedance
was maximized. The generation was removed at Nanticoke bus in the study to reflect future plans to
mothball Nanticoke GS. Also, a contingency of an outage of one autotransformer at Nanticoke TS was
incorporated. The step-up transformers and the generators were modeled as per data submitted by GREP.

The three phase fault at Middleport 230 kV bus resulted in the apparent impedance on circuit N5M at
Nanticoke TS equal to two times the line impedance. The required relay setting of

zone 2 to cover the line apparent impedance should be acceptable.

For the line to ground fault at Middleport 230 kV bus the Nanticoke terminal exhibits zero sequence
current reversal and very high L-G apparent impedance in the reverse direction. For this condition only the
line protection at Middleport TS will provide fault coverage. The proposed configuration of the step-up
transformers (Yg-D-Yg) at the GREP facility is the main contributor to the current reversal at the
Nanticoke bus. The generation reduction at GREP facility will not reduce the L-G apparent impedance at
Nanticoke bus. This is due to the increase of the positive sequence current at Nanticoke bus and the
vectorial relation between the positive and zero sequence currents.

To overcome the above relaying difficulties the following options are recommended for the configuration
of the step-up transformers at GREP facility:

1) Leave the HV windings on both the wind generation and solar generation step-up transformers
ungrounded.
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2) Connect both the wind generation and solar generation step-up transformers Delta on the HV side and
Wye grounded on the LV side.

3) Connect both the wind generation and solar generation step-up transformers Wye grounded on the HV
side and Zig-Zag on the LV side.

In options 1 and 2 the ground source on the HV side of each step-up transformer is removed. As a result
there is no current reversal at Nanticoke bus and the L-G apparent impedance is significantly reduced.

In option 3 the zero sequence path of the step-up transformer for the HV L-G faults is very large
(1-2 pu). Therefore, the impact on current distribution at Nanticoke bus is minimal and there is no current
reversal.

Modifications to the protections at Nanticoke TS

To avoid the zone 1 line protection at each terminal station to operate for faults on the GREP tap provision
of the three-terminal line current differential protection for N5M circuit along with dual routing fiber optic
cabling for communication to all line terminals including GREP would be necessary.

The existing DESN station Caledonia TS will be included in the line differential zone Nanticoke —
Middleport— GREP Wind Farm SS. The pickup settings of the differential relay should be set to
accommodate this load. To prevent operation of the differential protection for faults on the LV side at
Caledonia station, the line differential protection should be supervised by the distance element. If this is
not possible, blocking channels from Caledonia TS will have to be incorporated. In this case, the operation
of line differential protection will be time delayed to allow for receipt of the blocking signal.

Modifications to the protections at Middleport TS and Caledonia TS
Line protection modifications similar to Nanticoke TS.

Reclosing of the breakers at Middleport TS should not be permitted until it has been established that the
GREP station HV line breaker or both collector substation HV breakers have successfully opened. This
can be implemented in one of two ways. A GEO signal can be sent from the GREP station to Middleport
TS to interlock the reclosing circuit. This signal can be also broadcasted to Nanticoke and Caledonia
stations. Alternatively, synchrocheck reclosing can be applied for the Middleport breakers, excluding the
lead breaker that recloses on undervoltage and time. Synchrocheck autoreclosing should be also applied at
Caledonia TS.

Telecommunications

Dual separate and independent fiber connections from the GREP wind farm to Nanticoke TS and
Middleport TS will be required for the new line differential protection.
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Disclaimer

This Customer Impact Assessment was prepared based on information available about the
connection of the proposed Grand Renewable Energy Park. It is intended to highlight significant
impacts, if any, to affected transmission customers early in the project development process and
thus allow an opportunity for these parties to bring forward any concerns that they may have.
Subsequent changes to the required modifications or the implementation plan may affect the
impacts of the proposed connection identified in Customer Impact Assessment. The results of
this Customer Impact Assessment are also subject to change to accommodate the requirements of
the IESO and other regulatory or municipal authority requirements.

Hydro One shall not be liable to any third party which uses the results of the Customer Impact
Assessment under any circumstances whatsoever for any indirect or consequential damages, loss
of profit or revenues, business interruption losses, loss of contract or loss of goodwill, special
damages, punitive or exemplary damages, whether any of the said liability, loss or damages arises
in contract, tort or otherwise. Any liability that Hydro One may have to Samsung Renewable
Energy Inc. in respect of the Customer Impact Assessment is governed by the Agreement
between Samsung Renewable Energy Inc. and Hydro One dated January 5, 2011.



CUSTOMER IMPACT ASSESSMENT
SAMSUNG RENEWABLE ENERGY INC. - GRAND RENEWABLE ENERGY PARK
254 MW WIND AND SOLAR GENERATION FACILITY

1 INTRODUCTION

Samsung Renewable Energy Inc. is to develop the 254MW Grand Renewable Energy Park
(*GREP”) in Haldimand County, Ontario. The facility consists of 154MW of wind generation
and 100MW of solar generation.

The wind generation will include of 69 Siemens SWT-2.3VS, 60Hz, 2.3MW wind turbine
generators (WTG); each WTG will be limited to 2.221MW. The solar generation will include
200, 500kw SC 500HE-US solar inverters. The generating station will connect to a new,
customer owned 230kV transmission line approximately 20km long, which will then connect to
Hydro One’s transmission system on 230kV circuit NSM approximately 19.5km north of
Nanticoke TS along Hydro One’s right-of-way, near Regional Road 20 as shown in Figure 1.

Figure 1: GREP connection to Hydro One's network

As part of the Connection Assessment and Approval (CAA) process, the IESO will carry out a
System Impact Assessment (SIA) of the proposed wind generation connection.



A Draft version of this report was issued to potentially impacted customers on April 6, 2011 and
all comments received were incorporated into this report.

Hydro One Networks Inc. (Hydro One) Customer Impact Assessment (CIA) assesses the impact
of the proposed generation connection on existing customers in the affected area.

This study does not evaluate the overall impact of the Grand Renewable Energy Park on the bulk
system. The impact of the new generator on the bulk system is the subject of the System Impact
Assessment issued by the Independent Electricity System Operator (IESO).

The study does not evaluate the impact of the Grand Renewable Energy Park on the network
Protection and Control facilities. Protection and Control aspects will be reviewed during the
preparation of the Connection cost Estimate and will be reflected in the Connection and Cost
Recovery Agreement.

1.1 Generating Station Connection

The GREP project proposes to connect to Hydro One circuit N5SM. Circuit NSM connects
Nanticoke TS and Middleport TS and supplies customer load at Caledonia TS, a 230/27.6kV
transformer station. The study area is shown in Figure 2.
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The wind and solar generation facilities connect to the 230kV/34.5kV substation via two separate
34.5kV collector systems. Each collector system connects to 230KV via separate 230/34.5kV
transformers as shown in Figure 3. The 69 WTGs connect to the customer’s 230/34.5kV
substation via six, 34.5kV feeders as shown in Table 1. The 200 solar inverters connect to the
customer’s 230/34.5kV substation via five, 34.5kV feeders as shown in Table 2.



Table 1: WTG Feeder Circuits

1 2 3 4 5 6
Number of WTGs 11 11 13 11 12 11
Max. Generation per circuit (MW) | 244 244 289 244 26.7 244

Table 2: Solar Feeder Circuits

Circuit 1 2 3 4 5
Number of Solar Inverters 40 40 40 40 40
Max. Generation per circuit(MW) [20 20 20 20 20

The IESO requires the installation of a dynamic reactive power device with a capability of
-33/+48Mvar at the solar collector buses as well as a static reactive power device of +50Mvar at
the wind collector buses. The static reactive compensation is to be shared between at least five
switchable shunt capacitors®.

Each Siemens SWT-2.3 WTG is rated at 2.556MVA, +/- 0.9 power factor but limited to
2.221MW output. Each SC 500HE-US solar inverter operates at unity power factor when
operating at full (500kW) output.

The 20km customer transmission line will connect the GREP 230/34.5kV collector substation to
Hydro One’s N5M circuit. The customer’s connection line will be approximately 19.3km of
overhead line, and 0.7km of underground cable, with breakers as shown in Figure 3

! IESO Grand Renewable Energy Park Project System Impact Assessment, CAA 1D 2010-399



To Nanticoke TS N5M 230kV To Caledonia TS, Middleport TS

Inverter Transformer:

0.7km
34.5/0.208/0.208kV,
19.3km Overhead l 0/0.5/0.5MVA

Underground T -
‘ Cable \' Transmission Line Z=5% per winding

WTG Transformer: +

VAN
A 34.5-0.690kV, 2.5MVA

Z=6% Solar Inverter
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2.556MVA, 0.9pf 0.5MW, 0.2kV
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Compensation Compensauon 40 solar inverters
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Figure 3: GREP connection to N5SM

1.2 Study Scope

The CIA Study is a requirement of the Ontario Energy Board (OEB) to assess the potential
impacts of the proposed GREP Project on the existing transmission connected customer(s). The
following areas are reviewed:

e  Supply capacity/reliability
e Voltage and thermal performance
e  Short circuit analysis

e Preliminary outage impact assessment

1.3 Customer Connections

The focus of this study was on customers supplied by stations directly connected to circuit NSM
and other 230kV circuits originating from Nanticoke TS, as well as the Caledonia 115kV system
(circuits C9 and C12). Affected customers are shown in Table 3.



Table 3: Transmission Customers connected in the study area

Station Customer

Imperial Oil Nanticoke CGS | Imperial Oil Limited - Nanticoke
U.S. Steel Canada -

Nanticoke CTS U.S. Steel Canada Inc.
Haldimand County Hydro Inc.

Jarvis TS Hydro One Networks Inc.

Nanticoke GS Ontario Power Generation Inc. [Nanticoke GS]
Haldimand County Hydro Inc.

Caledonia TS Hydro One Networks Inc.

Bloomsburg MTS Norfolk Power Distribution Inc.

Norfolk Power Distribution Inc.
Norfolk TS Hydro One Networks Inc.

2 METHODOLOGY AND CRITERIA

2.1 Planning Criteria

The IESO’s Ontario Resource and Transmission Assessment Criteria (ORTAC) forms the basis
for the planning criteria used in this CIA.

2.1.1 Voltage Change Limits

With all planned facilities in service pre-contingency, system voltage changes in the period
immediately following a contingency shall not result in a voltage decline greater than 10% for
pre-transformer tap-changer action (including station loads less than 50kV) and 10% post-
transformer tap-changer action (5% for station loads less than 50kV). In addition, the steady state
voltage at station loads less than 50kV are to remain within 6% of the nominal voltage.

2.1.2 Short Circuit Limitations

Appendix 2 of the transmission system code (TSC) specifies the maximum symmetrical three
phase and single line to ground short circuit levels. These limits are summarized in Table 4.



Table 4: Transmission System Code Short Circuit Limits

Nominal Voltage (kV) | Max. 3 Phase Fault (kA) | Max. SLG Fault (kA)
230 63 go®

115 50 50

27.6 (4-wire) 17@ 12

13.8 21@ 10%@

Notes:

(1) Usually limited to 63kA

(2) Effective September 1, 2010, Hydro One requires a 5% margin on the acceptable TSC
limits at voltage levels of <50kV to account for other sources of fault current on the
distribution system such as unmodeled synchronous motors and data inaccuracies.

2.2 Study Assumptions

Summer 2010 peak loading conditions were assumed in this study.

Hydro One is aware of the following additional two transmission connected renewable generation
projects that intend to connect in the study area:

e Summerhaven Wind Energy Centre (connection to circuit N1M) — 124MW
o Port Dover and Nanticoke Wind Project (connection to circuit N2M) — 105MW
The results of this CIA include the impact of these other two generation projects.

Nanticoke GS has historically operated with up to 8 units in-service. Two of these units were
closed on September 30, 2010. The following future bulk system conditions were assumed in this
study:

e Nanticoke GS: 2 units in-service at 240kV, 4 units in-service at 500kV
o Nanticoke TS: 350Mvar SVC at the 500kV bus

e New Bruce to Milton 500kV double circuit transmission line in-service



3 STUDY RESULTS

The proposed GREP Project is not expected to adversely impact the transmission connected
customers in the area. The findings of this CIA are summarized below.

3.1 Supply Capacity/Reliability

The proposed point of connection on circuit N5M has enough capacity to incorporate the plant’s
full capacity.

The proposed point of connection will not adversely affect supply reliability to customers
connected to this line.
3.2 Voltage and Thermal Performance

The thermal and voltage study considered the impact of the GREP interconnection on the local
transmission system. The study included the following contingencies:

o Loss of GREP

¢ N1M north and south of Summerhaven Connection

¢ N2M north and south of the Port Dover and Nanticoke Wind Project Connection
o Double circuit loss of NIM and N2M for circuit sections on a common tower

e N5M, N6M, N5M and N6M

e N21J, N22J, N21J and N22J]

e N580M, N581M

o N582L

e Loss of Nanticoke TS 500/230kV autotransformer

The analysis reviewed the effect of contingencies both before and after tap changer action. Both
Norfolk TS and Bloomsburg MTS are supplied by the Caledonia 115KV circuits C9 and C12. The
loads at these two stations were assumed to be voltage dependent in the before tap changer
analysis; constant power loads were assumed in all other cases.

In all of the contingencies studied, the post-contingency voltage changes in the affected area met
the criteria outlined in Section 2.1.1. Detailed results are shown in Appendix A. None of the
above contingencies resulted in thermal overloads on the affected circuits.

3.3 Short Circuit Analysis

The short circuit analysis reviews the short circuit levels at customer buses with GREP in-service.
The incremental short circuit contribution from GREP on customer buses is summarized in
Appendix B. All customers are required to check to ensure that the equipment and grounding
system at their stations meet the expected increase in fault level.



3.3.1 Impact at Stations Previously Mitigated for Fault Level

Where, Customer Impact Assessment studies conducted for projects that have either previously
connected or plan to connect prior to the connection date planned for this project have identified
stations at less than 50 kV where the fault level is within 5% of the values in Appendix 2 of the
Transmission System Code (TSC); Hydro one requires connecting proponents who elevate fault
levels within the 5% margin to contribute to the cost of installing mitigating measures to reduce
the fault level below 95% of the TSC limit. Hydro One applies a 5% margin to maximum short
circuit levels in the TSC to manage uncertainties in the calculation of expected short circuit
levels. The TSC requires that any customer that benefits from such an installation that connects
within five calendar years of the in-service date of the mitigation measure also contribute towards
the cost of the measure, and that any such payments be refunded to the original contributing
customer(s). This Section of this CIA report is to report on the impact that this project has at
those previously mitigated stations to see if this project is required to financially contribute to the
cost for any of those measures.

Table 5: GREP impact on 3 phase fault levels at stations previously mitigated for fault

levels

Station 3ph Sym. Fault level 3ph Sym. Fault level with | Difference
without GREP* (kA) GREP (kA)

Windsor Walker 17.57 17.57 0.00

TS#1

Martindale Z 14.91 14.91 0.00

Caledonia TS 16.51 16.53 0.02

Kingsville TS 16.90 16.90 0.00

* Includes future generation projects expected to be in-service prior to GREP

Table 6: GREP impact on single line to ground (SLG) fault levels at stations previously
mitigated for fault levels

Station SLG Sym. Fault level SLG Sym. Fault level Difference
without GREP* (kA) with GREP (kA)

Windsor Walker 3.50 3.50 0.00

TS #1

Martindale Z 19.78 19.78 0.00

Caledonia TS 9.91 9.91 0.00

Kingsville TS 11.91 11.91 0.00

* Includes future generation projects expected to be in-service prior to GREP

The results of the fault level studies in the tables above show that the GREP Project has a
measureable (>= 0.01kA) impact at the fault level at Caledonia TS and hence has to make a
contribution towards the cost of the mitigation measures installed for this problem.




3.4 Preliminary Outage Impact Assessment

The work required to connect GREP to circuit N5M will involve outages to this circuit and these
outages will be coordinated with existing transmission customers. With appropriate construction
and outage planning, it is expected that the connection of GREP can be performed with minimal
supply impact to the existing transmission customers.

4 CONCLUSIONS AND RECOMMENDATIONS

This CIA study has reviewed the impact of the GREP Project on the existing transmission
customers in the vicinity of the proposed connection. The results show that this project does not
adversely affect existing customers in the area. The short circuit results show that the GREP
Project is required to make a contribution towards the cost of short circuit mitigation measures
required at Caledonia TS because it elevates fault levels within the 5% margin.

All customers are required to check to ensure that the equipment and grounding system at their
stations meet the expected increase in fault level.



APPENDIX A
Voltage Study Results



Voltage change was modeled both before and after under load tap changer action was reviewed.
The Summerhaven, Port Dover and Nanticoke Wind and Grand Renewable Energy Park Projects
were assumed in-service. The following contingencies were studied:

e Loss of GREP

e N1M North and South of Summerhaven connection

e N2M North and South of Port Dover and Nanticoke Wind connection

e NI1M North and N2M North
e NI1M North and N2M South
e NI1M South and N2M South
o N5M, N6M, N5M and N6M
o N21J, N22J, N21J and N22J
e N580M, N581M

o N582L

e Loss of Nanticoke TS 500/230kV autotransformer

Buses where the voltage change was greater than 2% are shown in the following tables.

Contingency N1M North of Summerhaven Connection

Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Caledonia TS (27.6kV) 232.5 225.1 -3.2% 230.8 -0.8%
Contingency N2M North of Port Dover Nanticoke Wind Connection
Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change

Caledonia C9 (115kV) 123.8 120.7 -2.5% 1195 -3.5%
Bloomsburg MTS (27.6kV) 27.8 25.2 -9.5% 28.2 1.1%
Norfolk TS (27.6kV) 28.7 26.4 -8.0% 28.8 0.5%




Contingency N1M North of Summerhaven

N2M North of Port Dover Nanticoke Wind

Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Caledonia C9 (115kV) 123.8 120.2 -2.9% 119.5 -3.4%
Bloomsburg MTS (27.6kV) 27.8 25.1 -9.9% 28.1 1.1%
Caledonia TS (27.6kV) 29.2 28.1 -3.7% 29.3 0.5%
Norfolk TS (27.6kV) 28.7 26.2 -8.4% 28.8 0.4%
Contingency N1M North of Summerhaven, N2M South of Port Dover Nanticoke Wind
Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Caledonia TS (27.6kV) 29.2 28.2 -3.4% 29.3 0.3%
Contingency N6M
Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Caledonia C12 (115kV) 123.9 120.6 -2.7% 119.3 -3.7%
Bloomsburg MTS (27.6kV) 27.8 25.1 -9.7% 28.0 0.5%
Norfolk TS (27.6kV) 28.7 26.1 -9.1% 28.7 0.1%
Contingency N5M
Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Caledonia TS (27.6kV) 29.2 28.2 -3.4% 29.3 0.3%
Contingency N5M, N6M
Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Caledonia C12 (115kV) 124.0 120.2 -3.0% 119.3 -3.7%
Bloomsburg MTS (27.6kV) 28.2 254 -9.9% 28.4 0.8%
Caledonia TS (27.6k) 29.2 28.1 -3.8% 29.2 0.2%
Norfolk TS (27.6kV) 28.6 26.0 -9.3% 28.7 0.1%




Contingency N21J

Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Jarvis TS (27.6kV) 29.0 28.2 -2.6% 29.3 1.0%
US Steel A1A2 (13.8kV) 14.5 14.1 -2.5% 14,5 -0.4%
US Steel B1B2 (13.8kV) 14.5 14.1 -2.5% 14,5 -0.4%
Contingency N22J
Initial Voltage | Before ULTC After ULTC
Bus (kV) (kV) Change (kV) Change
Jarvis TS (27.6kV) 29.0 28.3 -2.4% 29.0 -0.1%
US Steel A1A2 (13.8kV) 14.5 14.2 -2.5% 14,5 -0.4%
US Steel B1B2 (13.8kV) 14.5 14.2 -2.5% 14,5 -0.4%




APPENDIX B
Short Circuit Analysis



Before GREP (4) (kA) After GREP (kA) Incremental (kA) Limiting
3 Phase L-G 3 Phase L-G 3-Phase L-G RaBtliﬁﬁgk(i;)
Bus # Bus Name Max kV Sym Asym Sym | Asym Sym Asym Sym | Asym | Sym | Asym | Sym | Asym | Sym | Asym
5954 Bloomsburg JQ 29.0 6.765 7.511 | 5.656 | 6.887 6.766 7.512 | 5.656 | 6.888 | 0.001 | 0.001 | 0.000 | 0.001 | (2) (2)
5415 Bloomsburg T2 127.1 3.238 3.453 | 1.966 | 2.033 3.239 3454 | 1.967 | 2.033 | 0.001 | 0.001 | 0.001 | 0.000 - -
5411 Bloomsburg T1 127.0 3.239 3.454 | 1962 | 2.028 3.240 3455 | 1.962 | 2.028 | 0.001 | 0.001 | 0.000 | 0.000 - -
5968 Caledonia BY 29.0 | 16514 | 21.641 | 9.908 | 13.927 | 16.532 | 21.673 | 9.912 | 13.935 | 0.018 | 0.032 | 0.004 | 0.008 | 22.00 | 23.10
Imperial Oil
6271 Nanticoke 29.0 | 13128 | 17.705| 1.280| 1460 | 13.131| 17.708 | 1.280 | 1.460 | 0.003 | 0.003 | 0.000 | 0.000 | (2) (2)
Imperial Oil
5145 Nanticoke 250.0 | 29.561 | 37.712 | 26.079 | 31.783 | 29.790 | 37.974 | 26.198 | 31.905 | 0.229 | 0.262 | 0.119 | 0.122 - -
6083 Jarvis BY® 20.0 | 14.346 | 18.294 | 9.170 | 12.686 | 14.349 | 18.299 | 9.171 | 12.688 | 0.003 | 0.005 | 0.001 | 0.002 | 22.00 | 23.10
5105 Nanticoke 250.0 | 41.883 | 59.462 | 41.869 | 62.010 | 42.386 | 60.171 | 42.203 | 62.506 | 0.503 | 0.709 | 0.334 | 0.496 | (2) 2
5003 Nanticoke 550.0 | 30.904 | 42.977 | 33.138 | 47.973 | 31.037 | 43.179 | 33.240 | 48.137 | 0.133 | 0.202 | 0.102 | 0.164 | (2) 2
6164 Norfolk BY 29.0 8.566 8.566 | 7.826 | 8.529 8.568 8.568 | 7.827 | 8.530 | 0.002 | 0.002 | 0.001 | 0.001 | 9.60 | 9.95
6230 US Steel A 142 | 19.695| 26.173 | 0.752 | 0.752 | 19.702 | 26.183 | 0.752 | 0.752 | 0.007 | 0.010 | 0.000 | 0.000 | (2) (2)
6231 US Steel B 142 | 19.695| 26.173 | 0.752 | 0.752 | 19.702 | 26.183 | 0.752 | 0.752 | 0.007 | 0.010 | 0.000 | 0.000 | (2) (2)
5279 US Steel D1 250.0 | 22.491 | 28.904 | 18.735 | 22.401 | 22.635 | 29.071 | 18.802 | 22.468 | 0.144 | 0.167 | 0.067 | 0.067 - -
5280 US Steel D2 250.0 | 22491 | 28.904 | 18.765 | 22.429 | 22.635 | 29.071 | 18.832 | 22.497 | 0.144 | 0.167 | 0.067 | 0.068 - -

Notes:

(1) Includes current limiting reactors being installed at Jarvis TS

(2) Customer to check and verify breaker rating

(3) Contact parting times used are as follows: 230kV and higher buses: 25ms, Norfolk BY 27.6kV: 50ms, all other buses: 33ms

(4) Includes future generation projects expected to be in-service prior to GREP




	Tues Aug 2-2011 GRWLP_SUB_CIA_20110729.pdf
	CIA_CoverPage_signed
	FINAL GREP CIA_6May2011
	1 INTRODUCTION
	1.1 Generating Station Connection
	1.2 Study Scope
	1.3 Customer Connections

	2 METHODOLOGY AND CRITERIA
	2.1 Planning Criteria
	2.1.1 Voltage Change Limits
	2.1.2 Short Circuit Limitations

	2.2 Study Assumptions

	3 STUDY RESULTS
	3.1 Supply Capacity/Reliability
	3.2 Voltage and Thermal Performance
	3.3 Short Circuit Analysis
	3.3.1 Impact at Stations Previously Mitigated for Fault Level

	3.4 Preliminary Outage Impact Assessment

	4 CONCLUSIONS AND RECOMMENDATIONS





