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Ontario Energy Board (Board Staff) INTERROGATORY #1 List 1 1 

 2 

Interrogatory 3 

 4 

Ref: Letters of Comment 5 

 6 

The Ontario Energy Board (the “Board”) has received a number of letters of comment in 7 

relation to Hydro One’s project. As a justification for why the project should not be approved 8 

by the Board, some of the letters of comment draw reference to a s tudy, dated November 22, 9 

2012 that was undertaken by Hydro One to assess the feasibility and effectiveness of shifting 10 

load from lines south of the Niagara escarpment to lines north of the Niagara escarpment, to 11 

accommodate the 230 MW output of the proposed wind farm (the “Feasibility Study”). 12 

 13 

Please review the related letters of comments and provide Hydro One’s views and assessment of 14 

the concerns that have been noted in these letters specifically in relation to the findings of the 15 

Feasibility Study. 16 

Response 17 

 18 

Hydro One has reviewed the letters of comment that have been submitted and notes that there 19 

has been a misinterpretation with respect to the purpose of the feasibility study issued on 20 

November 22, 2012  (see Attachment 1).  Some comments are drawing on t he unfavourable 21 

report findings to indicate that Hydro One’s proposal submitted to the OEB in this application 22 

has technical problems and compromises the reliability of Ontario’s electricity grid to justify 23 

why this connection project should not be approved by the Board.  However, the purpose of this 24 

study was to assess the feasibility and effectiveness of shifting load from lines south of the 25 

escarpment to lines north of the escarpment to accommodate the 230 MW output of the 26 

proposed wind farm (versus the proposed solution).  This report was undertaken in response to a 27 

request received from the Mountainview Niagara Escarpment Community Association (“the 28 

Association”) (see Attachments 2 and 3) and concluded that such an arrangement was not 29 

feasible and therefore the option was not pursued.  This study did not assess the feasibility of 30 

the 25 km upgrade to the Q5G line.  31 

 32 

The SIA and CIA reports filed in Exhibit B, Tab 6, S chedules 3 and 4 have assessed Hydro 33 

One’s submitted proposal and have concluded that the proposed connection of the project as 34 

proposed in this Leave to Upgrade application, subject to the requirements specified in the 35 

reports, is expected to have no material adverse impact on the reliability of the integrated power 36 

system. The IESO has issued a Notification of Conditional Approval for Connection of the 37 

Niagara Region Wind Farm subject to the implementation of the requirements outlined in the 38 

reports. 39 

 40 

 41 

For completeness of the record, Hydro One notes that Niagara Region Wind Corporation 42 

proposed changes to the Niagara Region Wind Farm (NRWF) and as such addendums to the 43 

final SIA and CIA were completed. 44 

 45 
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The changes to the NRWF included: 1 

 2 

1. The 44 kV collector system being changed to a 34.5 kV collector system. Also, the collector 3 

system will change to a completely underground collector system; 4 

2. There will be two collector substations where the 34.5 kV collection voltages are stepped up 5 

to 115 kV; 6 

3. There will be several lengths of 115 kV underground cable required for the tap line and the 7 

circuit between two collector substations 8 

 9 

The addendums to the CIA and SIA have been attached as Attachments 4 a nd 5 t o this 10 

interrogatory response.  The assessments concluded that: 11 

 12 

• Proposed changes to the project would not result in new requirements for the connection of 13 

the project, 14 

• Hydro One customers connected to this line will not be negatively impacted, and 15 

• Short circuit levels and voltage variations are within acceptable limits 16 
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System Impact Assessment Report 

Acknowledgement 

The IESO wishes to acknowledge the assistance of Hydro One in completing this assessment. 

Disclaimers 

 

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 conditional approval or 

disapproval of the proposed connection under Chapter 4, section 6 of the Market Rules. 

Conditional approval of the proposed connection is based on information provided to the IESO by the 

connection applicant and Hydro One at the time the assessment was carried out. The IESO assumes 

no responsibility for the accuracy or completeness of such information, including the results of 

studies carried out by Hydro One at the request of the IESO. Furthermore, the conditional approval is 

subject to further consideration due to changes to this information, or to additional information that 

may become available after the conditional approval has been granted. 

If the connection applicant has engaged a consultant to perform connection assessment studies, the 

connection applicant acknowledges that the IESO will be relying on such studies in conducting its 

assessment and that the IESO assumes no responsibility for the accuracy or completeness of such 

studies including, without limitation, any changes to IESO base case models made by the consultant. 

The IESO reserves the right to repeat any or all connection studies performed by the consultant if 

necessary to meet IESO requirements.  

Conditional approval of the proposed connection means that there are no significant reliability issues 

or concerns that would prevent connection of the proposed project to the IESO-controlled grid. 

However, the conditional approval does not ensure that a project will meet all connection 

requirements. In addition, further issues or concerns may be identified by the transmitter(s) 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, the connection applicant must be aware that the IESO may revise drafts of this report at any 

time in its sole discretion without notice to the connection applicant. 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 the most recent version of this report is being used. 
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Hydro One 

The results reported in this report are based on the information available to Hydro One, at the time of 

the study, suitable for a System Impact Assessment of this 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 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 facilities on 

load and generation customers. 

In this report, short circuit adequacy is assessed only for Hydro One circuit breakers. The short circuit 

results are only for the purpose of assessing the capabilities of existing Hydro One circuit breakers 

and identifying upgrades required to incorporate the proposed facilities. These results should not be 

used in the design and engineering of any new or existing facilities.  The necessary data will be 

provided by Hydro One and discussed with any connection applicant 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 project 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 facilities have 

been identified to the extent permitted by a System Impact Assessment under the current IESO 

Connection Assessment and Approval process.  Additional project 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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Executive Summary  

Notification of Conditional Approval 

Niagara Region Wind Corporation (the “connection applicant”) has proposed the following changes 

to Niagara Region Wind Farm (the “project”), whose original SIA was finalized in July 27, 2012:  

(1) The 44 kV collector system has been changed to a 34.5 kV collector system. In addition, the 

collector system will change from a combination underground and overhead system to a 

completely underground collector system; 

(2) There will be two collector substations where the 34.5 kV collection voltages are stepped up to 

115 kV; 

(3) There will be several lengths of 115 kV underground cable required for the tap line and the circuit 

between two collector substations. 

This assessment concluded that the proposed changes to the project would not result in new 

requirements for the connection of the project. The connection of the project, operating up to 230 

MW, subject to the requirements specified in the original SIA report, is expected to have no material 

adverse impact on the reliability of the integrated power system. It is recommended that a Notification 

of Conditional Approval for Connection be issued for the Niagara Region Wind Farm subject to the 

implementation of the requirements outlined in the original SIA report.  

Rationale for Conditional Approval for Connection 

We have analyzed the changes to the project on the system reliability of the IESO-controlled grid, and 

based on our study results, we have identified that: 

1. Based on the proposed connection configuration at Beach TS for the project, under the outage of 

115 kV breaker H3H5, H5H7, or “New CB” (breaker designation to be assigned by Hydro One 

during facility registration) at Beach TS, the project would have to curtail its output unless a local 

special protection scheme (SPS) monitoring the status of 115 kV breakers at Beach TS is 

implemented. 

2. There will be no short circuit concern after the incorporation of the project. 

3. The reactive capability of the project will be able to meet the Market Rules based on the 

equivalent collector impedance parameters provided by the connection applicant. 

4. Thermal and voltage assessment results in the original SIA are not expected to change. 

5. The Wind Turbine Generators (WTG) of the project and the power system are expected to be 

transiently stable following recognized fault conditions. 

6. The proposed WTGs will be capable of remaining connected to the grid for recognized system 

contingencies which do not remove the project by configuration.  

– End of Section – 
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1. Introduction 

In 2012, Niagara Region Wind Corporation (the “connection applicant”) submitted an SIA 

application for the 230 MW wind farm located in West Lincoln and Haldimand County, Ontario, to 

be known as Niagara Region Wind Farm (NRWF, the “project”). The project had been awarded a 

Power Purchase Agreement under the Feed-In Tariff (FIT) program with the Ontario Power 

Authority.  It was expected that full commercial operation would start on February 23, 2014. 

The IESO completed the SIA study for the project and issued the final SIA report at July 27, 2012. 

The connection applicant recently submitted material changes to the original application, therefore 

further assessment of the connection proposal was required. The changes primarily include: 

(1) The 44 kV collector system has been changed to a 34.5 kV collector system. In addition, the 

collector system will change from a combination underground and overhead system to a 

completely underground collector system; 

(2) There will be two collector substations where the 34.5 kV collection voltages are stepped up to 

115 kV; 

(3) There will be several lengths of 115 kV underground cable required for the tap line and the circuit 

between two collector substations. 

Additionally some of Enercon E-101 FT wind turbines have been replaced by other Enercon E-101 

models FTS or FTQS to meet the reactive power requirements of the Market Rules. The modified 

project is described as below:  

Wind Turbine Generators 

The WTGs will a mix of Enercon E-101 FT, FTS, and FTQS, rated 3 MW each. The primary voltage 

of generator’s step-up transformers has been changed from 44 kV to 34.5 kV. The project will be 

composed of 77 WTGs, totaling 231 MW. 

Collector System 

The WTGs will be arranged into 9 collectors. There will be two collector substations: North and 

South substations. The North Substation will consist of 5 collectors (Collector 4, 5, 6, 7, and 8) with 9 

WTGs (3 FT, 2 FTS, and 4 FTQS) on each collector. The South Substation will consist of 4 collectors 

(Collector 1, 2, 3, and 9) with 8 WTGs (4 FT, 2 FTS, and 2 FTQS) on each. Each collector will be 

connected to a 34.5 kV bus via a circuit breaker at either North or South substation. Each substation 

will include one 34.5/115kV main step-up transformer with a circuit breaker at both sides to connect 

the 34.5 kV bus to the 115 kV bus. 

Transmission Facilities 

The 115 kV circuit between the two substations will be a mix of 9 km overhead line and 1.29 km 

underground cable. There will be a circuit breaker at each end. The North Substation will be 

connected to the connection point via a tap line combining a 30.75 km overhead line and a 4.31 km 

underground cable. There will be a circuit breaker and two motorized disconnect switches on the tap 

line at the connection point. The connection point will be on Hydro One’s de-commissioned 115 kV 

circuit, former Q5G, approximately 25 km from Beach TS, which will be returned to service by 

adding a new circuit breaker to the loop bus configuration at Beach 115 kV.  

The single-line diagram of the project is shown in Figure 1. 
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Figure 1: Revised single line diagram of the project 

– End of Section –  
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2. Data Verification 

2.1 Connection Arrangement 

With all elements in-service, the connection arrangement of the project shown in Figure 1 is not 

expected to reduce the level of reliability of the integrated power system and is, therefore, acceptable 

to the IESO. 

However, under some outage condition of one 115 kV breaker at Beach TS, there is a probability two 

breakers at Beach 115 kV are lost at the same time. Specially, the loss of breakers H3H5 and “New 

CB” would occur when the system is subject to Beach T8 contingency under the outage of breaker 

H3H5, or circuit H5K contingency under the outage of breaker “New CB”; and the loss of breakers 

H5H7 and “New CB” would occur for Beach T8 contingency under the outage of breaker H5H7, or 

Beach T7 contingency under the outage of breaker “New CB”. 

When breaker H3H5 and “New CB” are lost, the project would be radially connected to circuit HL3 

only, and the power output of the project would flow into the system through two transformers and 

the low-voltage bus of each station on circuits HL3/HL4, as shown in Figure 2. This may result in 

reverse flow through the transformers on circuit HL4. Similarly, the loss of breakers H5H7 and “New 

CB” may result in reverse flow through transformers on circuit H6K as well. 

 

 

Figure 2: Connection of the project to the system for loss of two Beach 115 kV breakers 
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Hydro One confirmed that some transformers at the stations on HL3/HL4 and H5K/ H6K have no 

reverse flow capability. To prevent reverse flow through these transformers, the project will have to 

curtail its output under the outage of breaker H3H5, H5H7, or “New CB”. Alternatively, a local 

special protection scheme (SPS) monitoring status of these breakers at Beach TS could be 

implemented. The SPS would be normally armed and would reject the project’s output upon detection 

of radial connection of the project to circuit HL3 or circuits HL3 and H5K. 

2.2 Wind Turbine Generators 

The WTGs to be used will be Enercon E-101 FT, FTS and FTQS. Each WTG is a three bladed, 

variable pitch, variable speed, and full conversion WTG system. Their specifications are shown in 

Table 1. 

Table 1: Specifications of proposed WTGs 

Type 
Rated 

Voltage 

Rated 

MVA 

Rated 

MW 

GSU Transformer Qmax 

(Mvar) 

Qmin 

(Mvar) 

Id” 

(pu) 
MVA R X 

E-101 FT/FTS 400 V 3.5 3 3.5 - 6% 1.7 -1.7 1.249 

E-101 FTQS 400 V 3.8 3 3.8 - 6% 2.2 -2.2 1.363 

E-101 FTS and FTQS WTGs are wind turbines adopting the STATCOM option, as shown in Figure 

3, which enables a WTG to provide full reactive capability at low generating output.  

 

Figure 3: P/Q diagram of an ENERCON WTG with the STATCOM option 
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2.2.1 Voltage Ride-Though Capability 

The Enercon E-101 FT, FTS or FTQS wind turbine provides a voltage ride-through capability. 

During a voltage drop/raise, the minimum time for a WTG to remain online is shown in Table 2.  

Table 2: WTG voltage ride-through capability 

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

V<80 5 

0.9<V<120 Continuous 

V>120 0.09 

The low voltage ride-through (LVRT) capability of the proposed WTGs was verified by performing 

transient stability studies as detailed in Section 3.5. 

2.2.2 Frequency Ride-Through Capability 

The Enercon E-101 FT, FTS, or FTQS wind turbine is capable of continuous operation within the 

frequency band of 53 Hz to 67 Hz. Based on the model provided by the connection applicant, the 

WTG can operate continuously within the range of 57 Hz to 60.7 Hz.  

The Market Rules state that the generation project directly connecting to the IESO-controlled grid 

shall operate continuously between 59.4 Hz and 60.6 Hz and for a limited period of time in the 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). 

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

2.3 Main Step-Up Transformers 

Table 3: Main step-up transformer data 

TS 

Nominal 

Voltage 

(kV) 

Rating (MVA) 

(ONAN/ONAF 

/ONAF) 

Positive Sequence 

Impedance (pu) 

SB= 75 MVA 

Configuration Zero Sequence 

Impedance (pu) 

SB= 100 MVA 

Tap 
HV LV 

North 115/34.5 85/113/150 j0.1175 Yg Δ N/A 
ULTC at HV 

±15%, 33 steps 

South 115/34.5 65/86/115 j0.088 Yg Δ N/A 
ULTC at HV 

±15%, 33 steps 

2.4 Collector System 

Table 4: Equivalent impedance and numbers of WTGs of collectors 

Substation Collector 
Unit# 

MW 

Positive-Sequence Impedance 

(pu, SB=100 MVA) 

Zero-Sequence Impedance 

(pu, SB=100 MVA) 

FT FTS FTQS R X B R X B 

South 

C1 4 2 2 24 0.1022 0.0788 0.01635 0.344 0.1332 0.01635 

C2 4 2 2 24 0.0516 0.055 0.00685 0.1927 0.0634 0.00685 

C3 4 2 2 24 0.0543 0.0336 0.00833 0.1788 0.0683 0.00833 



System Impact Assessment Report Public Data Verification 

Addendum – September 23, 2013 CAA ID 2012-466 7 

C9 4 2 2 24 0.0735 0.0401 0.01094 0.2278 0.0998 0.01094 

North 

C4 3 2 4 27 0.0445 0.033 0.01224 0.188 0.076 0.01224 

C5 3 2 4 27 0.0758 0.0455 0.01599 0.2358 0.0986 0.01599 

C6 3 2 4 27 0.0993 0.0808 0.01873 0.33 0.1229 0.01873 

C7 3 2 4 27 0.0892 0.0959 0.0222 0.3472 0.1164 0.0222 

C8 3 2 4 27 0.0654 0.0564 0.01341 0.2596 0.0967 0.01341 

2.5 Connection Equipment 

2.5.1 115 kV Switches 

No change. 

2.5.2 115 kV Circuit Breakers 

No change. 
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2.5.3 115 kV Circuits 

Table 5: Parameters of 115 kV circuits 

Circuit 

Positive-Sequence Impedance 

(pu, SB=100 MVA, VB=118 kV) 

Zero-Sequence Impedance 

(pu, SB=100 MVA, VB=118 kV) 

R X B R X B 

Beach TS to Connection Point 0.00748 0.0748 0.01431 0.0449 0.21223 0.01065 

Connection Point to North Sub 0.00609 0.06817 0.14769 0.05308 0.23557 0.13334 

North Sub to South Sub 0.00358 0.03996 0.02202 0.0311 0.13794 0.01992 

2.6 Wind Farm Control System 

No change. 

-End of Section- 
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3. Assessments 

3.1 Short Circuit Assessments 
Fault level studies were updated by the transmitter to examine the effects of the project on fault levels 

at existing facilities close to the project. Table 6 summarizes the fault levels at facilities near the 

project.  

Table 6: Fault levels at facilities near the project 

Station 
Before the Project After the Project 

Lowest Rated Circuit Breaker  (kA) 
3-phase L-G 3-Phase L-G 

Symmetrical Fault (kA)* 

BEACH 115 kV 27.39 32.57 27.52 32.74 39.3 

BEACH  230 kV 38.06 35.78 38.63 36.34 41.1 

BURLINGTON 115 kV 40.33 43.82 40.42 43.91 40 (existing)/50 (New)** 

BURLINGTON 230 kV 52.63 44.24 52.99 44.46 63 

TRAFALGAR  230 kV 65.00 62.86 65.17 62.96 80 

BECK 2  230 kV 58.57 65.29 58.64 65.34 69.5 

BECK1  115 kV 24.71 29.37 24.71 29.37 36 

ALLANBURG  115 kV 35.86 40.15 35.87 40.16 40 (existing)/50 (New)** 

NRWF PCC    115 kV 6.05 3.84 7.23 5.54 20 

Asymmetrical Fault (kA)* 

BEACH 115 kV 33.84 42.24 34.07 42.51 45.5 

BEACH  230 kV 45.20 45.94 45.93 46.67 50 

BURLINGTON 115 kV 49.58 56.40 49.71 56.52 45.5 (existing)/60 (New)** 

BURLINGTON 230 kV 63.56 56.85 63.99 57.12 75.6 

TRAFALGAR  230 kV 84.86 86.92 85.06 87.05 92 

BECK 2  230 kV 80.52 92.92 80.59 92.98 81.5 

BECK1  115 kV 30.05 37.41 30.05 37.41 39 

ALLANBURG  115 kV 43.20 50.15 43.21 50.16 45.5 (existing)/60 (New)** 

NRWF PCC    115 kV 6.50 6.28 7.92 5.85 20 

* Based on a pre-fault voltage level of 550 kV for 500 kV buses, 250 kV for 230 kV buses, and 127 kV 

for 115 kV buses.  

**As per the CAA ID 2006-EX299 & 2011-EX542 the 115 kV breakers at this station will be 

upgraded before the project comes in service. 

As stated in the original SIA report, the asymmetrical fault level at Beck 2 230 kV switchyard 

exceeds the interrupting capability of the existing breakers before the connection of the project. 

Hydro One ensures that the current fault levels at the existing facilities are within the interrupting 

capabilities of the existing breakers and is continuously monitoring the fault levels with every new 

confirmed generation facility that connects to the Hydro One system. Hydro One has confirmed that 

mitigation measures are available such as opening the bus ties to effectively address the short circuit 

violation at Beck 2 230 kV switchyard if necessary. 

With the exception of circuit breakers at Beck 2 230 kV, the interrupting capability of the lowest 

rated circuit breakers near the project will not be exceeded after the incorporation of the project, and 

the interrupting capability of the 115 kV circuit breakers of the project are adequate for the 

anticipated fault levels. 
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3.2 Reactive Power Compensation 

Appendix 4.2 of the Market Rules 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 impedance between the generator and the connection point not greater than 13% 

based on rated apparent power provides the required range of dynamic reactive capability at the 

connection point. 

Dynamic reactive compensation (e.g. D-VAR or SVC) is required for a generating project which 

cannot provide a reactive power range of 0.90 lagging power factor and 0.95 leading power factor at 

rated active power. For a wind farm with impedance between the generator and the connection point 

greater than 13% based on rated apparent power, provided the WTGs have 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 that the wind farm compensates for excessive reactive losses in the collector 

system of the project with static shunts (e.g. capacitors and reactors).  

In addition, a wind farm is expected to inject or withdraw its full reactive power requirement for a 

10% voltage change at the connection point, without provision for tap changer action. The response 

time is expected to be similar to that of a synchronous generator that meets the minimum Market 

Rules’ requirements, outlined in Appendix 4.2 of the Market Rules, which is in the order of a few 

seconds.  

The connection applicant shall be able to confirm this capability during the commission tests. 

3.2.1 Dynamic Reactive Power Capability 

The Enercon E-101 FT, FTS and FTQS generators can deliver IESO’s required dynamic reactive 

power to the generator terminal at rated power and at rated voltage. Thus, there is no need to install 

any additional dynamic reactive power compensation device.  

3.2.2 Static Reactive Power Capability 

A generating facility shall inject or withdraw reactive power at the connection point up to 33% of its 

rated active power at all levels of active power output, which is 76.7 MVAr for this project. 

(1) Maximum Power Output Level 

To justify the need for static capacitive compensation under maximum power output of the project, 

studies were performed with the following simulations: 

 Typical low voltage of 120.4 kV at the connection point; 

 Terminal voltage limit of WTGs assumed 1.2  pu; 

 Both main step-up transformers set to a tap position of 127 kV; 

 Voltage limits at 115 kV buses and collector buses at South and North substation assumed 

133 kV and 38 kV, respectively; 

The project could supply a maximum reactive power of 79.8 MVAr at the connection point, meeting 

the Market Rules’ requirements. 

(2) Low Power Output Level 
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To justify the need for static capacitive compensation under low power output of the project, studies 

were performed with the following simulations: 

 Zero power output from WTGs; 

 Typical low voltage  of 120.4 kV at the connection point; 

 Terminal voltage limit of WTGs assumed 1.2 pu; 

 Both main step-up transformers set to a tap position of 127 kV; 

 Voltage limits at 115 kV buses and collector buses at South and North substation assumed 

133 kV and 38 kV, respectively; 

The project could inject a maximum reactive power of 110.2 MVAr at the connection point, meeting 

the Market Rules’ requirements. 

Studies were also performed with the following simulations for the need of inductive compensation: 

 Zero power output from WTGs; 

 Typical high voltage  of 123.5 kV at the connection point; 

 Terminal voltage limit of WTGs assumed 0.9 pu; 

 Both main step-up transformers set to a tap position of 115.6 kV; 

The project could absorb a maximum reactive power of 76.8 MVAr at the connection point, meeting 

the Market Rules’ requirements. 

Table 7 shows the voltage results of 115 kV and collector buses of substations of the project 

corresponding the above three scenarios. The IESO’s reactive power calculation used the equivalent 

electrical model for the WTGs and collector feeders as provided by the connection applicant. It is 

very important that the project 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 project’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 project in a shared 

amount. 

Table 7: Project’s reactive power capability at the connection point 

Operation 
QPCC 

(MVAr) 

VPCC 

(kV) 

Tap of Main 

Transformers 

(kV) 

V115kV_Bus  

North 

(kV) 

V115kV_Bus 

South 

(kV) 

Voltage at 

Collector Bus 

-North (kV) 

Voltage at 

Collector Bus 

-South (kV) 

P=Max, Lagging PF 79.8 120.4 127 128.8 131.0 37.7 38.0 

P=0, Lagging PF 110.2 120.4 127 128.5 130.0 37.5 37.1 

P=0, Leading PF -76.8 123.5 115.6 115.6 114.1 32.5 32.9 

 

(3) High Wind Conditions 

The connection applicant confirmed that under high wind conditions, the proposed WTGs would start 

pitching out the blades dynamically to continue injecting power into the grid and would not simply 

shut down. Thus, it is not expected any adverse impact of the project on the system under such 

conditions.  

(4) Fixed Taper Changer Action 
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Studies were performed for the voltage at the connection point changing from 108 kV to 127 kV with 

a fixed tap position of both step-up transformers set to 119 kV. Simulation results show (i) at rated 

power output and the voltage of 108 kV, the project could supply 78.1 MVAr reactive power at the 

connection point and (ii) at zero power output and the voltage of 127 kV, the project could absorb 

75.3 MVAr reactive power at the connection point. Therefore, the project is expected to inject or 

withdraw its full reactive power requirement for a 10% voltage change at the connection point, 

without relying on the tap changer action. 

3.2.3 Alternate DVAR Solution 

The connection applicant also proposed for the assessment an alternate reactive compensation 

solution of installing a DVAR device instead of adopting the STATCOM option for some of its wind 

turbines and requested a minimum size for the DVAR device. 

Additional simulations indicate that provided the DVAR device is installed at the 34.5 kV bus of the 

North Substation, the continuous rating of the DVAR device would be at least +52/-92 MVAr so that 

the project meets the reactive power requirements of the Market Rules.  

The DVAR device shall be integrated into the wind farm control system for automatic voltage control 

in coordination with the wind turbines. 

3.3 Steady-State Assessments 

Since the proposed changes to the project will not change the active power injection that was studied 

in the original SIA, thermal and voltage assessment results are not expected to change. Therefore, 

thermal assessment and voltage assessment in the original SIA report were not re-performed. 

3.4 Transient Stability Performance 

Transient stability simulations were completed to determine if the power system will be transiently 

stable with the incorporation of the project for recognized fault conditions. In particular, rotor angles 

of generators at Beck 2, Thorold, Decew Falls, Bruce, Pickering, and Halton Hills, and voltages close 

to the project were monitored.  

The 2014 summer peak load base case was used with the following assumptions: 

(1) The base case included all existing, committed and under-construction transmission facilities 

expected to be in-service in 2014;  

(2) The base case included all existing, committed and under-construction generation facilities 

expected to be in-service in 2014. Specifically, the study assumed: 

 Units at Lambton, Nanticoke, Lennox were out of service; 

 All committed and existing generation in the Southwest and Bruce areas were maximized 

including 8 Bruce units; 

 Gas generation, in conjunction with maximum wind generation, in the West area was 

dispatched to maximize the NBLIP transfer while avoid pre-contingency thermal violation in 

Niagara area before the project was incorporated; 

 Generator in Niagara area was maximized including two Thorold units; 

 Generation in the Greater Toronto area included four Darlington units, one Pickering unit, 

three Halton Hills units, and three Portland units. Specially, thermal constraint of GTA 
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southwest transmission system was ignored to obtain a highest transfer through Trafalgar-

Richview corridor for transient stability study. 

(3) The Ontario primary demand was approximately 26840 MW with major interface flows shown in 

Table 8.  

Table 8: Interface Flows under 2014 Summer Peak Load Base Case (MW) 

System Demand NBLIP FABC FETT QFW FS FIO 

26840 1368 6385 7170 1393 1200 1556 

Transient stability analyses were performed considering recognized faults in Southwest, GTA, and 

Niagara areas. Five contingencies were simulated as shown in Table 9.  

Table 9: Simulated contingencies for transient stability 

ID Contingency Location Fault Type 
Fault Clearing Time (ms) SPS Action (ms) 

Local Remote LRSS** 

SC1 B560V+B561M Willow Creek Junction LLG 66 91 124 

SC2 M585M+V586M Middleport TS 3 phase* 75 100 - 

SC3 B18H+B20H Beach TS 3 phase* 83 108 - 

SC4 R14T+R17T Trafalgar TS 3 phase* 83 108 - 

SC5 
Collector Bus of 

North Substation 
The Project 3 phase Un-cleared - 

* 3-phase fault was simulated instead of LG or LLG fault as required by the ORTAC, as the system is stable 

under the fault which is more conservative. 

** LRSS refers to Longwood Reactor Switching Scheme. 

Figures 4 to 13, Appendix A show the transient responses of the major generator rotor angles and bus 

voltages close to the project. The transient responses show that the generators remain synchronized to 

the power system and the oscillations are sufficiently damped following all simulated contingencies.  

It can be concluded that, with the project on-line, none of the simulated contingencies caused 

transient instability or un-damped oscillations. 

3.5 Voltage Ride-Through Capability 

The IESO requires that the wind turbine generators and associated equipment with the project be able 

to withstand transient voltages and remain connected to the IESO-controlled grid following a 

recognized contingency unless the generators are removed from service by configuration. This 

requirement is commonly referred to as the low voltage ride-through (LVRT) capability. 

The LVRT capability of the proposed WTGs, as shown in Table 2, was assessed based on the 

terminal voltages of the WTGs under simulated contingencies in Table 10, which include the 

simulated contingency involving Beach TS from Table 9 and one additional contingency of a 3-phase 

fault on 115 kV circuit HL3 at Beach TS. The 2014 summer base case defined in Section 3.4 was 

used for dynamic simulations to obtain the terminal voltage responses of the WTGs. 
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Table 10: Simulated contingencies for LVRT 

ID Contingency Location Fault Type 
Fault Clearing Time (ms) 

Local Remote 

SC3 B18H+B20H Beach TS 3 phase* 83 108 

SC6 HL3 Beach TS 3 phase 83 - 

* 3-phase fault was simulated instead of LG or LLG fault as required by the ORTAC, as the system is stable 

under the fault which is more conservative. 

Figures 14 to 15, Appendix A show that the terminal voltages of the WTGs remain below 0.3 pu for 

less than 100 ms, and recover to 0.9 pu in less than 200 ms after the fault inception.  As compared 

with the LVRT capability of Enercon E-101 FT, FTS and FTQS, the proposed WTGs are able to 

remain connected to the grid for recognized system contingencies that do not remove the project by 

configuration. 

However, when the project is incorporated into the IESO-controlled grid, if actual operation shows 

that the WTGs trip for contingencies for which they are not removed by configuration, the IESO will 

require the voltage ride-through capability be enhanced by the applicant to prevent such tripping. 

The voltage ride-through capability must also 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 Section- 
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Appendix A: Transient Stability Results 

 
Figure 4: Major generator angle responses following a LLG fault on circuits 

B560V/B561M at Willow Creek Junction 
 

 
Figure 5: Major voltage responses following a LLG fault on circuits B560V/B561M at 

Willow Creek Junction 
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Figure 6: Major generator angle responses following a 3-phase fault on circuits 

M585M/V586M at Middleport TS 
 

 
Figure 7: Major voltage responses following a 3-phase fault on circuits M585M/V586M 

at Middleport TS 
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Figure 8: Major generator angle responses following a 3-phase fault on circuits 

B18H/B20H at Beach TS 
 

 
Figure 9: Major voltage responses following a 3-phase fault on circuits B18H/B20H at 

Beach TS 
 



Appendix A: Transient Stability Results Public System Impact Assessment Report 

18 CAA ID 2012-466 Addendum – September 23, 2013 

 
Figure 10: Major generator angle responses following a 3-phase fault on circuits 

R14T/R17T at Trafalgar TS 
 

 
Figure 11: Major voltage responses following a 3-phase fault on circuits R14T/R17T at 

Trafalgar TS 
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Figure 12: Major generator angle responses following an un-cleared 3-phase fault on 

the collector bus of North Substation of the project 
 

 
Figure 13: Major voltage responses following an un-cleared 3-phase fault on the 

collector bus of North Substation of the project 
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Figure 14: Terminal voltages of WTGs on collector C1 (South Substation) under 

simulated contingencies 
 

 
Figure 15: Terminal voltages of WTGs on collector C4 (North Substation) under 

simulated contingencies 

-End of Document- 
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    Customer Impact Assessment –  
Niagara Region Wind Farm (FIT-FLKZ509) 

Addendum 
 
 
Background 
 
This document is an addendum to the Customer Impact Assessment titled “CIA - Proposed 230 MW 
Niagara Region Wind Farm FIT-FLKZ509 – FINAL” dated August 3rd 2012. 
 
The proponent has confirmed on April 24th 2013 that: 
 

• the collector system will be changed from a 44kV to 34.5kV collector system 
• there are now two transformer substations with each having a 34.5kV to 115kV step up 

transformer with ULTC 
• the transmission circuit to connect their substation to Hydro One’s transmission system is longer 

in length with several underground 115kV sections. 
 
The total number of wind turbines remains the same to maintain the original 230MW contractual 
output.   
 
Studies were performed to assess the impact of the proposed changes on the Hydro One connected 
customer busses.  
 
Short Circuit Impact 
 
The Hydro One connected customer short circuit values are within the capability of the existing Hydro 
One facilities. The proposed changes have no material change from the previous arrangement. 
 
Voltage Variations 
 
The proposed changes have no material change from the previous arrangement. 
 
Conclusion 
 
The proposed connection of Niagara Region Wind Farm generating facility can be incorporated into the 
115kV Q5G transmission line.  Hydro One customers connected to this line will not be negatively 
impacted by this proposed connection.  Short circuit levels and voltage variations as a result of switching 
the wind farm in and out of service are within acceptable limits. 
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 2 

Interrogatory 3 

 4 

Ref: Exhibit A/ Tab 2/Schedule 1 5 

 6 

At the above reference, Hydro One states that it intends to apply for approval under the Class 7 

Environmental Assessment for Minor Transmission Facilities (“Class EA”). Has Hydro One 8 

applied for and received approval for the proposed facilities in accordance with the Class EA. 9 

When is the decision on the Class EA expected? 10 

 11 

Response 12 

 13 

Hydro One sent out notification letters to all parties potentially affected by the project, 14 

including affected First Nations and Métis Communities, stakeholders, elected officials, and 15 

relevant government ministries and agencies, informing them that the Class EA process was 16 

initiated.  A copy of this letter has been included as Attachment 1 for ease of reference.  At this 17 

time, Hydro One awaits any comments or concerns from the 30 da y comment period.  Once 18 

NRWC receives their Renewable Energy Approval, a screen-out report will be filed with the 19 

Ministry of the Environment.  As long as the project is prepared in accordance to the approved 20 

Class EA process, the process is deemed complete and a decision is not required nor expected. 21 

  22 



Hydro One Networks Inc. 
Public Affairs 
483 Bay Street 
South Tower, 8th Floor 
Toronto, ON  M5G 2P5 

 
Tel:  1-877-345-6799 
 
 

 

 
www.HydroOne.com   
 
February 12, 2014 
 
RE: Upgrade of existing idle 115 kV Transmission Line (Circuit Q5G) in Towns of Lincoln 
and Grimsby, and City of Hamilton to connect Niagara Region Wind Corporation project 
 
Dear «First_Name»: 
 
Hydro One Networks Inc. (Hydro One) has initiated a Class Environmental Assessment screening 
process to connect the Niagara Region Wind Corporation’s (NRWC) project to Ontario’s 
transmission system.  This letter is to inform you that Hydro One’s work is contingent on NRWC 
obtaining all the necessary approvals to build its wind farm. The project will involve upgrading 
approximately 25 kilometres of an existing 115 kV transmission line, which extends from Hydro 
One’s Beach Transformer Station (TS) in the City of Hamilton, to Beamsville TS in the Town of 
Lincoln. The line is labeled Q5G on the attached map.  
 
To reenergize the idle transmission line, Hydro One must refurbish some of the existing towers to 
accommodate for the higher capacity. The upgrades will involve increasing the height of some towers,   
upgrades to tower cross-arms and foundations plus replacing the existing conductor (wire) with a 
higher capacity conductor. Details of this work will be determined closer to the start of construction, 
and we will provide you with an update prior to the start of construction.  The project also involves 
the construction of four new steel lattice structures to connect NRWC to the system. The connection 
point is represented as a triangle on the attached map.  
 
All work will be carried out by Hydro One crews within the existing corridor, and planned access will 
be accomplished using existing roads/trails. The appearance of the transmission line will not change 
significantly after the project is completed.  
 
This project is carried out under the Class Environmental Assessment (EA) for Minor Transmission Facilities, 
approved under the provincial Ontario Environmental Assessment Act. This project is also subject to 
approval in accordance with Section 92 (Leave to Construct) of the Ontario Energy Board Act.  
Contingent on the outcome of the Class EA screening process, Section 92 process, and NRWC’s 
required approvals, construction may begin in spring 2014 and be completed by summer 2015.   
 
If you have any questions or concerns,  I can be contacted at 1-877-345-6597 or by email at 
Communtiy.Relations@HydroOne.Com   
 
Thank you, 

 
Marylena Stea 
Public Affairs  
Hydro One Networks Inc  
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 2 

Interrogatory 3 

 4 

Ref: Exhibit B/Tab 5/Schedule 2 5 

 6 

Please update the Line Construction and In-service Schedule at the above reference. 7 

 8 

Response 9 

 10 

On March 7, 2014, Hydro One was informed by NRWC that NRWC would not be willing to 11 

execute an agreement to reimburse Hydro One for required expenditures to advance and 12 

complete work such as detailed engineering activities ahead of an REA Approval for NRWC’s 13 

project.  As such, no update to the Line Construction and In-service Schedule can be provided at 14 

this time.  Once an agreement between Hydro One and NRWC is reached, Hydro One will 15 

provide an updated schedule to the Board. 16 
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