
 

 

October 29, 2010 

Mr. Frank Risi  

Sustainment Manager - Transmission Stations Planning 

Hydro One Networks  

483 Bay Street 

Toronto, Ontario  

M5G 2P5 

Dear Mr. Risi:  

Replacement of 19 Transformers (125 MVA) 

Notification of Conditional Approval of Connection Proposal  

CAA ID Number: 2009-EX460 

Thank you for the information regarding the proposed replacements of nineteen 125 MVA transformers 

at various transformer stations. 

We have concluded that the proposed changes will not result in a material adverse impact on the 

reliability of the integrated power system.  

The IESO is therefore pleased to grant conditional approval  for the modification detailed in the 

attached assessment report.  Any material changes to your proposal may require re -assessment by the 

IESO in accordance with Market Manual 2.10, and may nullify your conditional approval.  

Final approval  to connect the facility to the IESO-controlled grid will be granted upon success ful 

completion of the IESO Market Entry process including, without limitation, satisfactory completion of 

the requirements set out in the System Impact Assessment report.  During this process you will be 

expected to demonstrate that you have fulfilled the requirements and that the facility you have 

ÐÕÚÛÈÓÓÌËɯÐÚɯÔÈÛÌÙÐÈÓÓàɯÜÕÊÏÈÕÎÌËɯÍÙÖÔɯÛÏÌɯ×ÙÖ×ÖÚÈÓɯÈÚÚÌÚÚÌËɯÉàɯÛÏÌɯ($2.ȭɯɯ/ÓÌÈÚÌɯÙÌÍÌÙɯÛÖɯÛÏÌɯȿExternal 

Guidelines for Connection to the IESO ɀɯÈÛÛÈÊÏÔÌÕÛɯÐÕɯàÖÜÙɯÈ××ÙÖÝÈÓɯÌÔÈÐÓɯÍÖÙɯÒÌàɯÚÛÌ×ÚɯÐÕɯÛÏÌɯ,ÈÙÒÌÛɯ

Entry process. In order to initiate this process, please contact Market Entry at market.entry@ieso.ca as 

soon as possible prior to your energization date.  

For further information, please contact the undersigned.  

Yours truly,  

 

 

 

 

 

Barbara Constantinescu 

Manager ɬ Market Facilitation  

Telephone: (905) 855-6406 

Fax: (905) 855-6319 

E-mail: barbara.constantinescu@ieso.ca  

cc: IESO Records 
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Final Report - Expedited System Impact Assessment 

Hydro One Networks Inc. 

1.0 GENERAL DESCRIPTION & PROPOSED MODIFICATIO NS 

Hydro One is replacing nineteen 125 MVA transformers due to a common design problem causing gassing.  

The schedule for the replacements will be communicated via the outage process. 

2.0 TECHNICAL SPECIFICATIONS 

The technical specifications of the existing transformers at the various locations are given in the following 

tables.  

2.1 Existing Transformers 

Technical Specifications of Existing Transformers 

Transformer Bramalea T2 Brantford T3 & T4 Cumberland T3 & T4 

Configuration Three phase Three phase Three phase 

Transformation (kV) 215.5/28/28 215.5/28/28 215.5/28/28 

Winding Configuration Wye/Z/Z Wye/Z/Z Wye/Z/Z 

Thermal Rating 75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

Continuous Thermal Rating 
(summer 35°C) 

125.0 MVA 125.0 MVA 125.0 MVA 

10-DAY Thermal Rating 
(summer 35°C) 

144.0 MVA 144.0 MVA 144.0 MVA 

15-MIN Thermal Rating 
(summer 35°C) 

144.0 MVA 144.0 MVA 144.0 MVA 

Positive Sequence Impedance R = 0.233 %  
X = 12.2 % 
on 37.5 MVA base 

R = 0.32 to 0.33 %  
X = 11.7 to 11.9 % 
on 37.5 MVA base 

R = 0.33 to 0.34 %  
X = 11.6 to 11.7 % 
on 37.5 MVA base 

Impedance to Ground мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ м Ҡ ό½ ǿƛƴŘƛƴƎǎύ 

Under-load tap-changer ± 40 kV, 32 steps ± 40 kV, 32 steps ± 40 kV, 32 steps 

Off-load tap-changer Not applicable Not applicable Not applicable 

In service off-load tap position Not applicable Not applicable Not applicable 
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Technical Specifications of Existing Transformers 

Transformer Ellesmere T3 & T4 Finch T3 & T4 Galt T7 & T8 

Configuration Three phase Three phase Three phase 

Transformation (kV) 215.5/28/28 215.5/28/28 215.5/28/28 

Winding Configuration Wye/Z/Z Wye/Z/Z Wye/Z/Z 

Thermal Rating 75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

Continuous Thermal Rating 
(summer 35°C) 

125.0 MVA 125.0 MVA 125.0 MVA 

10-DAY Thermal Rating 
(summer 35°C) 

144.0 MVA 144.0 MVA 144.0 MVA 

15-MIN Thermal Rating 
(summer 35°C) 

144.0 MVA 144.0 MVA 144.0 MVA 

Positive Sequence Impedance R = 0.34 %  
X = 11.6 to 11.8 % 
on 37.5 MVA base 

R = 0.33 %  
X = 11.9 to 12.0 % 
on 37.5 MVA base 

R = 0.33 %  
X = 11.6 to 12.3 % 
on 37.5 MVA base 

Impedance to Ground мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ 

Under-load tap-changer ± 40 kV, 32 steps ± 40 kV, 32 steps ± 40 kV, 32 steps 

Off-load tap-changer Not applicable Not applicable Not applicable 

In service off-load tap position Not applicable Not applicable Not applicable 

 

 

 

Technical Specifications of Existing Transformers 

Transformer Ingersoll T5 & T6 Leslie T3 Malden T1 & T2 

Configuration Three phase Three phase Three phase 

Transformation (kV) 215.5/28/28 215.5/28/28 215.5/28/28 

Winding Configuration Wye/Z/Z Wye/Z/Z Wye/Z/Z 

Thermal Rating 75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

Continuous Thermal Rating 
(summer 35°C) 

125.0 MVA 125.0 MVA 125.0 MVA 

10-DAY Thermal Rating 
(summer 35°C) 

144.0 MVA 144.0 MVA 144.0 MVA 

15-MIN Thermal Rating 
(summer 35°C) 

144.0 MVA 144.0 MVA 144.0 MVA 

Positive Sequence Impedance R = 0.32 to 0.33 %  
X = 11.6 to 11.8 % 
on 37.5 MVA base 

R = 0.33 %  
X = 11.8 % 
on 37.5 MVA base 

R = 0.27 to 0.29 %  
X = 11.3 to 11.7 % 
on 37.5 MVA base 

Impedance to Ground мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ 

Under-load tap-changer ± 40 kV, 32 steps ± 40 kV, 32 steps ± 40 kV, 32 steps 

Off-load tap-changer Not applicable Not applicable Not applicable 

In service off-load tap position Not applicable Not applicable Not applicable 
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Technical Specifications of Existing Transformers 

Transformer Modeland T4 Oakville T5 & T6 

Configuration Three phase Three phase 

Transformation (kV) 215.5/28/28 215.5/28/28 

Winding Configuration Wye/Z/Z Wye/Z/Z 

Thermal Rating 75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

Continuous Thermal Rating (summer 35°C) 125.0 MVA 125.0 MVA 

10-DAY Thermal Rating (summer 35°C) 144.0 MVA 144.0 MVA 

15-MIN Thermal Rating (summer 35°C) 144.0 MVA 144.0 MVA 

Positive Sequence Impedance R = 0.28 %  
X = 11.3 to 11.5 % 
on 37.5 MVA base 

R = 0.29 %  
X = 11.4 to 11.6 % 
on 37.5 MVA base 

Impedance to Ground мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ 

Under-load tap-changer ± 40 kV, 32 steps ± 40 kV, 32 steps 

Off-load tap-changer Not applicable Not applicable 

In service off-load tap position Not applicable Not applicable 

2.2 Replacement Transformers  

The technical specifications of the replacement transformers are given in the following table. Note that these 

are the planning specifications used to purchase the replacement transformers.  The actual ñas installedò 

specifications of the replacement transformers will be reviewed before the equipment is put into service. 

Technical Specifications of Replacement Transformers 
All values as specifieŘ ŀǘ ǘƘŜ ǘƛƳŜ ƻŦ ƻǊŘŜǊΦ  !Ŏǘǳŀƭ ǾŀƭǳŜǎ ǘƻ ōŜ ǇǊƻǾƛŘŜŘ Ǿƛŀ IȅŘǊƻ hƴŜΩǎ 

Secure Web for Operational Information. 

Configuration Three phase 

Transformation (kV) 215.5/28/28 

Winding Configuration Wye/Z/Z 

Thermal Rating 
75.0 MVA ONAN 
100.0 MVA ONAF 
125.0 MVA OFAF 

Continuous Thermal Rating (summer 35°C) 125.0 MVA 

10-DAY Thermal Rating (summer 35°C) 197 MVA 

15-MIN Thermal Rating (summer 35°C) 250 MVA 

Positive Sequence Impedance 11.5 %  
37.5 MVA base 

Impedance to Ground мΦр Ҡ ό½ ǿƛƴŘƛƴƎǎύ 

Under-load tap-changer ± 40 kV, 32 steps 

Off-load tap-changer Not applicable 

In service off-load tap position Not applicable 
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3.0 REQUIREMENTS 

Hydro One must notify the IESO as soon as it becomes aware of any changes to the assumptions made in the 

connection assessment.  The IESO will determine whether these changes require a re-assessment. 

Hydro One is required to meet the requirements with respect to protection systems for the replacement 

transformers and coordination with the existing protection systems, as outlined in the Transmission System 

Code. 

The Market rules (Chapter 4 section 7.4) require that transmitter shall provide the IESO on a continual basis 

with on-line monitored quantities as specified in Appendix 4.16. For this proposed project, the IESO will 

continue to require the operating quantities associated with these transformers. 

The Market Rules require that Hydro One have the capability to maintain power factor (pF) within the range 

of 0.9 lagging and 0.9 leading as measured at the defined metering point.  This power factor range translates 

into a load angle range between - 0.45 and + 0.45 radians.  All points above 0.45 radians indicate a lagging 

power factor below 0.9.  All points below -0.45 radians indicate a leading power factor below 0.9, which is 

not a concern to the IESO.   

Provided that the TSC requirements are satisfied, the IESO does not have additional requirements. 

4.0 ASSESSMENT & CONCLUSIONS 

The information provided by Hydro One Networks Inc. shows that the technical characteristics of the 

replacement transformers are equal to or better than those of the existing ones.   

The specified 10-DAY and 15-MIN LTRs are higher than those of the existing transformers.   
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4.1 Assessment of Bramalea T2 Replacement 

4.1.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Bramalea T1 and T2. 

Please note that the 10-DAY summer LTR after the installation of the replacement transformer may be 

slightly different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T1 & T2 @ Bramalea TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T2 Replacement T2 

T1 O/S  (205.7) O/S  (205.7) 

T2 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 1 ï Bramalea T1 & T2 10-DAY Summer Capability 

4.1.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T1 

& T2 at Bramalea TS.  The peak load of 141.2 MVA occurred on June 23, 2009 at 13:00.  Figure 1 shows the 

loading at the LV side of T1 and T2.  

 

Figure 1 ï T1 & T2 Load at Bramalea TS 
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The load on Bramalea T1 & T2 is projected to increase by 1% annually as shown in the table below. 

Bramalea T1 and T2 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 141.2 MVA (actual) 

144.0 MVA 
(before replacement) 

 

197.0 MVA 
(after replacement) 

2010 142.6 MVA 

2011 144.0 MVA 

2012 145.4 MVA 

2013 146.9 MVA 

2014 148.4 MVA 

2025 165.5 MVA 

Table 2 ï Bramalea T1 & T2 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 1.4 MVA  when compared to 

the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected loads 

as shown in Table 2, Bramalea TS is not expected to exceed its 10-day summer LTRs in the near future. 

4.1.3 Load Angle 

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T1 & T2 at Bramalea TS.  Figure 2 illustrates the load angle on the LV side of T1 and T2 during the daily 

on-peak hours, which are defined as 7 a.m. until 11 p.m.   

Bramalea T1 & T2 DESN is equipped with low voltage shunt capacitors, SC1 and SC2, providing reactive 

compensation totaling 50.4 MX at 28.8 kV.  Also installed at Bramalea TS are SC3 and SC4 on the JQ bus 

and SC5 and SC6 on the ZE bus providing additional reactive compensation. 

 

Figure 2 ï Load Angle at Bramalea T1 & T2  
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Between March 1, 2009 and March 31, 2010, the highest load angle of 0.488 radians at Bramalea T1 & T2 

DESN occurred on August 20, 2009 at 22:30. All six capacitors were in service at that time providing 

reactive compensation.   

The lowest observed power factor on the low voltage side and the corresponding power factor as calculated 

on the high voltage side are shown in the table below. 

Date Time P Total 
(MW)  

Q Total 
(MX)  

LV Power Factor 
(observed) 

HV Power Factor 
(calculated) 

August 20, 2009 22:30 71.06 37.70 0.883 0.828 

 

To maintain the power factor in the range of 0.9 lagging to 0.9 leading at the defined meter point, an 

additional 13 MX of reactive compensation is required at Bramalea TS.  

The IESO requires that Hydro One implements correction measures as soon as practical, either in 

cooperation with the loads, or by installing power factor correction devices at this station.  

4.1.4 Line Taps 

TheV41H and V42H line taps have minimum summer continuous ratings of 1750 A (349 MVA) for V41H 

and 1740 A (347 MVA) for V42H at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply 

the near term load growth that would occur at Bramalea TS.  
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4.2 Assessment of Brantford T3 & T4 Replacements 

4.2.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Brantford T3 & T4. 

Please note that the 10-DAY summer LTR after the installation of the replacement transformers may be 

slightly different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T3 & T4 @ Brantford TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T3 & T4 Replacement T3 & T4 

T3 O/S  (144) O/S (197.0 specified) 

T4 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 3 ï Brantford  T3 & T4 10-DAY Summer Capability 

4.2.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T3 

& T4 at Brantford TS.  The peak load of 130.4 MVA on T3 and T4 at Brantford TS occurred on March 10, 

2009 at 10:00.  Figure 3 shows the loading at the LV side of T3 and T4.  

 

Figure 3 ï T3 & T 4 Load at Brantford  TS 
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The load at Brantford TS is projected to increase by 1% annually as shown in the table below. 

Brantford T3 and T4 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 130.4 MVA (actual) 

144.0 MVA 
(before replacements) 

 

197.0 MVA 
(after replacements) 

2010 131.7 MVA 

2011 133.0 MVA 

2012 134.4 MVA 

2013 135.7 MVA 

2014 137.1 MVA 

2025 152.9 MVA 

Table 4 ï Brantford  T3 & T4 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 12.3 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 4, Brantford T3 & T4 is not expected to exceed its 10-day summer LTRs in the near 

future. 

4.2.3 Load Angle  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T3 & T4 at Brantford TS.  Figure 4 illustrates the load angle on the LV side of T3 and T4 during the daily 

on-peak hours, which are defined as 7 a.m. until 11 p.m.   

Brantford TS is equipped with low voltage shunt capacitors, SC3 and SC4, providing reactive compensation 

totaling 43.2 MX at 28.8 kV.   

 

Figure 4 ï Load Angle at Brantford  T3 & T 4 
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Between March 1, 2009 and March 31, 2010, the highest load angle of 0.468 radians at Brantford T3 & T4 

occurred on June 6, 2009 at 18:00.  Neither SC3 nor SC4 were in service at that time and as a result were not 

providing any reactive compensation.  

The lowest observed power factor on the low voltage side and the corresponding power factor as calculated 

on the high voltage side are shown in the table below. 

Date Time P Total 
(MW)  

Q Total 
(MX)  

LV Power Factor 
(observed) 

HV Power Factor 
(calculated) 

June 6, 2009 18:00 56.90 28.74 0.893 0.852 

 

To maintain the power factor in the range of 0.9 lagging to 0.9 leading at the defined meter point, 7 MX of 

reactive compensation would be required at Brantford TS. Since SC3 and SC4 are capable of providing the 

required reactive compensation, no additional shunt capacitors are required.  

4.2.4 Line Taps 

The M32W and M33W line taps have minimum summer continuous ratings of 1260 A (251 MVA) for 

M32W and 1260 A (251 MVA) for M33W at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to 

supply the near term load growth that would occur at Brantford TS.  
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4.3 Assessment of Cumberland T3 & T4 Replacements 

4.3.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Cumberland T3 & T4. 

Please note that the 10-DAY summer LTR after the installation of the replacement transformers may be 

slightly different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T3 & T4 @ Cumberland TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T3 & T4 Replacement T3 & T4 

T3 O/S  (144) O/S (197.0 specified) 

T4 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 5 ï Cumberland T3 & T4 10-DAY Summer Capability 

4.3.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T3 

& T4 at Cumberland TS.  The peak load of 153.0 MVA on T3 and T4 at Cumberland TS occurred on June 

24, 2009 at 14:30.  Figure 5 shows the loading at the LV side of T3 and T4.  

 

Figure 5 ï T3 & T4 Load at Cumberland TS 



Replacement of 19 Transformers (125 MVA) 2009-EX460 

Page 13 of 38 

 

The load at Cumberland TS is projected to increase by 1% annually as shown in the table below. 

Cumberland T3 and T4 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 153.0 MVA (actual) 

144.0 MVA 
(before replacements) 

 

197.0 MVA 
(after replacements) 

2010 154.5 MVA 

2011 156.1 MVA 

2012 157.6 MVA 

2013 159.2 MVA 

2014 160.8 MVA 

2025 179.4 MVA 

Table 6 ï Cumberland T3 & T4 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a 10.5 MVA capacity deficit when compared to 

the 2010 projected peak loads.  The increase in the 10-DAY summer capability after the transformers are 

replaced (planned for 2010 to 2012) will exceed the projected loads shown in Table 6.  Therefore 

Cumberland TS is not expected to exceed its 10-day summer LTRs after the transformers are replaced. 

4.3.3 Load Angle 

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T3 & T4 at Cumberland TS.  Figure 6 illustrates the load angle on the LV side of T3 and T4 during the 

daily on-peak hours, which are defined as 7 a.m. until 11 p.m.   

There are no low voltage shunt capacitors at Cumberland TS. 

 

Figure 6 ï Load Angle at Cumberland T3 & T 4 
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Between March 1, 2009 and March 31, 2010, the highest load angle of 0.509 at Cumberland T3 & T4 

occurred on September 20, 2009 at 23:00.  

The lowest observed power factor on the low voltage side and the corresponding power factor as calculated 

on the high voltage side are shown in the table below. 

Date Time P Total 
(MW)  

Q Total 
(MX)  

LV Power Factor 
(observed) 

HV Power Factor 
(calculated) 

September 20, 

2009 
23:00 54.80 30.58 0.873 0.832 

 

To maintain the power factor in the range of 0.9 lagging to 0.9 leading at the defined meter point, 10 MX of 

reactive compensation is required at Cumberland TS.  

The IESO requires that Hydro One implements correction measures as soon as practical, either in 

cooperation with the loads, or by installing power factor correction devices at this station. 

4.3.4 Line Taps 

The B40C and B41C line taps have summer continuous rating of 1420 A (283 MVA) for B40C and 1420 A 

(283 MVA) for B41C at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the near term 

load growth that would occur at Cumberland TS.  
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4.4 Assessment of Ellesmere T3 & T4 Replacements 

4.4.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Ellesmere T3 & T4. 

Please note that the 10-DAY summer LTR after the installation of the replacement transformers may be 

slightly different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T3 & T4 @ Ellesmere TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T3 & T4 Replacement T3 & T4 

T3 O/S  (144) O/S (197.0 specified) 

T4 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 7 ï Ellesmere T3 & T4 10-DAY Summer Capability 

4.4.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T3 

& T4 at Ellesmere TS.  The peak load of 127.1 MVA on T3 and T4 at Ellesmere TS occurred on August 17, 

2009 at 1230.  Figure 7 shows the loading at the LV side of T3 and T4.  

 

Figure 7 ï T3 & T4 Load at Ellesmere TS 
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The load at Ellesmere TS is projected to increase by 1% annually as shown in the table below. 

Ellesmere T3 and T4 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 127.1 MVA (actual) 

144.0 MVA 
(before replacements) 

 

197.0 MVA 
(after replacements) 

2010 128.4 MVA 

2011 129.7 MVA 

2012 131.0 MVA 

2013 132.3 MVA 

2014 133.6 MVA 

2025 149.0 MVA 

Table 8 ï Ellesmere T3 & T4 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 15.6 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 8, Ellesmere TS is not expected to exceed its 10-day summer LTRs in the near 

future. 

4.4.3 Load Angle  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T3 & T4 at Ellesmere TS.  Figure 8 illustrates the load angle on the LV side of T3 and T4 during the daily 

on-peak hours, which are defined as 7 a.m. until 11 p.m.   

Ellesmere TS is equipped with low voltage shunt capacitors, SC3 and SC4, providing reactive compensation 

totaling 46.8 MX at 28.8 kV.   

 

Figure 8 ï Load Angle at Ellesmere T3 & T4 
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Between March 1, 2009 and March 31, 2010, the load angle did not exceed 0.45 radians during the daily on-

peak hours.  Although not a concern to the IESO, the load angle was lower than -0.45 radians on occasion, 

with a minimum of -0.482 radians on June 13, 2009 at 0800.  Both SC3 and SC4 were in service at that time 

providing reactive compensation.   

4.4.4 Line Taps 

The C2L and C3L line taps have minimum summer continuous ratings of 1120 A (223 MVA) for C2L and 

1120 A (223 MVA) for C3L at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the 

near term load growth that would occur at Ellesmere TS.  
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4.5 Assessment of Finch T3 & T4 Replacements 

4.5.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Finch T3 & T3. Please 

note that the 10-DAY summer LTR after the installation of the replacement transformers may be slightly 

different than specified due to limiting factors at each station. 

  

10-DAY Summer Ratings for Transformers T3 & T4 @ Finch TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T3 & T4 Replacement T3 & T4 

T3 O/S  (144) O/S (197.0 specified) 

T4 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 9 ï Finch T3 & T4 10-DAY Summer Capability 

4.5.2 Load Peaks and Projections  

Revenue meter information from December 16, 2009 through March 31, 2010 was used to evaluate the load 

on T3 & T4 at Finch TS.  The peak load of 123.1 MVA on T3 and T4 at Finch TS occurred on January 6, 

2010 at 11:30.  Figure 9 shows the loading at the LV side of T3 and T4.  

 

Figure 9 ï T3 & T4 Load at Finch TS 
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The load at Finch TS is projected to increase by 1% annually as shown in the table below. 

Finch T3 and T4 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2010 123.1 MVA (actual) 
144.0 MVA 

(before replacements) 
 

197.0 MVA 
(after replacements) 

2011 124.3 MVA 

2012 125.6 MVA 

2013 126.8 MVA 

2025 142.9 MVA 

Table 10 ï Finch T3 & T4 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 20.9 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 10, Finch TS is not expected to exceed its 10-day summer LTRs in the near future. 

4.5.3 Load Angle  

Revenue meter information from December 16, 2009 through March 31, 2010 was used to evaluate the load 

angle on T3 & T4 at Finch TS.  Figure 10 illustrates the load angle on the LV side of T3 and T4 during the 

daily on-peak hours, which are defined as 7 a.m. until 11 p.m.   

Finch T3 & T4 DESN is equipped with low voltage shunt capacitors, SC3 and SC4, providing reactive 

compensation totaling 46.8 MX at 28.8 kV.   

 

Figure 10 ï Load Angle at Finch T3 & T 4 
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Between March 1, 2009 and March 31, 2010, the load angle at Finch T3 & T4 DESN was within the IESO 

required limits.  

4.5.4 Line Taps 

The C4R and P21R line taps have minimum summer continuous ratings of 1260 A (251 MVA) for C4R and 

1260 A (251 MVA) for P21R at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the 

near term load growth that would occur at Finch TS.  
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4.6 Assessment of Galt T7 & T8 Replacements 

4.6.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Galt T7 & T8. Please 

note that the 10-DAY summer LTR after the installation of the replacement transformers may be slightly 

different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T7 & T8 @ Galt TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T7 & T8 Replacement T7 & T8 

T7 O/S  (144) O/S  (197.0 specified) 

T8 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 11 ï Galt T7 & T8 10-DAY Summer Capability 

4.6.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T7 

& T8 at Galt TS.  The peak load of 119.8 MVA on T7 and T8 at Galt TS occurred on August 17, 2009 at 

13:30.  Figure 11 shows the loading at the LV side of T7 and T8.  

 

Figure 11 ï T7 & T 8 Load at Galt TS 
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The load at Galt TS is projected to increase by 1% annually as shown in the table below. 

Galt T7 and T8 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 119.8 MVA (actual) 
144.0 MVA 

(before replacements) 
 

197.0 MVA 
(after replacements) 

2010 121.0 MVA 

2011 122.2 MVA 

2012 123.4 MVA 

2025 140.5 MVA 

Table 12 ï Galt T7 & T8 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 23.0 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 12, Galt TS is not expected to exceed its 10-day summer LTRs in the near future. 

4.6.3 Load Angle  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T7 & T8 at Galt TS.  Figure 12 illustrates the load angle on the LV side of T7 and T8 during the daily on-

peak hours, which are defined as 7 a.m. until 11 p.m.   

Galt TS is equipped with low voltage shunt capacitors, SC1 and SC2, providing reactive compensation 

totaling 43.2 MX at 28.8 kV.   

 

Figure 12 ï Load Angle at Galt T7 & T 8 
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Between March 1, 2009 and March 31, 2010, the load angle did not exceed 0.45 radians during the daily on-

peak hours.  Although not a concern to the IESO, the load angle was lower than -0.45 radians on occasion, 

with a minimum of -0.616 radians on September 20, 2009 at 7:00.  Both SC1 and SC2 were in service at that 

time providing reactive compensation. 

4.6.4 Line Taps 

The M20D and M21D line taps have minimum summer continuous ratings of 1160 A (231 MVA) for M20D 

and 1160 A (231 MVA) for M21D at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply 

the near term load growth that would occur at Galt TS.  
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4.7 Assessment of Ingersoll T5 & T6 Replacements 

4.7.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Ingersoll T5 & T6. Please 

note that the 10-DAY summer LTR after the installation of the replacement transformers may be slightly 

different than specified due to limiting factors at each station.  

 

10-DAY Summer Ratings for Transformers T5 & T6 @ Ingersoll TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T5 & T6 Replacement T5 & T6 

T5 O/S  (144) O/S  (197.0 specified) 

T6 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 13 ï Ingersoll T5 & T6 10-DAY Summer Capability 

4.7.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T5 

& T6 at Ingersoll TS.  The peak load of 81.5 MVA on T5 and T6 at Ingersoll TS occurred on December 16, 

2009 at 1830.  Figure 13 shows the loading at the LV side of T5 and T6.  

 

Figure 13 ï T5 & T6 Load at Ingersoll TS 
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The load at Ingersoll TS is projected to increase by 1% annually as shown in the table below. 

Ingersoll T5 and T6 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 81.5 MVA (actual) 
144.0 MVA 

(before replacements) 
 

197.0 MVA 
(after replacements) 

2010 82.3 MVA 

2011 83.1 MVA 

2012 84.0 MVA 

2025 95.6 MVA 

Table 14 ï Ingersoll T5 & T6 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 61.7 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 14, Ingersoll TS is not expected to exceed its 10-day summer LTRs in the near 

future. 

4.7.3 Load Angle 

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T5 & T6 at Ingersoll TS.  Figure 14 illustrates the load angle on the LV side of T5 and T6 during the daily 

on-peak hours, which are defined as 7 a.m. until 11 p.m.   

 

 

Figure 14 ï Load Angle at Ingersoll T5 & T6 
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Between March 1, 2009 and March 31, 2010, the load angle at Ingersoll TS was within the IESO required 

limits.  

4.7.4 Line Taps 

The M32W and M33W line taps have minimum summer continuous ratings of 840 A (167 MVA) for M32W 

and 1150 A (229 MVA) for M33W at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply 

the near term load growth that would occur at Ingersoll TS.  

  



Replacement of 19 Transformers (125 MVA) 2009-EX460 

Page 27 of 38 

 

4.8 Assessment of Leslie T3 Replacement 

4.8.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Leslie T3 & T4. Please 

note that the 10-DAY LTR after the installation of the replacement transformers may be slightly different 

than specified due to limiting factors at each station. 

10-DAY Summer Ratings for Transformers T3 & T4 @ Leslie TS 

Transformer 

10-DAY Thermal Rating (MVA) 
(summer 35°C) 

Existing T3 Replacement T3 

T3 O/S  (144) O/S  (197.0 specified) 

T4 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 15 ï Leslie T3 & T4 10-DAY Summer Capability 

4.8.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T3 

& T4 at Leslie TS.  The peak load of 129.2 MVA on T3 and T4 at Leslie TS occurred on March 2, 2009 at 

19:00.  Figure 15 shows the loading at the LV side of T3 and T4.  

 

Figure 15 ï T3 & T 4 Load at Leslie TS 
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The load at Leslie TS is projected to increase by 1% annually as shown in the table below. 

Leslie T3 and T4 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 129.2 MVA (actual) 
144.0 MVA 

(before replacement) 
 

197.0 MVA 
(after replacement) 

2010 130.5 MVA 

2011 131.8 MVA 

2012 133.1 MVA 

2025 151.5 MVA 

Table 16 ï Leslie TS Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 13.5 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 16, Leslie TS is not expected to exceed its 10-day summer LTRs in the near future. 

4.8.3 Load Angle  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T3 & T4 at Leslie TS.  Figure 16 illustrates load angle on the LV side of T3 and T4 during the daily on-

peak hours, which are defined as 7 a.m. until 11 p.m.   

Leslie T3 & T4 DESN is equipped with low voltage shunt capacitors, SC3 and SC4, providing reactive 

compensation totaling 46.8 MX at 28.8 kV.   

 

Figure 16 ï Load Angle at Leslie T3 & T 4 
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Between March 1, 2009 and March 31, 2010, the load angle did not exceed 0.45 radians during the daily on-

peak hours.  Although not a concern to the IESO, the load angle was lower than -0.45 radians on occasion, 

with a minimum of -0.691 radians on January 23, 2010 at 0700.  Both SC3 and SC4 were in service at that 

time providing reactive compensation.   

4.8.4 Line Taps 

The C5R and P21R line taps have minimum summer continuous ratings of 1110 A (221 MVA) for C5R and 

1260 A (251 MVA) for P21R at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the 

near term load growth that would occur at Leslie TS.  
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4.9 Assessment of Malden T1 & T2 Replacements 

4.9.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Malden T1 & T2. Please 

note that the 10-DAY summer LTR after the installation of the replacement transformers may be slightly 

different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T1 & T2 @ Malden TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T1 & T2 Replacement T1 & T2 

T1 O/S  (144) O/S  (197.0 specified) 

T2 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 17 ï Malden T1 & T2 10-DAY Summer Capability 

4.9.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T1 

and T2 at Malden TS.  The peak load of 124.8 MVA on T1 and T2 at Malden TS occurred on June 25, 2009 

at 1400.  Figure 17 shows the loading at the LV side of T1 and T2.  

 

Figure 17 ï T1 and T2 Load at Malden TS 
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The load at Malden TS is projected to increase by 1% annually as shown in the table below. 

Malden T1 and T2 Projected Peak Load Growth 
(assuming a 1% annual load growth) 

Year Projected Peak Load 10-DAY summer capability 

2009 124.8 MVA (actual) 
144.0 MVA 

(before replacements) 
 

197.0 MVA 
(after replacements) 

2010 126.0 MVA 

2011 127.3 MVA 

2012 128.6 MVA 

2025 146.3 MVA 

Table 18 ï Malden T1 & T2 Projected Load Growth 

With the current 10-DAY summer LTR capabilities, there is a spare capacity of 18.0 MVA when compared 

to the 2010 projected peak loads. Given the increase in the 10-DAY summer capability and the projected 

loads as shown in Table 18, Malden TS is not expected to exceed its 10-day summer LTRs in the near future. 

4.9.3 Load Angle  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load angle 

on T1 and T2 at Malden TS.  Figure 18 illustrates the load angle on the LV side of T1 and T2 during the 

daily on-peak hours, which are defined as 7 a.m. until 11 p.m.   

Malden TS is equipped with low voltage shunt capacitors, SC1 and SC2, providing reactive compensation 

totaling 46.8 MX at 28.8 kV.   

 

Figure 18 ï Load Angle at Malden T1 and T2 
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Between March 1, 2009 and March 31, 2010, the load angle at Malden TS was within the IESO required 

limits.  

4.9.4 Line Taps 

The C21J and C22J line taps have minimum summer continuous ratings of 1050 A (209 MVA) for C21J and 

1050 A (209 MVA) for C22J at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the 

near term load growth that would occur at Malden TS.  
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4.10 Assessment of Modeland T4 Replacement 

4.10.1 10-DAY Summer Capability  

The table below compares the existing and future 10-DAY summer capabilities for Modeland T3 and T4. 

Please note that the 10-DAY summer LTR after the installation of the replacement transformer may be 

slightly different than specified due to limiting factors at each station. 

 

10-DAY Summer Ratings for Transformers T3 & T4 @ Modeland TS 

Transformer 

10-DAY Thermal Rating (MVA) 

(summer 35°C) 

Existing T4 Replacement T4 

T3 O/S  (144) O/S  (197.0 specified) 

T4 144.0 197.0 (specified) 

10-DAY Summer Capability 
(with highest rated transformer out of service) 

144.0 197.0 

Table 19 ï Modeland T3 & T4 10-DAY Summer Capability 

4.10.2 Load Peaks and Projections  

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaluate the load on T3 

& T4 at Modeland TS.  The peak load of 117.0 MVA on T3 and T4 at Modeland TS occurred on August 18, 

2009 at 1630.  Figure 19 shows the loading at the LV side of T3 and T4.  

 

Figure 19 ï T3 and T4 Load at Modeland TS 


