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System Impact Assessment Report 
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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 facility 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 preliminary assessment of this transmission system reinforcement 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 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 facilities have 
been identified to the extent permitted by a preliminary 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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Summary 

TransCanada Energy Ltd. (“TransCanada”) is to construct a new natural gas fueled, combined cycle 
power plant in the Town of Halton Hills.  The proposed facility, called Halton Hills generation station 
(GS), is a developmental project that will consist of two gas turbine generators (G1 & G2) rated at 
225 MVA each and a single steam turbine generator (G3) rated at 305 MVA. 

Halton Hills GS is to connect to the IESO-controlled grid near Halton transformer station (TS) via a 
new 230 kV tap to the existing 230 kV T38B and T39B double circuit line tap from Lantz junction to 
Halton TS. 

TransCanada signed a contract with the Ontario Power Authority (OPA) to supply up to 683 MW of 
generation from Halton Hills GS as part of the West Greater Toronto Area (GTA) RFP. 

Halton Hills GS is scheduled for electrical back feed in June 1, 2009 and for full commercial 
operation by April 1, 2010. 

Provided the generator’s facilities are designed and constructed to satisfy the Ontario Electricity 
Market Rules (“Market Rules”) requirements for generators, including the requirements specified in 
this report, and provided the generator’s facilities are connected as described in this report, Halton 
Hills GS will be granted final approval via the IESO Market Entry process to connect to the 
IESO-controlled grid and to participate in the IESO-administered market. 

This assessment finds no network modifications are required to be completed by Hydro One to 
incorporate Halton Hills GS. 

The proposed connection arrangement and equipment for Halton Hills GS is acceptable to the IESO.   

Based on the proposed impedances for generator step-up transformers T1, T2 and T3, Halton Hills 
generators G1, G2 and G3 should be able to supply at their terminals the required reactive power 
range based on the rated active power of each unit for at least one constant 230 kV system voltage. 

Based on the maximum continuous rated active power and provided reactive power capability curves, 
Halton Hills generators G1, G2 and G3 should be able to supply the required reactive power range at 
all active power outputs provided the over-excitation and under-excitation limiters are set 
appropriately. 

The proposed generator control systems for G1, G2 and G3 are expected to meet the applicable 
performance requirements in the Market Rules. 

Halton Hills generators G1, G2 and G3 and the power system are expected to be transiently stable 
following fault conditions. 

At sometime in the future, the IESO may require Halton Hills GS to connect and participate in a 
special protection system (SPS), and to install the necessary protection and control facilities to effect 
the required SPS control actions. 
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Other Findings 

1.  Based on the resource assumptions used in the short circuit studies completed by Hydro One for 
this assessment, the results suggest that fault levels at the Burlington 115 kV bus will exceed the 
interrupting capabilities of the Burlington 115 kV circuit breakers. 

It is recommended that Hydro One monitor the Burlington 115 kV fault levels as generation is added 
to the power system in the near term, and investigate and implement mitigating measures in a timely 
manner should the fault levels exceed the interrupting capabilities of the circuit breakers. 

The IESO understands that Hydro One has plans to replace all the 115 kV circuit breakers at 
Burlington TS with higher rated interrupting capabilities under two separate work plans. 

2.  Based on the load assumptions used at Halton TS for this assessment, the before tapchanger action 
post-contingency voltage declines at the Halton 27.6 kV bus could exceed the 10% maximum 
criterion. 

It is recommended that Hydro One monitors the Halton TS loading closely and if needed, implement 
a plan for additional reactive load compensation devices until relief to the station is provided. 
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Conclusions and IESO Requirements 

Notification of Approval 

The proposed connection of Halton Hills GS, subject to the requirements specified in this report, is 
expected to have no material adverse effect on the reliability of the integrated power system. 

It is recommended that a revised Notification of Conditional Approval for Connection be issued for 
the Halton Hills generation project subject to the IESO receiving from TransCanada written 
acknowledgement that the requirements described below under the heading “IESO Requirements” 
will be implemented. 

IESO Requirements 

A. TransCanada 

Provided the generator’s facilities are designed and constructed to satisfy the Market Rules 
requirements for generators, including the requirements specified in this report, and provided the 
generator’s facilities are connected as described in this report, Halton Hills GS will be granted final 
approval via the IESO Market Entry process to connect to the IESO-controlled grid and to participate 
in the IESO-administered market. 

Final connection of this project may also be subject to additional requirements specified in the 
Hydro One’s Customer Impact Assessment. 

The IESO has the following requirements: 

1. TransCanada must complete the IESO Market Entry/Facility Registration process in a timely 
manner.  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 first connection to 
the IESO-controlled grid to allow the IESO to incorporate the facility into IESO work systems 
and to perform any additional reliability studies. 

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

2. TransCanada 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, TransCanada must accept any restrictions the IESO may impose upon 
Halton Hills GS’s participation in the IESO-administered market or connection to the 
IESO-controlled grid. 

The evidence must be supplied to the IESO within three months of the in-service date. 

3. The facility must satisfy the Generator Facility requirements in Appendix 4.2, References 1 to 16 
of the Market Rules. 
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4. The high voltage 230 kV connection equipment must be capable of continuously operating in the 
range between 220 kV and 250 kV (Appendix 4.1, Reference 2 of the Market Rules). 

More specifically, this means: 

• connection equipment must have a maximum continuous voltage rating of at least 
250 kV, 

• equipment must be able to interrupt rated fault current for voltages up to the maximum 
continuous rating, and 

• equipment, including plant auxiliaries, must remain in service, and not automatically trip, 
for voltages up to 5% above the maximum continuous rating, for up to 30 minutes, to 
allow the system to be re-dispatched to return voltages within their normal range. 

Synchronizing circuit breakers must be capable of withstanding at least a 2 pu voltage across their 
open terminals. 

5. As stated in the Transmission System Code (TSC), Appendix 2, 230 kV connection equipment 
should have a rated 3-phase symmetrical short circuit capability of 63 kA and a rated single line 
to ground (SLG) symmetrical short circuit capability of 80 kA (usually limited to 63 kA). 

The TSC also requires that all 230 kV circuit breakers have a rated interrupting time of three 
cycles (50 ms) or less. 

6. Connection equipment must be designed so that the adverse effects of their failure on the 
IESO-controlled grid are mitigated.  This includes ensuring that all circuit breakers fail in the 
open position. 

Connection equipment must be designed so that it will be fully operational in all reasonably 
foreseeable ambient temperature conditions.  This includes ensuring that SF6 circuit breakers are 
equipped with heaters to maintain adequate gas pressure. 

7. Faults within the facility must not trip 230 kV circuits T38B and T39B except for a failure of a 
Halton Hills GS 230 kV circuit breaker.  After the facility connects, if tripping of T38B and/or 
T39B occurs due to events within Halton Hills GS, the facility may be required to disconnect 
from the IESO-controlled grid until the problem is solved to the satisfaction of the IESO. 

8. Protection systems must be designed to meet 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 by Hydro One.  Where required by Hydro One, protection systems at 
Halton Hills GS must be coordinated with Hydro One protections systems. 

The design of protection and control facilities at Halton Hills GS must not preclude the 
installation of protection and control facilities for generation rejection should they be required in 
the future. 

9. The facility must be capable of operating continuously for grid frequencies in the range between 
59.4 Hz and 60.6 Hz as specified in Appendix 4.2, Reference 3 of the Market Rules. 

10. The facility must be capable of operating at full active power for a limited period of time for grid 
frequencies as low as 58.8 Hz.  Generators G1, G2 and G3 must not trip for under-frequency 
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system conditions that are below 60 Hz but above 57.0 Hz and above the curve shown in Figure 3 
of this report. 

11. In accordance with the telemetry requirements for a major generation facility (Appendix 4.15 and 
Appendix 4.19 of the Market Rules), TransCanada must install equipment at Halton Hills GS 
with specific performance standards that provides 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. 

12. The facility must operate in the voltage control mode.  Operation of the facility in power factor 
control or reactive power control is not acceptable unless approved by the IESO. 

13. All plant auxiliaries must be capable of operating continuously for all normal voltage variations at 
the Halton Hills GS connection points.  These voltage variations are expected to range from 
220 kV to 250 kV. 

B. Hydro One 

The IESO has the following requirement: 

1.  To incorporate Halton Hills GS, the functionality and fault clearing times of T38B and T39B 
protection systems must not materially change without prior consent from the IESO. 
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1. Introduction 

The purpose of this System Impact Assessment (SIA) is to examine the effect of the proposed Halton 
Hills generation station (GS), which is to be located in the Town of Halton Hills, on the reliability of 
the integrated power system. 

TransCanada Energy Ltd. (“TransCanada”) has signed a contract with the Ontario Power Authority 
(OPA) to supply up to 683 MW of generation from the proposed Halton Hills GS as part of the West 
Greater Toronto Area (GTA) RFP. 

In particular, this report assesses the changes in the proposed connection arrangement, compares the 
performance characteristics of the proposed generators where possible and associated equipment 
against the Market Rules standards, analyzes the adequacy of the short circuit capability of the local 
transmission system with the proposed facility connected, and assesses the impact of the proposed 
facility on the local transmission system. 

The report also provides TransCanada a list of requirements to the proposal to ensure that the new 
facility, when connected, will not have a material adverse effect on the reliability of the integrated 
power system, and also points out significant Market Rules requirements for generators. 

Halton Hills GS is scheduled for electrical back feed in June 1, 2009 and for full commercial 
operation by April 1, 2010. 

– End of Section – 



IESO_REP_0432 

2 CAA ID 2006-232 Issue 1.0 – April 9, 2008 

2. Proposed Project Details 

Halton Hills GS will be a natural gas fueled, combined cycle power plant. 

Connection Arrangement 

TransCanada plans to connect Halton Hills GS to the IESO-controlled grid via new a 230 kV tap at 
tower #9, which is part of the existing T38B and T39B 230 kV double circuit line tap from Lantz 
junction to Halton TS.  Tower #9 is located approximately 2.3 km east from Halton TS.  Figure 1 
shows the proposed location of Halton Hills GS relative to other power system facilities in the west 
GTA. 

The new 230 kV tap will consist of an overhead (O/H) circuit 50 m long at tap, a second O/H circuit 
50 m long at Halton Hills GS, and an underground (U/G) cable 1.6 km long between the two 
overhead circuits. 

The proposed characteristics and ratings of the O/H and U/G sections of the new tap are as follows: 

Table 1: New T38B & T39B Tap to Halton Hills GS – Characteristics & Ratings 

T38B & T39B Overhead Circuit 

Conductor Ambient Temp 
& Wind Speed 

Sag Temp Continuous 
Rating (Amps) 

Long-term 
Emergency 
(LTE) (Amps) 

15 Minute 
Short-term 
Emergency 
(STE) @ 75% 
pre-load 
(Amps) 

93ºC 1370   35ºC & 4 km/hr 
(Summer) 127ºC  1820 2560 

93ºC 1680   

1924 kcmil 
ASCR 69/19 

10ºC & 4 km/hr 
(Winter) 127ºC  2040 2870 

T38B & T39B Underground Cable 

Cable Ratings 
2000 mm2 XLPE 
(R=0.013 Ohm/km, 
X=0.185 Ohm/km, B=90 
µMho/km) 

Summer: 1800 Amps – Continuous, 4080 Amps – 2 Hour Limited Time Rating 
(LTR) 
Winter: 1930 Amps – Continuous, 4240 Amps – 2 Hour LTR 

 

A new junction called ‘TCE Halton Hills junction’ will be established where the overhead circuit 
from the tap point connects to the underground cable.  At this junction, as required by the 
Transmission System Code (TSC), two motorized 230 kV disconnect switches (7033-T38B & 
7033-T39B) will be installed. 
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Halton Hills GS will consist of two gas turbine generators (G1 & G2) rated at 225 MVA each and one 
steam turbine generator (G3) rated at 305 MVA (based on a 40ºC cooling air inlet temperature (TCA)).  
Based on information initially provided in the SIA application dated June 11, 2007, Table 2 
summarizes the net summer and winter generation capabilities for Halton Hills GS. 

Table 2: Halton Hills GS – Initial Proposed Net Summer and Winter Generation Capabilities 

 Maximum 
Continuous 
Rating 
(MCR)   
G1 & G2 
(MW) 

MCR    
G3 (MW) 

Station 
Service Load 
(MW) 

Net Active 
Power 
Capability 
(MW) 

Net Apparent 
Power 
Capability 
(rated MW @ 
90% lagging 
pf) (MVA) 

Summer (35ºC) 360 275 15 620 689 

Winter (10ºC) 400 275 15 660 733 

 

Following the completion of the SIA studies for this report, TransCanada revised the generation 
capabilities for Halton Hills GS.  Table 3 summarizes the new expected capabilities. 

Table 3: Halton Hills GS – New Expected Net Summer and Winter Generation Capabilities 

 MCR    
G1 & G2 
(MW) 

MCR    
G3 (MW) 

Station 
Service Load 
(MW) 

Net Active 
Power 
Capability 
(MW) 

Net Apparent 
Power 
Capability 
(rated MW @ 
90% lagging 
pf) (MVA) 

Summer (35ºC) 360 200 20 540 600 

Winter (10ºC) 400 305 @ 
28ºC TCA 

22 683 759 

 

The proposed connection arrangement of Halton Hills GS is shown in Figure 2.  The arrangement 
includes a 230 kV ring bus, five 230 kV circuit breakers, three generator step-up (GSU) transformers 
(T1 for G1, T2 for G2 & T3 for G3), and two station service transformers T10 and T20.  
Transformers T10 and T20 will be connected to the LV side of their respective GSU transformers T1 
and T2.  Generator circuit breakers T1G1 and T2G2 and LV disconnect switches T1G1-T1 and 
T2G2-T2 are to be provided for G1 and G2, respectively. 

Each GSU transformer will have a motorized 230 kV disconnect switch (T1-HT1, T2-HT2 & 
T3-HT3).  Each circuit terminal will have a motorized 230 kV disconnect switch (7032-T38B & 
7032-T39B). 
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GSU Transformers T1 and T2 are to be rated at 238/16.5 kV, 180/240/300 MVA and 9.0% 
impedance on 180 MVA, connected high voltage (HV) - wye-grounded/low voltage (LV) – delta, and 
provided with fixed off-load HV taps at ±5%, ±2.5% and 0%.  TransCanada to review and confirm 
tap position setting of the T1 and T2 transformers during comissioning and start-up of facility. 

GSU Transformer T3 is to be rated at 238/21.0 kV, 246/328/410 MVA and 9.0% impedance on 
246 MVA, connected HV - wye-grounded/ LV – delta, and provided with fixed off-load HV taps at 
±5%, ±2.5% and 0%.  TransCanada to review and confirm tap position setting of the T3 transformer 
during comissioning and start-up of facility. 

The LV generator circuit breakers G1 and G2 and 230 kV circuit breakers HT3L38 and HT2HT3 will 
be provided with synchronizing capability. 

The plant will be designed to allow generators G1 and G2 to operate at up to and including rated 
active power on loss of generator G3 or the unavailability of G3. 

The station service 4.16 kV and 600 V buses (not shown in Figure 2) downstream from T10 and T20  
will be operated normally open such that no parallel paths will exist between T10 and T20.  Load 
between appropriate station service buses can be manually transferred on loss of a bus infeed supply. 

Auto-Reclose of 230 kV Circuit Breakers 

Auto-reclose facilities will not be installed for the Halton Hills 230 kV circuit breakers HT1L38, 
HT3L38, HT1L39, HT2L39 and HT2HT3. 

Operating Restrictions 

The following operating restrictions are not evident from the proposed connection arrangement: 

1.  The loss of generators G1 and G2, or the unavailability of G1 and G2, would result in the shut 
down or unavailability of generator G3.  As an example, this may occur under a bus or circuit breaker 
outage condition coincident with a contingency involving a circuit breaker failure condition. 

2.  The loss of the gas supply to Halton Hills GS would result in the loss of generators G1 and G2. 

3.  The loss of the station cooling system would result in the shut down of the plant. 

– End of Section – 
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3. General Requirements 

Models & Data 

1. TransCanada must complete the IESO Market Entry/Facility Registration 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 first connection to the IESO-controlled grid, to allow the 
IESO to incorporate Halton Hills GS into IESO work systems and to perform any additional 
reliability studies. 

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

 

2. TransCanada 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, TransCanada must accept any restrictions the IESO may impose upon Halton Hills 
GS’s participation in the IESO-administered market or connection to the IESO-controlled grid. 

The evidence must be supplied to the IESO within three months of the in-service date. 

 

Generators 

1. Halton Hills GS must satisfy the Generator Facility requirements in Appendix 4.2, 
References 1 to 16 of the Market Rules. 

 

In particular, references 1 and 2 require that a synchronous generator connecting to the 
IESO-controlled grid must have the minimum capability to perform the following: 

• Supply reactive power continuously at all active power outputs in the range of 
90% lagging to 95% leading power factor based on rated active power at its generator 
terminals for at least one constant 230 kV system voltage, and 

• Supply rated active power continuously while operating at a terminal voltage ranging 
from 0.95 pu to 1.05 pu of the generator’s rated terminal voltage. 
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The above two requirements effectively limit the impedance between the generator terminals and 
HV side of the transformer to a maximum of 0.13 pu based on the MVA rating of the 
generator(s), which is normally based on the maximum continuous active power rating at a 90% 
power factor.  However, if a generator is capable of supplying the full reactive power range at it 
terminals for at least one constant system voltage while operating at a terminal voltage outside the 
range between 0.95 pu and 1.05 pu, the effective maximum impedance allowed between the 
generator terminals and the HV side of the generator step-up transformer could be higher than 
0.13 pu. 

Connection Equipment (Circuit breakers, Disconnects, Transformers, Buses) 

1. The high voltage 230 kV connection equipment must be capable of continuously operating in the 
range between 220 kV and 250 kV (Appendix 4.1, Reference 2 of the Market Rules). 

 

Some recognized contingencies (e.g. load shedding, open line end) can cause a temporary voltage 
increase above the maximum continuous voltage of 250 kV.  For these conditions, connection 
equipment may be exposed to voltages slightly above its maximum continuous rating for the short 
period of time that it takes the IESO to direct operations to restore a normal voltage profile, and 
to prepare for the next contingency.  This re-preparation period will be as short as possible, but it 
will not take longer than 30 minutes. 

 

The IESO requires that the 230 kV connection equipment at Halton Hills GS have the following 
requirements: 

• connection equipment must have a maximum continuous voltage rating of at least 250 kV 
in southern Ontario, 

• equipment must be able to interrupt rated fault current for voltages up to the maximum 
continuous rating, and 

• equipment must remain in service, and not automatically trip, for voltages up to 5% 
above the maximum continuous rating, for up to 30 minutes, to allow the system to be 
re-dispatched to return voltages within their normal range. 

 
All synchronizing circuit breakers must be capable of withstanding at least a 2 pu voltage across 
their open terminals. 
 

2. The Transmission System Code (TSC), Appendix 2 states that 230 kV connection equipment 
should have a rated 3-phase symmetrical short circuit capability of 63 kA and a rated single line 
to ground (SLG) symmetrical short circuit capability of 80 kA (usually limited to 63 kA). 

The TSC also requires that 230 kV circuit breakers have a rated interrupting time of three cycles 
(50 ms) or less. 
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3. Connection equipment must be designed so that the adverse effects of their failure on the 
IESO-controlled grid are mitigated.  This includes ensuring that all circuit breakers fail in the 
open position. 

Connection equipment must be designed so that it will be fully operational in all reasonably 
foreseeable ambient temperature conditions.  This includes ensuring that SF6 circuit breakers are 
equipped with heaters to prevent freezing. 

 

Protection Systems 

1. Protection systems within the facility must operate correctly to only trip the appropriate 
equipment required to isolate the fault.  After the facility begins commercial operation, if the 
improper tripping of the 230 kV circuits T38B and T39B occurs due to events within Halton Hills 
GS, the facility may be required to be disconnected from the IESO-controlled grid until the 
problem is resolved. 

 

2. Protection systems must be designed to meet 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 by Hydro One.  Where required by Hydro One, protection systems at 
Halton Hills GS must be coordinated with Hydro One protections systems. 

To incorporate Halton Hills GS, Hydro One must not make material changes to the overall fault 
clearing times of their protection systems without prior consent from the IESO. 

 

3. Halton Hills GS must be capable of operating at full active power for a limited period of time for 
grid frequencies as low 58.8 Hz.  Generators G1, G2 and G3 must not trip for under-frequency 
system conditions that are below 60 Hz but above 57.0 Hz and above the curve shown in 
Figure 3. 
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Figure 3: Setting for Grid Under-frequency Trip Protection 

IESO Monitoring and Telemetry Data 

1. The Market Rules (Appendix 4.15 and Appendix 4.19) list the requirements with respect to the 
telemetry data that must be provided to the IESO and to the performance standards that must be 
achieved on a continual basis by all generators. 

 

In accordance with the telemetry requirements for a major generation facility, TransCanada must 
install equipment at Halton Hills GS with specific performance standards that provides 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. 

 

Miscellaneous 

1. Halton Hills GS must be capable of operating continuously for grid frequencies in the range 
between 59.4 Hz and 60.6 Hz as specified in Appendix 4.2, Reference 3 of the Market Rules. 

 

2. Halton Hills GS must operate in voltage control mode.  Operation of the facility in power factor 
control or reactive power control is not acceptable unless approved by the IESO. 

 

3. All plant auxiliaries at Halton Hills GS must be capable of operating continuously for all normal 
voltage variations on the 230 kV power system.  These voltage variations are expected to range 
from 220 kV to 250 kV. 

-End of Section- 
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4. General Assessment 

4.1 Connection Arrangement 
The proposed Halton Hills GS shown in Figure 2 will not reduce the level of reliability of the 
integrated power system and is, therefore, acceptable to the IESO. 

4.2 Connection Equipment 
The connection equipment specifications are assessed based on information provided by 
TransCanada. 

4.2.1 230 kV Switches 
Specifications for Motorized Switches 7033-T38B, 7033-T39B, 7032-T38B & 7032-T39B: 

• Type – Disconnect 

• Voltage rating – 250 kV 

• Continuous current rating – 3000 A 

Specifications for Motorized Switches T1-HT1, T2-HT2 & T3-HT3: 

• Type – Disconnect 

• Voltage rating – 250 kV 

• Continuous current rating – 1600 A 

 

All switches meet the maximum continuous voltage rating requirement of 250 kV. 

 

4.2.2 230 kV Circuit Breakers 
Specifications for Circuit Breakers HT1L38, HT3L38, HT1L39, HT2L39 & HT2HT3: 

• Type – SF6 

• Voltage rating  – 250 kV 

• Interrupting time rating – 3 cycles (50 ms) 

• Continuous current rating – 3000 A 
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• Short circuit symmetrical duty rating – 63 kA 

 

All the circuit breakers meet the maximum continuous voltage rating requirement of 250 kV.  The 
interrupting time and short circuit symmetrical duty ratings meet the requirements of the 
Transmission System Code (TSC). 

 

4.2.3 230 kV Generator Step-Up (GSU) Transformers 
Impedances for GSU transformers: 

• T1 & T2 – 9.0% on 180 MVA transformer base 

• T3 – 9.0% on 246 MVA transformer base 

As detailed in the previous section of this report, the impedance of each GSU transformer must be 
limited to a maximum of 0.13 pu based on the MVA rating of the connected generator, which is 
normally based on the maximum continuous active power rating at a 90% power factor.  Table 4 
summarizes the impedances of transformers T1, T2 and T3 based on the corresponding MVA rating 
of the connected generator. 

Table 4: Transformers T1, T2 & T3 – Impedances based on MVA Rating of Connected 
Generator 

Transformers T1 & T2 
(G1 & G2) 

Transformer T3        
(G3) 

 
Winter 
(10ºC) 

Summer 
(35ºC) 

Winter 
(10ºC) 

Summer 
(35ºC) 

Generator – Rated Active 
Power (MW) 200 180 

305 @ 
28ºC TCA 200 

Generator – Rated Apparent 
Power (MVA) 222.2 200 338.9 222.2 

Transformer Impedance 
based on Generator MVA 
Rating 11.11% 10.00% 12.40% 8.13% 

 

In all cases, the transformer impedances are less than 13% when expressed on the generator’s 
MVA rating.  Therefore, the Halton Hills generators G1, G2 and G3 should be able to supply the 
required full reactive power range based on rated active power for at least one constant 230 kV 
system voltage. 
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4.3 Fault Levels 
Fault level studies were completed by Hydro One to specifically examine the effect of Halton Hills 
GS on fault levels at existing facilities in the vicinity of the proposed connection point.  In all studies, 
the calculated fault levels were based on a 50 ms (3 cycle) interrupting time. 

The Hydro One studies assumed all existing generation facilities in service.  This included: 

• six Bruce units (G3, G4, G5, G6, G7 & G8) 

• six Pickering units, 

• four Darlington units, 

• eight Nanticoke units, 

• four Lambton units, 

• four Lennox units, 

• GTAA generation station (GS), 

• TransAlta Douglas GS, 

• Decew, Beck 1 and Beck 2 GSs, 

• Beck 2 Pumping GS, 

• Erie Shores WGS, 

• Kingsbridge I WGS, 

• Amaranth WGS, 

• TransAlta Sarnia GS, 

• Imperial Oil GS, 

• Brighton Beach GS, and 

• West Windsor Power GS. 

In addition, the studies assumed other generation projects expected to be in service by the time Halton 
Hills GS is in service.  This included: 

• Bruce units G1& G2 

• Goreway GS, 

• Greenfield Energy Centre, 

• St. Clair Energy Centre, 

• Portlands GS, 

• Greenfield South GS, 

• Thorold GS, 

• Beck I G7, 



IESO_REP_0432 

12 CAA ID 2006-232 Issue 1.0 – April 9, 2008 

• East Windsor GS 

• Kingsbridge II WGS Phase I, 

• Underwood WGS, 

• Amaranth WGS Phase 2, 

• Ripley WGS, 

• Port Alma WGS, and 

• Wolf Island WGS. 

Finally, the Hydro One studies also assumed the following transmission reinforcement projects in 
service and modes of system operation: 

• Hurontario switching station (SS) connected to 230 kV circuits R19T and R21T, 230 kV 
circuits V72R and V73R extended and connected from Cardiff TS to Hurontario SS; and 
Jim Yarrow TS re-supplied from Hurontario SS, 

• Claireville TS reconfigured and operated open, and 230 kV circuit V75R terminated at 
Richview TS, 

• Transmission facilities upgraded from 115 kV to 230 kV between Essa TS and Stayner TS, 

• 230/115 kV autotransformer connected at Preston-Cambridge TS, 

• Richview TS 230 kV bus operated open, 

• Cooksville TS 230 kV bus operated closed, 

• Mid-point of Claireville TS to Parkway TS 230 kV circuits V71RP and V75P operated 
closed, 

• Cherrywood TS north and south 230 kV buses operated open, 

• Leaside TS 115 kV bus operated open, 

• Hearn SS 115 kV bus operated open, 

• Middleport TS 230 kV bus operated open, 

• Lambton TS 230 kV bus operated open, and 

• Ontario-Michigan phase angle regulators operated at their neutral taps. 

 

Table 5 summarizes the projected fault levels at facilities near Halton Hills GS with and without 
Halton Hills generators G1, G2 and G3 in service. 
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Table 5: Fault Levels at Facilities near Halton Hills GS 

Symmetrical Fault (kA)* Asymmetrical Fault 
(kA)* 

 

3-phase Line to 
Ground (L-G) 

3-phase L-G 

Circuit 
Breaker 

Lowest Ratings 
(kA) 

System without Halton Hills G1, G2 & G3 connected 
Trafalgar M572T 
500 kV 

28.96 25.06 34.69 27.49 No circuit 
breakers 

Trafalgar 230 kV 60.58 61.89 73.07 71.43 80 kA sym 
92 kA asym 

Richview A1H1 
230 kV 

61.66 60.39 75.54 66.25 69.5 kA sym 
86.875 kA asym 

Richview A2H2 
230 kV 

60.03 58.47 74.61 66.37 69.5 kA sym 
86.875 kA asym 

Burlington 230 kV 48.15 41.35 53.75 45.33 60 kA sym 
66 kA asym 

Burlington 115 kV 33.93 39.15 43.85 47.87 39.3 kA sym 
45.5 kA asym 

Halton Hills GS 
230 kV 

26.70 21.65 28.78 22.23 63 kA sym 
asym unknown** 

System with Halton Hills G1, G2 & G3 connected 
Trafalgar M572T 
500 kV 

29.59 25.50 35.90 27.97 No circuit 
breakers 

Trafalgar 230 kV 67.20 68.26 81.17 77.51 80 kA sym 
92 kA asym 

Richview A1H1 
230 kV 

63.28 61.46 77.53 67.43 69.5 kA sym 
86.875 kA asym 

Richview A2H2 
230 kV 

61.45 59.40 76.39 67.42 69.5 kA sym 
86.875 kA asym 

Burlington 230 kV 50.06 42.36 55.89 46.44 60 kA sym 
66 kA asym 

Burlington 115 kV 34.39 39.59 44.45 48.40 39.3 kA sym 
45.5 kA asym 

Halton Hills GS 
230 kV 

34.44 35.38 41.61 43.21 63 kA sym 
asym unknown** 

* Based on a pre-fault voltage level of 550 kV for 500 kV stations, 250 kV for 230 kV stations, and 127 kV for 
115 kV stations. 
** TransCanada to provide asymmetrical rating of 230 kV circuit breakers during the IESO Market Entry 
process. 

 

The results in Table 5 show that fault levels increase with the addition of Halton Hills GS, but do not 
exceed the interrupting capabilities of the worst rated circuit breakers except at the Burlington 115 kV 
bus. 

The IESO understands that Hydro One has plans to replace all the 115 kV circuit breakers at 
Burlington TS with higher rated interrupting capabilities under two separate work plans.  The first 
work plan will replace eight of the twenty circuit breakers by the summer of 2009.  These circuit 
breakers are T4K, T4P, T6K, T6P, T9K, T9P, K1K2 and P1P2.  Further details on this work plan can 
be found in the SIA report for project CAA ID # 2006-EX299 located at 
http://www.ieso.ca/imoweb/connassess/caa_SmallPrj_StatusSummary.asp. 
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At this time, the IESO does not have any details on when the second work plan is to be completed. 

The IESO recommends that Hydro One continue to monitor the Burlington 115 kV fault levels as 
new generation facilities are added, and investigate and implement mitigating measures in a timely 
manner should the fault levels exceed the interrupting capabilities of the circuit breakers. 

 

4.4 Reactive Power Capabilities 
As per the Market Rules, Appendix 4.2, Reference 1, generators G1, G2 and G3 must have the 
capability to supply reactive power continuously at all levels of active power outputs in the range of 
90% lagging to 0.95% leading power factor based on rated active power at its generator terminals.  
Rated active power is defined as the lesser of the registered maximum continuous active power and 
90% of the unit nameplate MVA. 

For G1 and G2, the summer and winter maximum continuous ratings (MCRs) are 180 MW and 
200 MW, respectively.  In the summer, each unit must be capable of supplying continuously, at all 
levels of active power output up to 180 MW, reactive power in the range of approximately +90 Mvar 
(90% lagging power factor) to approximately -60 Mvar (95% leading pf).  In the winter, each unit 
must be capable of supplying continuously, at all levels of active power output up to 200 MW, 
reactive power in the range of approximately +100 Mvar (90% lagging pf) to approximately -67 Mvar 
(95% leading pf).  The power capability curves provided for G1 and G2 indicate that the units would 
be able to provide the required capabilities. 

For G3, the summer and winter MCRs are 200 MW and 305 MW, respectively.  This unit must be 
capable of supplying continuously, at all levels of active power output up to the MCR, reactive power 
in the range of approximately +100 Mvar (90% lagging pf) to approximately -80 Mvar (95% leading 
pf) in the summer and in the range of approximately +153 Mvar (90% lagging pf) to approximately 
-102 Mvar (95% leading pf) in the winter.  The power capability curves provided for G3 indicate that 
the unit would be able to provide the required capabilities. 

 

The over-excitation limiters (OEL) and under-excitation limiters (UEL) for G1, G2 and G3 must be 
set to allow the units to provide the required reactive power range based on the summer and winter 
MCRs of each unit. 

 

-End of Section- 
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5. SIA Methodology 

5.1 Study Assumptions 
The following assumptions were made in the IESO studies: 

• Base case – A base case representative of summer 2010 was used. 

• Transmission facilities – All existing and proposed major transmission facilities with 2010 
in-service dates or earlier were assumed in service.  This included the transmission reinforcement 
projects identified in section 4.3 and the following projects:  Halton TS and Meadowvale TS LV 
shunt capacitors (CAA ID 2006-211), Pleasant DESN T3/T4 (CAA ID 2006-231), 
Churchill Meadows TS (CAA ID 2006-230) and Goreway DESN T1/T2 (CAA ID 2007-264). 

• Generation facilities – Some existing and proposed major generation facilities with 2010 
in-service dates or earlier were assumed in service.  This included: 

− 7 Bruce units 

− 5 Pickering units 

− 4 Darlington units 

− 8 Nanticoke units 

− 4 Lennox units 

− Sithe Goreway GS – 4 units 

− Greenfield Energy Centre – 4 units 

− 1 Lambton unit 

• Load data – A load of approximately 28,930 MW with a load power factor of 0.910.  In 
particular, loads at west Greater Toronto Area (GTA) transmission stations were set-up to reflect 
Hydro One provided load forecasts as shown in Table 6: 
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Table 6: Loads at Existing & Proposed West GTA Stations 

Station DESN 
Voltage 
Level (kV) Bus MW Mvar 

Bramalea T1/T2 27.6 B 91 44 

   Y 91 44 

 T3/T4 44 JQ 106 51 

 T5/T6 44 EZ 159 77 

Erindale T1/T2 27.6 E 86 42 

   Q 86 42 

 T3/T4 44 YZ 188 91 

 T5/T6 44 BJ 155 75 

Tomken T1/T2 44 BY 165 80 

 T3/T4 44 EZ 183 88 

Meadowvale T1/T2 44 EZ 181 87 

Richview T1/T2 27.6 E 59 29 

   J 59 29 

 T5/T6 27.6 Q 70 34 

   Z 70 34 

 T7/T8 27.6 BY 79 38 

Goreway T4 44 Z 31 19 

 T5/T6 27.6 B 91 33 

   Y 91 33 

 T1/T2 27.6 J 8 4 

   Q 8 4 

Pleasant T1/T2 44 JQ 140 76 

 T3/T4 27.6 A 21 10 

   C 21 10 

 T5/T6 27.6 BY 99 39 

   EZ 99 39 

Jim Yarrow T1/T2 27.6 A 75 36 

   B 75 36 

Halton T3/T4 27.6 J 118 57 

   Q 118 57 

Cardiff T1/T2 27.6 BQ 123 59 

Churchill Meadows T1/T2 44 BJ 16 8 

Trafalgar DESN T1/T2 27.6  97.6 41.6 

 

• FETT interface:  The normal maximum FETT limit is 5,600 MW.  When the Ontario Demand 
(OD) exceeds 25,400 MW, the FETT limit is reduced by [0.3(OD-25400)] MW. 

OD is the sum of coincident loads plus the losses on the IESO-controlled grid.  In this study, OD 
was approximately 29,735 MW (28,930 MW plus 805 MW) resulting in a FETT limit of 
approximately 4,300 MW. 

The FETT interface is defined in the IESO Ontario Transmission System document located at 
http://www.ieso.ca/imoweb/monthsYears/monthsAhead.asp. 
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• Major Interface Flows:  FABC – 5,167 MW, FETT – 4,172 MW, QFW – 1,529 MW, BLIP – 
957 MW, FS – 896 MW, CLAS – 144 MW and TEC – 200 MW 

• Imports:  Michigan – 0 MW, Quebec – 0 MW, New York Niagara – 780 MW and New York 
St. Lawrence – 0 MW. 

• Equipment Ratings:  Continuous and emergency ratings as provided by the equipment owners.  
Thermal ratings used for 230 kV circuits local to Halton Hills GS are summarized in Table 7: 

Table 7: Ratings for 230 kV circuits local to Halton Hills GS 
230 kV 
Circuit Circuit Section Continuous rating 

(A) 
Emergency 
rating (A) 

15-Minute LTR 
(A) 

T36B/T37B Trafalgar Lantz J 1349 1349 2171 

 Lantz J Palermo TxB J 1111 1459 1999 

 Palermo TxB J Burlington 1111 1349 1999 

T38B/T39B Trafalgar Lantz J 1111 1349 1999 

 Lantz J Burlington 1111 1349 1999 

 Lantz J Traf DESN J 1060 1400 1830 

 Traf DESN J Hornby J 1060 1400 1830 

 
Hornby J TCE Halton 

Hills J 
1060 1400 1830 

 
TCE Halton 
Hills J 

Halton 1060 1400 1830 

R19T/R21T 
Trafalgar Churchill 

Meadows J 1111 1420 1999 

 
Churchill 
Meadows J 

Erindale J 
1111 1420 1999 

 Erindale J Hanlan J 839 1089 1371 

 Hanlan J Tomken J 839 1089 1371 

 Hanlan J Hurontario 839 1089 1371 

 Tomken J Richview 839 1089 1371 

R14T/R17T Trafalgar Erindale J 1111 1420 1999 

 Erindale J Tomken J 839 1089 1371 

 Tomken J Richview 839 1089 1371 

V72RS/V73RS Hurontario Cardiff 1290 1700 2290 

Please note in above Table, the letter J’ is short form notation for the word ‘Junction’. 

 

• The net active power output of Halton Hills GS was 620 MW based on the summer capability 
identified in Table 2.  In addition, the tap position settings for T1, T2 and T3 generator step-up 
transformers were assumed to be at 0%. 

For the transient stability studies (Section 7.3), Halton Hills generators G1, G2 and G3 were 
assumed operating at unity power factor pre-contingency. 
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5.2 Study Criteria 
To assess the impact of the proposed Halton Hills GS, technical criteria defined in the IESO Ontario 
Resource and Transmission Assessment Criteria document were used.  This document can be found 
on the IESO web site at  

http://www.ieso.ca/imoweb/pubs/marketAdmin/IMO_REQ_0041_TransmissionAssessmentCriteria.pdf. 

For the voltage analysis, after a recognized single or double-element contingency, with all facilities in 
service pre-contingency, system post-contingency voltage declines (500 kV, 230 kV and 115 kV) 
must be limited to a 10% voltage change before tap changer action (pre-ULTC) and after tap changer 
action (post-ULTC).  At transformer stations, post-contingency voltage declines (44 kV, 27.6 kV and 
13.8 kV) must be limited to a 10% voltage change pre-ULTC and a 5% voltage change post-ULTC. 

The above voltage decline criteria also apply to the loss of a generating facility due to a single 
element contingency involving any upstream element from the generator bus. 

For the thermal analysis with all transmission elements in service, all circuit loadings must be less 
than their continuous ratings (calculated at 93°C).  Following a contingency the circuit loadings must 
be less than their 15-Minute LTRs if there are post-contingency control actions available to reduce the 
loadings to within their emergency ratings.  Otherwise, following a contingency the loadings must be 
less than their emergency ratings. 

5.3 Study Tools, Data & Models 
The Siemens PSS/E software program was used by the IESO to complete the load flow and dynamic 
response studies. 

Halton Hills GS was modeled in PSS/E using data provided by TransCanada.  Appendix A contains 
the PSS/E models and data used to represent generators G1, G2 and G3. 

 

– End of Section – 
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6. Load Flow Assessment 

Load flow studies were carried out to assess whether the proposed Halton Hills GS materially impacts 
the reliability of the integrated power system.  This included examining the voltage performance of 
the power system and the thermal loading of transmission circuits for pre-contingency and 
post-contingency conditions. 

In addition, load flow studies were completed to assess whether there is a need to install an automatic 
generation rejection or run-back scheme for the incorporation of Halton Hills GS. 

The study assumptions are detailed in Section 5.1. 

6.1 Voltage Analysis 
The voltage performance of the IESO-controlled grid due to the incorporation of Halton Hills GS was 
evaluated by examining if post-contingency voltage declines remain within criteria at various 
facilities under different operating modes of the proposed facility. 

As a starting point, the loss of T38B with Halton Hills GS not connected (TCE Halton Hills Junction 
disconnects 7033-T38B and 7033-T39B open) was examined. 

Next, the loss of T38B with Halton Hills GS connected was examined.  For the study case involving 
this contingency, the operating mode of Halton Hills GS was considered at a typical operating 
condition where the units provided full rated active power output at terminal voltage of 1.0 pu.  
Figures 4 and 5 show the pre-contingency voltage profiles and power flows on the transmission 
system near Halton Hills GS and on the T38B and T39B 230 kV double circuit line tap from Lantz 
junction to Halton TS, respectively. 

Finally, the loss of T38B plus the simultaneous loss of generators G1, G2 & G3 due to a Halton Hills 
HT3L38 circuit breaker failure, and the loss of generators G1, G2 & G3 only were examined.  For the 
study case involving these two contingencies, the operating mode of Halton Hills GS was considered 
at an extreme operating condition where the units provided full rated active power output at terminal 
voltage of 1.05 pu.  Figures 6 and 7 show the pre-contingency voltage profiles and power flows.  It is 
noted that the pre-contingency 230 kV voltages are relatively high. 

For the above cases and associated contingencies, the results of the voltage performance studies 
(pre-and post-ULTC) are tabulated in Appendix B.  Only voltages at facilities associated with the 
Trafalgar by Burlington circuits are provided. 

The results show that for three of the four contingencies considered in the various cases, the voltage 
decline at the Halton TS 27.6 kV bus approaches or exceeds the maximum 10% pre-ULTC voltage 
change criteria assuming the 2010 load forecast data provided for Halton TS.  The worst 
post-contingency voltage decline occurs on loss of T38B plus the simultaneous loss of the Halton 
Hills generators due to a circuit breaker failure condition.  Following tapchanger action (post-ULTC), 
all LV bus voltages are restored to close to their pre-contingency values. 

The Halton TS 27.6 kV pre-ULTC voltage declines observed in these studies are also consistent with 
the results seen in the IESO SIA report for Churchill Meadows TS (CAA ID 2006-230). 
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The IESO recommends that Hydro One monitors the Halton TS loading closely and if needed, 
implement a plan for additional reactive load compensation devices until relief to the station is 
provided. 

 

6.2 Thermal Analysis 
The thermal loading on 230 kV circuit T39B was examined for the loss of T38B.  This contingency 
places all the generation from Halton Hills GS on T39B. 

In order to stress the critical circuit section between Lantz Junction and Trafalgar TS, the loads at 
Halton TS, Meadowvale TS and Trafalgar DESN TS were placed at 70% of their forecasted value for 
2010. 

Figure 8 shows the pre-contingency flows with the 70% loads on the 230 kV circuits between 
Burlington TS, Trafalgar TS and Richview TS.  In particular, the total pre-contingency flow on 
circuits T36B, T37B, T38B and T39B out of Burlington TS is approximately 259 MVA.  For the 
critical circuit section between Lantz Junction and Trafalgar TS, the pre-contingency flow on T38B 
and T39B is approximately 217 MVA each, which would be well within the continuous rating of 
462 MVA (1111 A @ 240 kV). 

Table 8 shows the flows on T39B following a T38B contingency with the active power output of 
Halton Hills GS maintained at approximately 620 MW. 

Table 8: Post-contingency T39B Power Flows following T38B Contingency 
Pre-Contingency Post-ULTC, Post-Contingency Ratings 

Circuit Section I (A) % of Cont. I (A) % of Emerg. % of LTR Cont. (A) Emerg. (A) 15-Min LTR (A) 

Trafalgar Lantz J 515 46.4 955 70.8 47.8 1111 1349 1999 

Lantz J Burlington 116 10.4 137 10.2 6.9 1111 1349 1999 

Lantz J Traf DESN J 405 38.3 825 58.9 45.1 1060 1400 1830 

Traf DESN J Hornby J 447 42.2 901 64.4 49.3 1060 1400 1830 

Hornby J TCE Halton 
Hills J 

582 54.9 1159 82.7 63.3 1060 1400 1830 

TCE Halton 
Hills J 

Halton 208 19.7 428 30.6 23.4 1060 1400 1830 

 

As expected, there is an increase in the flow on the companion circuit T39B.  In particular, on the 
critical circuit section between Lantz Junction and Trafalgar TS, the flow increases to 955 A.  This 
would be well within the 1349 A emergency rating that would be applicable in this post-contingency 
state. 

It is also noted that on the circuit section between TCE Halton Hills Junction and Hornby Junction 
increases to 1159 A.  This would exceed its continuous rating of 1060 A, but would be well within its 
emergency rating of 1400 A. 

Assuming the same load conditions, the pre-contingency flow on the four circuits out of 
Burlington TS would increase if only four units were to be in service at Pickering GS.  On loss of 
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T38B, the post-contingency flow on the critical circuit section between Lantz Junction and Trafalgar 
TS would be higher than 955 A.  However, for these conditions, it is expected that the flow on this 
critical section would still be lower than its emergency rating. 

The thermal loading of the Richview by Trafalgar (R x T) interface, which is defined as 230 kV 
circuits R14T, R17T, R19T and R21T out of Trafalgar TS, is most limited by the loss of R14T or 
R17T.  The IESO recognizes that the incorporation of Halton Hills GS will increase the flow on this 
interface and may aggravate conditions where the limitation of this interface is reached.  This effect is 
further discussed in section 6.3. 

Further findings by the IESO on the thermal capability of the Richview to Trafalgar circuits can be 
found in the SIA report for Churchill Meadows TS (CAA ID 2006-230).  This report is located at 
http://www.ieso.ca/imoweb/connassess/caa_StatusSummary-2.asp. 

6.3 Special Protection System Analysis 
This section examines the need to install a special protection system (SPS) that would employ 
automatic generation rejection or run-back of Halton Hills GS. 

Generally, the need for an SPS occurs when a connection change causes a reduction in the 
pre-contingency capability of the IESO-controlled grid in order to respect to a post-contingency 
limitation of the IESO-controlled grid. 

In some cases, the need for an SPS occurs when congestion on the IESO-controlled grid increases and 
becomes a significant cost to the electricity market.  Congestion is the condition under which the 
trades that market participants wish to implement exceed the capability of the IESO-controlled grid.  
It usually requires the IESO to adjust the outputs of generators, decreasing it in one area to relieve the 
constraint and increasing it in another area to meet the load requirements.  To reduce congestion, the 
capability could be increased by either reinforcing the congested facilities or installing an SPS. 

The thermal analysis in section 6.2 has already detailed that an SPS would not be required to respect 
any post-contingency limitation on loss of T38B or T39B. 

To further assess the need for an SPS, additional studies were completed to determine if the presence 
of Halton Hills GS causes any reduction in capability of the Richview by Trafalgar (R x T) interface.  
This interface is considered the most critical interface near the proposed connection of Halton Hills 
GS. 

A linear analysis was completed to determine the maximum flow allowed across this interface.  The 
maximum flow is defined as the highest flow allowed such that: 

• in the pre-contingency state, the flow does not exceed the continuous ratings of the R x T 
circuits, or 

• in the post-contingency state, the flow does not exceed the 15-Minute LTRs of the R x T 
circuits. 

The 15-Minute LTRs of the R x T circuits were used in the analysis of the post-contingency state 
since control actions are available for the IESO to reduce the circuit loadings to within their 
emergency ratings.  The thermal ratings for R14T, R17T, R19T and R21T are shown in Table 7. 

In determining the maximum flow allowed on these circuits, the following contingencies were 
considered: 
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1) The loss of T36B and T37B. 

2) The loss of T39B and T38B. 

3) The loss of R19T and R21T. 

4) The loss of R14T and R17T. 

5) The loss of M572T and M573T. 

6) The loss of B560V and B561M. 

7) The loss of T39B. 

8) The loss of T37B. 

9) The loss of R19T. 

10) The loss of R14T. 

From the linear analysis, the maximum power transfer allowed across the R x T interface was found 
to be 1625 MW due to the pre-contingency flow reaching the continuous rating of the R19T circuit 
section between Erindale Junction and Hanlan Junction.  Since the maximum flow is not caused by a 
post-contingency limitation, the use of an SPS will not improve the pre-contingency limitation. 

Table 9 shows the distribution factors on the R x T circuits and circuits T36B, T37B, T38B and T39B 
for an increase in generation at Halton Hills GS and a decrease in generation at three different 
facilities – Lennox, Nanticoke and Beck 2. 

Table 9: Halton Hills GS Distribution Factors 
Circuit Direction Shift to Lennox* Shift to Nanticoke** Shift to Beck 2** 

R19T T to R 14 8 7 

R21T T to R 14 8 7 

R14T T to R 12 7 5 

R17T T to R 12 7 5 

T36B T to B 5 11 13 

T37B T to B 5 11 13 

T38B Lantz J to Trafalgar  45 39 36 

 Lantz J to Burlington 5 11 14 

T39B Lantz J to Trafalgar  45 39 36 

 Lantz J to Burlington 5 11 14 

* Located east of Halton Hills GS and GTA 

** Located southwest of Halton Hills GS 

The distribution factors show a majority of the Halton Hills generation would show up on the T38B 
and T39B between Lantz Junction and Trafalgar TS (90%, 78% & 72%), followed by the R x T 
interface (52%, 30% & 24%).  For example, if generation from Halton Hills GS replaced generation 
east of the GTA, the flow across the R x T interface would increase approximately by 322 MW (52% 
of 620 MW Halton Hills generation). 

Using these distribution factors, an analysis of the historical flow on the R x T circuits over last year 
suggests that the addition of Halton Hills GS may aggravate conditions where congestion occurs.  
However, the flow on the R x T interface is more affected by the overall generation dispatch of the 
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power system and the local loading conditions at the west GTA transformer stations.  The IESO 
monitors electricity market costs caused by congestion.  In the future, should these costs increase 
materially on the R x T interface, the IESO may recommend the reinforcement of the R x T interface. 

Finally, there is a future transmission reinforcement proposal in the OPA’s Integrated Power System 
Plan (IPSP) that would result in the 500 kV system at Milton SS being connected to the 230 kV 
system at Halton TS after Halton Hills GS goes into service.  Should this transmission reinforcement 
occur, the IESO believes that an SPS may also be required to respect post-contingency limitations on 
the critical circuit section between Lantz Junction and Trafalgar TS for T38B and T39B.  This 
requirement would be confirmed by the IESO at a time when the SIA for the transmission 
reinforcement is initiated by the transmitter. 

 

Should a future SPS be installed to improve the transfer capability of the RxT interface or to 
accommodate transmission reinforcement projects, Halton Hills GS will be required to connect and to 
participate in the SPS by installing appropriate protection and control facilities at Halton Hills GS. 

Therefore, the present design of protection and control facilities at Halton Hills GS must not preclude 
the installation of protection and control facilities in the future. 

 

-End of Section-
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7. Dynamic Response Assessment 

Dynamic studies were performed to demonstrate that the generator control systems for G1, G2 and 
G3 meet some of the specific performance standard requirements of Appendix 4.2 of the Market 
Rules. 

7.1 Excitation System Response 
Each synchronous generating unit that is rated at 10 MVA or larger shall be equipped with an 
excitation system that meets the requirements outlined in Reference 12 of Appendix 4.2.  Specifically, 
each excitation system must have: 

• A voltage response time not longer than 50 ms for a voltage reference step change not to 
exceed 5%, 

• A positive ceiling voltage of at least 200% of the rated field voltage, and 

• A negative ceiling voltage of at least 140% of the rated field voltage. 

Response ratio tests using PSS/E were conducted to evaluate the positive ceiling voltage (bullet two) 
for the proposed exciters.    Each generator, G1 and G3, is initialized to its rated MVA at a 90% 
lagging power factor.  At t = 0, the voltage set point is raised suddenly to drive to the exciter’s ceiling 
voltage as quickly as possible.  The proposed G2 exciter was not tested since it will be the same as the 
G1 exciter. 

The response plots associated with the response ratio tests are shown in Figures 9 for G1 and Figure 
10 for G3.  Table 10 summarizes the key elements of these test results. 

Table 10: G1, G2 & G3 Response Ratio Test Results 

Generator Efd rated load 

(t = 0 sec) 

Efd Steady-State 
Maximum 

Response ratio  

G1 & G2 2.717 5.980 (t = 0.650) 

3.842 (t = 5.0) 

220% 

141% 

G3 2.903 6.428 (t = 5.0) 221% 

 

As shown in Figure 9, the positive ceiling voltage for the G1 exciter exceeds 200% of the rated field 
voltage for approximately 650 ms and then steadily drops to 141% of rated field voltage at 5 seconds.  
The drop occurs because the ceiling limitation of the field current is integrated into the model and is 
set at 140% of rated field current.  The IESO understands that the field current ceiling limitation 
cannot be set above this value due to the physical limitations of the power electronics employed in the 
G1 exciter. 

Additional response ratio tests were completed to evaluate the its performance with the generator 
initialized to its rated MVA at a 95% lagging power factor and at unity power factor.  Figures 11 and 
12 show the response ratio plots of these tests.  It is noted that as the power factor increases to unity 
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power factor, the positive ceiling voltage exceeds 200% of rated field voltage for a longer period of 
time.  At a 95% lagging power factor, the exciter maintains a ceiling voltage of 5.98 pu for 
approximately 830 ms.  At unity power factor, the exciter maintains a ceiling voltage of 5.98 pu for 
approximately 1400 ms.  The results show that with less reactive power output from the generator, the 
field current is at a correspondingly lower value prior to the voltage set point change and will take 
more time to reach its ceiling limitation. 

Open circuit tests using PSS/E were conducted to evaluate the voltage response time (bullet one) for 
the proposed G1 and G3 exciters.  Each generator is initialized to rated terminal voltage on an open 
circuit.  At t = 0, the voltage set point is increased by 5% to evaluate the exciter’s voltage response 
time. 

The response plots associated with the open circuit tests are shown in Figures 13 for G1 and Figure 
14 for G3.  Table 11 summarizes the key findings. 

Table 11: G1, G2 & G3 Open Circuit Test Results 

Generator Efd Minimum 
(1) 

(t = 0 sec) 

Efd Maximum 
(2) 

Δ Efd (2-1) Required change 
(95% of Efd 
rated load shown 
in Table 10) 

G1 & G2 1.13 pu 5.98 pu 4.85 pu 2.58 pu 

G3 1.07 pu 6.08 5.01 pu 2.76 pu 

 
Figures 13 and 14 also show that the voltage response time of each exciter is less than 50 ms. 
 

The results show that based on the initial data provided the G1, G2 and G3 exciters will meet the 
Market Rules requirements. 

 

7.2 Governor Response 
The G1, G2 and G3 speed governors must meet the requirements outlined in Reference 16 of 
Appendix 4.2.  In particular, the governor must have a permanent speed droop that can be set in the 
range between 3% and 7% and the intentional dead band must not be wider than ±36 mHz (±0.006 
pu). 

A governor response tests using PSS/E was completed for the proposed G1 and G3 governors.  The 
proposed G2 governor was not tested since it will be the same as the G1 governor.  Figures 15 and 16 
show the test results for G1 and G3, respectively. 

In each Figure, the generator’s speed deviation and mechanical power, both in per unit, are shown 
based on a function of time.  Examination of each Figure indicates that subject to a 0.1 pu step change 
in mechanical power, the speed deviation reaches a steady state value of approximately -0.00403 pu 
for G1 and a steady state value of approximately -0.00388 pu for G3.  This corresponds to a droop of 
4.03% for G1 and a droop of 3.88% for G3. 

Figures 15 and 16 also show that there is no intentional dead band in the speed deviation response due 
to the change in mechanical power at t = 0. 
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The results show that based on the initial data provided the G1, G2 and G3 governors will meet the 
Market Rules requirement. 

 

7.3 Transient Stability Performance 
Transient stability simulations were completed to determine if the power system will be transiently 
stable with the incorporation of Halton Hills GS for recognized fault conditions.  In particular, the 
transient responses of a Bruce generator, a Nanticoke generator and Halton Hills generators G1 and 
G3 were monitored. 

The following contingencies were simulated assuming typical, high speed fault clearing times: 

• a 3-phase fault on 230 kV circuit T38B at Halton Hills GS, and, 

• a simultaneous line to line to ground (LLG) fault on 500 kV circuits B560V and B561M at 
Willowcreek junction. 

The results of these simulations are shown in Figures 17 and 18.  These figures show the rotor angle 
response of the generators as a function of time during and following the simulated fault conditions.   

The transient responses show that the generators remain synchronized to the power system and the 
oscillations are sufficiently damped following both contingencies.  In addition, the results also show 
that the field current ceiling limitation of the G1 exciter, as noted in section 7.1, does not negatively 
affect the responses. 

7.4 Finalized Data 
 

TransCanada is required to provide finalized data from commissioning tests associated with the 
generator control systems to validate the models and data provided to the IESO.  These tests must be 
performed and results be supplied to the IESO within three months of in-service date. 

 

-End of Section- 
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G1 Response Ratio Test - Unity power factor
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Figure 13

G1 Open Circuit Test

1.13

5.98

1.00

1.05

38



Figure 14

G3 Open Circuit Test

1.07

6.08

1.00

1.05

39



G1 Governor Response Test
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Figure 17
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Appendix A: Halton Hills GS PSS/E Models 
& Data 

A.1 Generators 
G1 (225 MVA) & G2 (225 MVA) – GENROU 

CONs Value Description 

J 10.48 T’D0 (sec) (>0) 

J+1 0.048 T"D0 (sec) (>0) 

J+2 1.16 T’Q0 (sec) (>0) 

J+3 0.085 T"Q0 (sec) (>0) 

J+4 5.67 Inertia, H 

J+5 0 Speed damping, 

J+6 1.8675 XD 

J+7 1.8190 XQ 

J+8 0.2371 X’D 

J+9 0.4162 X’Q 

J+10 0.1782 X"D = X"Q 

J+11 0.1514 XL 

J+12 0.1310 S(1.0) 

J+13 0.4750 S(1.2) 

G3 (305 MVA) – GENROU 

CONs Value Description 

J 8.92 T’D0 (sec) (>0) 

J+1 0.042 T"D0 (sec) (>0) 

J+2 0.93 T’Q0 (sec) (>0) 

J+3 0.066 T"Q0 (sec) (>0) 

J+4 4.89 Inertia, H 

J+5 0 Speed damping, 

J+6 2.2080 XD 

J+7 2.0840 XQ 

J+8 0.2270 X’D 

J+9 0.3660 X’Q 

J+10 0.1720 X"D = X"Q 

J+11 0.1550 XL 

J+12 0.0700 S(1.0) 

J+13 0.2160 S(1.2) 
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A.2 Excitation Systems 
G1 & G2 – UST6B 

ICON Value Description  CONs Value Description 

M 1 OEL (1 or 2)  J 0.012 TR (sec) 

    J+1 100 KPA (>0) 

    J+2 10 KIA 

    J+3 0 KDA 

    J+4 0 TDA (sec) 

    J+5 5.98 VAMAX 

    J+6 -5.82 VAMIN 

    J+7 1 KFF 

    J+8 0 KM 

    J+9 1 KCI 

    J+10 30 KLR 

    J+11 3.97 ILR 

    J+12 6.72 VRMAX 

    J+13 -5.82 VRMIN 

    J+14 1 KG 

    J+15 0.02 TG (sec) (>0) 

G3 – ESST1A 

ICON Value Description  CONs Value Description 

IC 1 UEL (1, 2 or 3)  J 0.010 TR (sec) 

IC+1 1 VOS (1 or 2)  J+1 0.100 VIMAX 

    J+2 -0.100 VIMIN 

    J+3 5 TC (sec) 

    J+4 50 TB (sec) 

    J+5 0 TC1 (sec) 

    J+6 0 TB1 (sec) 

    J+7 1000 KA 

    J+8 0 TA (sec) 

    J+9 7.16 VAMAX 

    J+10 -6.30 VAMIN 

    J+11 7.16 VRMAX 

    J+12 -6.30 VRMIN 

    J+13 0.061 KC 

    J+14 0 KF 

    J+15 1 TF (sec) (>0) 

    J+16 2 KLR 

    J+17 6.06 ILR 
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A.3 Power System Stabilizers 
G1 & G2 – PSS2A 

ICONs Value Description  CONs Value Description 

IC 1 VS1 (ICS1), 1st stabilizer 
input code 

 J 10 TW1 (>0) 

IC+1 0 REMBUS1  J+1 10 TW2 

IC+2 3 VS2 (ICS2), 2nd stabilizer 
input code 

 J+2 0 T6 

IC+3 0 REMBUS1  J+3 10 TW3 (>0) 

IC+4 5 M  J+4 0 TW4 

IC+5 1 N  J+5 10 T7 

    J+6 0.881 KS2 

    J+7 1 KS3 

    J+8 0.500 T8 

    J+9 0.100 T9 (>0) 

    J+10 10 KS1 

    J+11 0.130 T1 

    J+12 0.020 T2 

    J+13 0.130 T3 

    J+14 0.020 T4 

    J+15 0.100 VSTMAX 

    J+16 -0.050 VSTMIN 

G3 – PSS2A 

ICONs Value Description  CONs Value Description 

IC 1 VS1 (ICS1), 1st stabilizer 
input code 

 J 10 TW1 (>0) 

IC+1 0 REMBUS1  J+1 10 TW2 

IC+2 3 VS2 (ICS2), 2nd stabilizer 
input code 

 J+2 0 T6 

IC+3 0 REMBUS1  J+3 10 TW3 (>0) 

IC+4 5 M  J+4 0 TW4 

IC+5 1 N  J+5 10 T7 

    J+6 1.022 KS2 

    J+7 1 KS3 

    J+8 0.500 T8 

    J+9 0.100 T9 (>0) 

    J+10 10 KS1 

    J+11 0.110 T1 

    J+12 0.020 T2 

    J+13 0.110 T3 

    J+14 0.020 T4 

    J+15 0.100 VSTMAX 

    J+16 -0.050 VSTMIN 
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A.4 Governors 
G1 & G2 – WESGOV 

CONs Value Description 

J 0.100 ΔTC (sec) 

J+1 0.100 ΔTP (sec) 

J+2 0.040 Droop 

J+3 18.40 KP 

J+4 0.330 TI (sec) (>0) 

J+5 0.300 T1 (sec) 

J+6 0.590 T2 (sec) 

J+7 0.420 ALIM 

J+8 0.100 TPE (sec) 

G3 – IEEEG1 

CONs Value Description 

J 25 K 

J+1 0 T1 (sec) 

J+2 0 T2 (sec) 

J+3 0.004 T3 (sec) (>0) 

J+4 0.125 UO (pu/sec) 

J+5 -5 UP (pu/sec) (<0) 

J+6 1 PMAX (pu on machine MVA 
rating) 

J+7 0 PMIN (pu on machine MVA 
rating) 

J+8 0.100 T4 (sec) 

J+9 0.200 K1 

J+10 0 K2 

J+11 10 T5 (sec) 

J+12 0 K3 

J+13 0 K4 

J+14 0.200 T6 (sec) 

J+15 0.320 K5 

J+16 0 K6 

J+17 0.300 T7 (sec) 

J+18 0.480 K7 

J+19 0 K8 
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Appendix B: Results of Voltage 
Performance Studies 

1. Loss of 230 kV circuit T38B with Halton Hills GS not connected (TCE Halton Hills Junction 
disconnects 7033-T38B and 7033-T39B open). 
 

 Pre-ULTC (kV) Post-ULTC (kV) 
 Pre-contingency (kV) Pre-ULTC (kV) % Change Post-ULTC (kV) % Change 

Burlington 230 kV bus 238 238 -0.2 238 -0.4 

Trafalgar 230 kV bus 240 240 -0.1 239 -0.4 

Trafalgar DESN 230 kV bus (T38B) 240 - - - - 

Trafalgar DESN 230 kV bus (T39B) 240 239 -0.2 238 -0.5 

Trafalgar DESN 27.6 kV 29.2 27.4 -6.2 29.0 -0.8 

Meadowvale 230 kV (T38B) 237 - - - - 

Meadowvale 230 kV (T39B) 237 233 -1.8 231 -2.4 

Meadowvale 44 kV 46.5 43.5 -6.3 46.5 0.1 

Halton 230 kV (T38B) 237 - - - - 

Halton 230 kV (T39B) 237 233 -1.8 231 -2.6 

HALTON Q 27.6 kV 29.1 26.2 -10.3 29.2 0.1 

HALTON J 27.6 kV 29.1 26.2 -10.3 29.2 0.1 

Palermo 230 kV (T36B) 239 238 -0.2 238 -0.4 

Palermo 230 kV (T37B) 239 238 -0.2 238 -0.4 

Palermo 27.6 kV 29.0 29.0 -0.2 29.3 0.8 

 
2. Loss of 230 kV circuit T38B with Halton Hills GS connected. 
 

 Pre-ULTC (kV) Post-ULTC (kV) 
 Pre-contingency (kV) Pre-ULTC (kV) % Change Post-ULTC (kV) % Change 

Burlington 230 kV bus 241 241 0.0 241 -0.1 

Trafalgar 230 kV bus 242 242 0.0 242 -0.1 

Trafalgar DESN 230 kV bus (T38B) 242 - - - - 

Trafalgar DESN 230 kV bus (T39B) 242 242 0.0 241 -0.1 

Trafalgar DESN 27.6 kV 29.1 27.3 -6.1 29.3 0.7 

Meadowvale 230 kV (T38B) 239 - - - - 

Meadowvale 230 kV (T39B) 239 237 -1.0 236 -1.3 

Meadowvale 44 kV 46.3 43.7 -5.7 46.3 -0.1 

Halton 230 kV (T38B) 239 - - - - 

Halton 230 kV (T39B) 239 237 -1.0 236 -1.3 

HALTON Q 27.6 kV 29.0 26.3 -9.5 29.0 -0.1 

HALTON J 27.6 kV 29.0 26.3 -9.5 29.0 -0.1 

Palermo 230 kV (T36B) 241 241 0.0 241 -0.1 

Palermo 230 kV (T37B) 241 241 0.0 241 -0.1 

Palermo 27.6 kV 29.0 29.0 0.0 29.3 1.1 
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3. Loss of 230 kV circuit T38B plus simultaneous loss of Halton Hills G1, G2 & G3 due to a Halton 
Hills HT3L38 circuit breaker failure. 
 

 Pre-ULTC (kV) Post-ULTC (kV) 
 Pre-contingency (kV) Pre-ULTC (kV) % Change Post-ULTC (kV) % Change 

Burlington 230 kV bus 243 240 -1.0 240 -1.2 

Trafalgar 230 kV bus 245 242 -1.2 241 -1.5 

Trafalgar DESN 230 kV bus (T38B) 244 - - - - 

Trafalgar DESN 230 kV bus (T39B) 244 241 -1.3 241 -1.6 

Trafalgar DESN 27.6 kV 29.5 27.3 -7.1 29.3 -0.6 

Meadowvale 230 kV (T38B) 244 - - - - 

Meadowvale 230 kV (T39B) 244 235 -3.6 234 -4.2 

Meadowvale 44 kV 46.8 43.1 -8.0 46.6 -0.6 

Halton 230 kV (T38B) 244 - - - - 

Halton 230 kV (T39B) 244 235 -3.8 233 -4.5 

HALTON Q 27.6 kV 29.4 25.9 -11.9 29.2 -0.7 

HALTON J 27.6 kV 29.4 25.9 -11.9 29.2 -0.7 

Palermo 230 kV (T36B) 243 240 -1.1 240 -1.4 

Palermo 230 kV (T37B) 243 240 -1.1 240 -1.4 

Palermo 27.6 kV 29.3 29.0 -1.1 29.2 -0.2 

 
4. Simultaneous loss of Halton Hills G1, G2 & G3. 
 

 Pre-ULTC (kV) Post-ULTC (kV) 
 Pre-contingency (kV) Pre-ULTC (kV) % Change Post-ULTC (kV) % Change 

Burlington 230 kV bus 243 241 -0.9 241 -0.9 

Trafalgar 230 kV bus 245 242 -1.1 242 -1.1 

Trafalgar DESN 230 kV bus (T38B) 244 242 -1.1 242 -1.1 

Trafalgar DESN 230 kV bus (T39B) 244 242 -1.1 242 -1.1 

Trafalgar DESN 27.6 kV 29.5 29.1 -1.1 29.1 -1.1 

Meadowvale 230 kV (T38B) 244 239 -1.9 239 -2.0 

Meadowvale 230 kV (T39B) 244 239 -1.9 239 -2.0 

Meadowvale 44 kV 46.8 45.9 -1.9 46.4 -0.9 

Halton 230 kV (T38B) 244 239 -2.1 239 -2.1 

Halton 230 kV (T39B) 244 239 -2.1 239 -2.1 

HALTON Q 27.6 kV 29.4 28.8 -2.1 29.1 -1.0 

HALTON J 27.6 kV 29.4 28.8 -2.1 29.1 -1.0 

Palermo 230 kV (T36B) 243 241 -1.0 241 -1.0 

Palermo 230 kV (T37B) 243 241 -1.0 241 -1.0 

Palermo 27.6 kV 29.3 29.0 -1.0 29.0 -1.0 

 

-End of Document- 




