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Power to Ontario.

Mr. Frank Risi On Demand.

. L . . Station A, Box 4474
Sustainment Manager - Transmission Stations Planning SN,
Hydro One Networks M5W 4E5

483 Bay Street
Toronto, Ontario
M5G 2P5

Dear Mr. Risi:

Replacementof 19 Transformers (125 MVA)
Notification of Conditional Approval of Connection Proposal
CAA ID Number: 2009-EX460

Thank you for the information regarding the proposed replacementsof 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 grantconditional 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
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Entry process. In order to initiate this process, please contact Market Entry atmarket.entry@ieso.caas

soon as possibleprior to your energization date.

For further information, please contact the undersigned.

Yours truly,

Barbara Constantinescu

Manager ¢ Market Facilitation
Telephone: (905) 8506

Fax: (905) 855319

E-mail: barbara.constantinescu@ieso.ca
cc: IESO Records
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Replacement of 19 Transformers (125 MVA) 2009-EX460

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 communicateth@iautage process.
2.0  TECHNICAL SPECIFICATIONS

The technical specificatiortd the existing transformei the various locations agéven in the following
tables.

2.1 Existing Transformers
Technical Specifications @&xisting Transformers
Transformer BramaleaT2 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
125.0MVA 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 125.0 MVA 125.0 MVA 125.0 MVA

(summer 35°C)

10-DAY Thermal Rating 144.0 MVA 144.0 MVA 144.0 MVA

(summer 35°C)

15-MIN ThermalRating 144.0 MVA 144.0 MVA 144.0 MVA

(summer 35°C)

Positive Sequence |mpedance R=0.33% R=0.32t00.33 % R =0.31t00.34%
X=12% X=11.710119% | X=116t017.%
on 37.5 MVA base on 37.5 MVA base on 37.5 MVA base

Impedance to Ground MOp K 0% g/lmdp K 0% gm K 0% gAY

Underload 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 offload tap position

Not applicable

Not applicable

Not applicable
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Replacement of 19 Transformers (125 MVA)

2009EX460

Technical Specifications of Existing Transformers

Transformer Ellesmere T3& T4 | Finch T3 & T4 GaltT7 & 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/zZ/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 125.0 MVA 125.0 MVA 125.0 MVA
(summer 35°C)
10-DAY Thermal Rating 144.0 MVA 144.0 MVA 144.0 MVA
(summer 35°C)
15-MIN Thermal Rating 144.0 MVA 144.0 MVA 144.0 MVA
(summer 35°C)

R=0.34% R=0.33% R=0.33%

Positive Sequence Impedance

X=11.61t011.8%
on 37.5 MVA base

X=1191t012.0%
on 37.5 MVAase

X=116t0 123 %
on 37.5 MVA base

Impedance to Ground Mdp K 6% d\mdp K 6% gmdPp K 0% 4
Underload 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 offload 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/zZ/Z Wye/zZ/Z Wye/zZ/Z

Thermal Rating 75.0 MVA ONAN 75.0 MVA ONAN 75.0 MVA ONAN
100.0 MVA ONAF 100.0 MVA ONAF 100.0 MVA ONAF
125.0 MVA OFAF 125.0 MVA OFAF 125.0MVA OFAF

Continuous Thermal Rating 125.0 MVA 125.0 MVA 125.0 MVA

(summer 35°C)

10-DAY Thermal Rating 144.0 MVA 144.0 MVA 144.0 MVA

(summer 35°C)

15-MIN Thermal Rating 144.0 MVA 144.0 MVA 144.0 MVA

(summer 35°C)

Positive Sequence |mpedance R=0.32t00.33 % R=0.33% R=0Zt00.3%
X=1161t011.8% X=11.8% X=11310 11.7%
on 37.5 MVA base on 37.5 MVA base on 37.5 MVA base

Impedance to Ground M®p K 0% gmdp K 0% gmodp K 6% ¢

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 offload 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 Ratinggummer 35°C) | 125.0 MVA 125.0 MVA
10-DAY Thermal Ratingsummer 35°C) 144.0 MVA 144.0 MVA
15-MIN Thermal Ratingsummer 35°C) 144.0 MVA 144.0 MVA

R=M®28% R=0.29%

Positive Sequence Impedance

X=113t0 115%
on 37.5 MVA base

X =1141t011.6%
on 37.5 MVA base

Impedance to Ground

Mdp K 0%

MPp K 0%

I}

Under-load tap-changer

+ 40 kV, 32 steps

+ 40 kV, 32 steps

Off-load tap-changer

Not applicable

Not applicable

In service offload tap position

Not applicable

Not applicable

2.2  Replacement Transformer

The technical specifications of the replacement transformers are given in the followindltablthat these
are the planning specificationsed to purchase the replacement transformerea™ t u anstalldiba s
specification®of the replacement transformenrl be reviewed before the equipment is put into service.

Technical Specifications &®eplacement Transformers
Allvalues asspecifikt I & G KS GAYS 2F 2NRSNW I O dzt
Secure Web for Operational Information.

Configuration Three phase
Transformation(kV) 215.5/28/28
Winding Configuration Wye/zZ/Z

75.0 MVA ONAN
Thermal Rating 100.0 MVA ONAF

125.0 MVAOFAF
Continuous Thermal Ratingummer 35°C) | 125.0 MVA
10-DAY Thermal Ratin@ggummer 35°C) 197 MVA
15-MIN Thermal Ratingsummer 35°C) 250MVA
Positive Sequence Impedance 11.5%

37.5 MVA base
Impedance to Ground M®Pp K 0% GAYRA
Under-load tap-changer + 40 kV, 32 steps
Off-load tap-changer Not applicable
In service offload tap position Not applicable
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Replacement of 19 Transformers (125 MVA) 2009-EX460

3.0 REQUIREMENTS

Hydro One must notify the IESO as soon as it becomes aware of any changes to the assumptions made in the
connectiorassessment. The IESO will determine whether these changes reqeaigsasement.

Hydro One is required to meet the requirements with respect to protection systemsdplattement
transformers and coordination with the existing protection systerositlased 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 ontline monitored quantities as specified in Appendix 4.16. For this proposed project, the IESO wi
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 mgterirt. This power factor range translates

into a load angle randeetween 0.45and + 0.45adians. All points above 0.45 radians indicate a lagging
power factor below 0.9All points below-0.45 radians indicate a leading power factor below\dttch is

not a concern to the IESO

Provided that the TSC requirements are satisfied, the IESO does not have additional requirements.
40  ASSESSMENT & CONCLUSDNS

The information provided by Hydro One Networks Inc. shows that the technical characteristes of th
replacement transformers aqualto or better thahose of the existing ones.

Thespecifiedl0-DAY and 15MIN LTRs are higher thathose ofthe existing transformers.
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Replacement of 19 Transformers (125 MVA) 2009-EX460

4.1  Assessment dramaleaT2 Replacement

4.1.1 10-DAY Summer Capability

The table beloveompareshe existing and futurd0-DAY summer capabilities foBramalea T1 and T2.
Please note that tH&®-DAY summel TR after the installatioof the replacement transfornmmay be
slightly differentthan specifiedlue to limiting factos at eaclstation

10-DAYSummerRatings for Transformers T1 & T@ Bramalea TS

10-DAY Thermal RatingMVA)

Transformer (summer 3°C)
Existing T2 Replacementr2
T1 OIS (205.7) O/S (205.7)
T2 144.0 197.0(specified
10-DAYSummerCapability
(with highest rated transformer out of service) 144.0 197.0

Table 17 BramaleaT1 & 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 TSThe peak load of 141.2 MVA occurred on June 23, 2009 at 13:00. Higtevs the
loading at the LV side of T1 and T2.

160 Bramalea T1 & T2 Historic Load

Marchl, 2009 through March 31, 2010
(between 7a.m.and 11 p.m.)

140

120

100

80 4,

20

Figure 17 T1 & T2 Load at BramaleaTS
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Replacement of 19 Transformers (125 MVA) 2009-EX460

The loadon Bramaleal'l & T2 is projected to increase by 1% annually as showhédrable below.

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

Year Projected Peak.oad 10-DAY summer capability
2009 141.2 MVA4ctual)

2010 142.6 MVA 144.0 MVA

2011 144.0 MVA (before replacement)
2012 145.4 MVA

2013 146.9 MVA 197.0 MVA

2014 148.4 MVA (after replacement)

2025 | 165.5 MVA

Table 27 BramaleaT1 & T2 Projected Load Growth

With the current DAY summelL TR capabilities, there is a spare capacity 4f/MVA when compared to
the 201Qprojectedpeak loadsGiventhe increase in the IDAY summer capability and thgrojected loads
as showrin Table2, Bramaleal' Sis not expected to exceed its-d@ysummer_TRs in the near future.

4.1.3 Load Angle

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaloats dingle
on T1 & T2 at Bramalea TS. Figu2dllustrates theload angleon the LV side of T1 and T2 during the daily
onpeak hours, which are defined as 7 a.m. until 11 p.m.

Bramaleal'l & T2 DESNis equipped with low voltage shunt capacitors, SC1 and SC2, providing reactive
compensation totaling0.4MX at 28.8kV. Also installed aBramalea T&reSC3 and SC4 on the JQ bus
and SC5 and SC6 on the ZE lmrsviding additional reactive compensation

0.60 Bramalea T1 & T2 Load Angle
Marchl, 2009 through March 31, 2010
[between 7 a.m. and 11 p.m.)

0.45

0.30

0.15

0.00

-0.15

-0.30

-0.45

-0.60

Figure 27 Load Angle atBramaleaT1 & T2
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2008ndMarch 31, 2010the highest load angle of 0.488 radianBramaleal' 1 & T2
DESNoccurred orAugust20, 2009 a2:30. All six capacitors were serviceat that timeproviding
reactive compensation.

Thelowestobservedower factor on the low voltage side and the egpondingpower factoras calculated
on the high voltage sidaeshown in the table below.

Date Time P Total Q Total LV Power Factor | HV Power Factor
(MW) (MX) (observed) (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 metamnpoint,
additionall3 MX of reactive compensation is requiredBaiamalear S.

The IESO requires that Hydro One implensardrrection measures as soon as praktather in
cooperation with the loads, or by installing power factor correction deviceis atétion
4.1.4 Line Taps

TheV41H and V42Hine taps haveninimumsummer continuous ratie@f 1750A (349MVA) for V41H
and 1740A (347MVA) 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 occuBeamalearl S.
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Replacement of 19 Transformers (125 MVA) 2009-EX460

4.2  Assessment ddrantford T3 & T4 Replacements

4.2.1 10-DAY Summer Capability

The table below compares the existing and futur®DAY summer capabilities faBrantford T3 & T4
Please note that the-IMAY summer TR after the installationf the replacement transformearay be
slightly different than specified due to limiting factaat eaclstation

10-DAYSummerRatings for Transformers3I& T4 @ Brantford TS

10-DAY Thermal RatingMVA)

Transformer (summer 35°C)
Existing B & T4 Replacementl3 & T4
T3 OIS (144) O/S (197 .0specified
T4 144.0 197.0 épecified
10-DAYSummerCapability
(with highest rated transformer out of service) 144.0 1970

Table 37 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 0£30.4MVA on T3 and T at BrantfordTS occurred omMarch 1Q
2009 at D:00. Figure3 shows the loading at the LV side a3 and .

140 Brantford T3 & T4 Historic Load
Marchl, 2009 through March 31, 2010
i (between 7 a.m. and 11 p.m.)

120

100 4

20

Figure 37 T3& T4 Load at Brantford TS
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Replacement of 19 Transformers (125 MVA) 2009-EX460

The load aBrantfordTS is projected to increase by 1% annually as shinwime table below

Brantford T3 and ¥ Projected Peak Load Growth

(assuming a 1% annual load growth)

Year Projected Peak Load | 10-DAY summer capability
2009 130.4 MVA#ctual)

2010 131.7 MVA 144.0 MVA

2011 133.0 MVA (before replacements)
2012 134.4 MVA

2013 135.7 MVA 197.0 MVA

2014 137.1MVA (after replacements)
2025 | 152.9 MVA

Table 47 Brantford T3 & T4 Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capaciti 2B8MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads as shown in Table BrantfordT3 & T4 is not expected to exceed its-d@ysummerLTRs in the near
future.

4.2.3 Load Angle

Revenue meter information from March 1, 2009 through Mar¢l2@10 was used to evaluate thad angle
on T3 & T4 at Brantford TS. Figurd illustrates thdoad angleon the LV side of T3 and T4 during the daily
on-peak hours, which are defined as 7 a.m. until 11 p.m.

BrantfordTSis equipped with low voltage shunt capacitors3a@d Sd@, providing reactive compensation
totaling43.2MX at 28.8kV.

0.60 Brantford T3 & T4 Load Angle

March1, 2009 through March 31, 2010
[between 7 a.m. and 11 p.m.)

)

; e i ’ e ‘ Vi 4 "I v

0.30

Figure 41 Load Angle atBrantford T3& T4
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2009 and March 31, 2010, the highestlogieé of 0.88 radians aBrantfordT3& T4
occurred on Jun@, 2009 at18:00. Neither SG nor SC4 were in service at that time and as a result were not
providing any reactive compensation.

Thelowestobserved power factor on the low voltage side andanesponding power factor as calculated
on the high voltage side are shown in the table below.

Date Time P Total Q Total LV Power Factor | HV Power Factor
(MW) (MX) (observed) (calculated)
June6, 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 met&r i
reactive compensatiomould berequired aBrantfordTS. Since SC3 and SC4 are capable of providing the
required reactive compensation, no additi@mant capacitors are required.

4.2.4 Line Taps

TheM32W andM33W line tapshave minimum summer continuous ratingd260A (251 MVA) for
M32W and1260A (251 MVA) for M33W at 115 kV (35°C, 4 km/h wind speed). These lines are adequate to
supply the near tertoad growth that would occur BrantfordTS.
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Replacement of 19 Transformers (125 MVA) 2009-EX460

4.3  Assessment dumberland T3 & T4Replacements

4.3.1 10-DAY Summer Capability

The table below compares the existing and futur®AY summer capabilities fotumberland T3 & T4
Please note that the-IMAY summer TR after the installationf the replacement transformearay be
slightly different than specified due to limiting factors at estettion

10-DAYSummerRatings for Transformers T3 & T4 @ Cumberland TS
10-DAY Thermal RatingMVA)
Transformer (summer35°C)
Existing T3 & T4 Replacement T3 & T4
T3 OIS (144) 0O/S(197.0specified
T4 144.0 197.0 épecified
10-DAYSummerCapability
(with highest rated transformer out of service) 144.0 197.0

Table 57 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 TSThe peak load 0153.0MVA on T3 and T4 at Cumberland TS occurredJome
24, 2009t 14:30. Figure5 shows the loading at the LV side of T3 and T4.

180 Cumberland T3 & T4 Historic Load

March 1, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.)

20

Figure 51 T3 & T4 Load at Cumberland TS
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Replacement of 19 Transformers (125 MVA)

The load at Cumberland TS is projected to increase by 1% annually asishtbenmable below

2009EX460

Cumberland B and T4 Projected Peak Load Growth

(assuming a 1% annual load growth)

Year Projected Peak Load | 10-DAY summer capability
2009 153.0 MVA4ctual)

2010 154.5 MVA 144.0 MVA

2011 156.1 MVA (before replacements)
2012 157.6 MVA

2013 159.2 MVA 197.0 MVA

2014 160.8 MVA (after replacements)
2025 | 179.4 MVA

Table 67 Cumberland T3 & T4 Projected Load Growth

With the current DAY summelL TR capabilities, there is H0.5MVA capacity deficitvhen compared to
the2010projected pealoads The increase in the IDAY summer capabilitafter the transformers are

replacedplanned for 2010 to 201®jill exceedthe projected loads shown in Talle Therefore

Cumberland TS is not expected to exceed itddysummelLTRs after the trangfrmers are replaced

4.3.3 Load Angle

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaloats dingle
on T3 & T4 at Cumberland TS. Figugillustrates thdoad angleon the LV side of B and ™ during the
daily onpeak lours, which are defined as 7 a.m. until 11 p.m.

There are no low voltage shunt capacitors at Cumberland TS.

0.60

0.45

0.30

0.15

0.00

-0.15

-0.30

-0.45

-0.60

Cumberland T3 & T4 Load Angle

March 1, 2009 through March 31, 2010
(between 7a.m. and 11 p.m.)

Figure 61 Load Angle at Cumberland T3& T4
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2009 and March 31, 2010 hilghest load anglef 0.509at Cumberland T3 & T4
occurred orSeptember 22009 at 2:00.

Thelowestobserved 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 Q Total LV Power Factor | HV Power Factor
(MW) (MX) (observed) (calculated)
Seplerber20 | 2300 | 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 metdiopaXnf
reactive compensation is requiredCatmberlandr'S.

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 andB41C line taps have summer continuous ratind420A (283MVA) for B40C and1420A

(283MVA) for B41Cat 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the near term
load growth that would occur @umberlandr's.
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Replacement of 19 Transformers (125 MVA) 2009-EX460

4.4  Assessment of Ellesmere T3 & Replacements

4.4.1 10-DAY Summer Capability

The table below compares the existing and futur®AY summer capabilities faEllesmere T3 & T4
Please note that the-IMAY summer TR after the installationf the replacement transformearay be
slightly different than specified due to limiting factors at estettion

10-DAYSummerRatings for Transformers T3 & T4 @ Ellesmere TS

10-DAY Thermal RatingMVA)
Transformer (summer 35°C)
Existing T3 & T4 Replacement T3 & T4
T3 OIS (144) O/S(197.0specified
T4 144.0 197.0 épecified
(with higioe-slié;:?dutr?arr?sef:)cr::gra (t)JLIJItItXf service) 144.0 197.0

Table 77 EllesmereT3 & 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 TSThe peak load af27.1MVA on T3 and T4 at Ellesmere TS occurredAumgust 17,
2009at1230Q Figure7 shows the loading at the LV side of T3 and T4.

140 Ellesmere T3 & T4 Historic Load

March1, 2009 through March 31, 2010
(between 7 a.m.and 11 p.m.)

20

Figure 71 T3 & T4 Load at Ellesmere TS
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Replacement of 19 Transformers (125 MVA) 2009-EX460

The load at Ellesmere TS is projected to increase by 1% annually asisitbernable below

Ellesmere T3 and T4 Projected Peak L&adwth

(assuming a 1% annual load growth)

Year Projected Peak Load | 10-DAY summer capability
2009 127.1 MVA4ctual)

2010 128.4 MVA 144.0 MVA

2011 129.7 MVA (before replacements)
2012 131.0 MVA

2013 132.3 MVA 197.0 MVA

2014 133.6 MVA (after replacements)
2025 | 149.0 MVA

Table 81 EllesmereT3 & T4 Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capaciti ®6MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads as shown in Tab& Ellesmere TS is not expected to exceed itddysummer.TRs 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. Figugdllustrates thdoad angleon the LV side of T3 and T4 during the daily
onpeak hours, which are defined as 7 aintil 11 p.m.

Ellesmerel Sis equipped with low voltage shunt capacitors, SC3 and SC4, providing reactive compensation
totaling46.8MX at 28.8kV.

0.60 EllesmereT3 & T4 Load Angle

March1, 2009 through March 31,2010
(between 7 a.m. and 11 p.m.)

Wy

0.45

0.30

-0.45

Figure 81 Load Angle at Ellesmere T3 & T4
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2009 and March 31, 2th@,load angle did not exceed 0.45 radians duhaglaily on
peak hours Although not a concern to the IES@etoad anglevaslower than-0.45 radians on occasion,
with a minimum of-0.482 radianson Junel3, 2009 at @00. Both SG3 and S@ were in service at that time
providing reactive compensation.

4.4.4 Line Taps
The C2L andC3L line tapshave minimum summer continuous ratingd ®20A (223MVA) for C2L and

1120A (223MVA) 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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Replacement of 19 Transformers (125 MVA) 2009-EX460

4.5 Assessment of FinchJ3& T4 Replacements

4.5.1 10-DAY Summer Capability

The table below compares the existing and futur®AY summer capabilities fdfinch T3 & T3 Please
note that the DAY summel TR after the installationf the replacement transformearay be slightly
different than specified due to limiting factors at estztion

10-DAYSummerRatings forTransformers T3 & T4 @ Finch TS

10-DAY Thermal RatingMVA)

Transformer (summer 35°C)
Existing T3 & T4 Replacement T3 & T4
T3 OIS (144) O/S(197.0specified
T4 144.0 197.0 épecified
10-DAYSummerCapability
(with highest rated transformer out okervice) 144.0 197.0

Table 971 Finch T3 & T4 10-DAY Summer Capability
45.2 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 TSThe peak load af23.1MVA on T3 and T4 aFinchTS occurred odanuary 6
2010at11:3Q Figure9 shows the loading at the LV side a3 and .

140 Finch T3 & T4 Historic Load
December 16, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.}
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Figure 97 T3 & T4 Load at Finch TS
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Replacement of 19 Transformers (125 MVA) 2009-EX460

The load aFinchTS is projected to increase by 1% annually as shinwime table below

FinchT3 and T4 Projected Peak Load Growth
(assuming a 1% annual load growth)
Year Projected Peak Load | 10-DAY summer capability
2010 123.1 MVA4ctual) 144.0 MVA
2011 124.3 MVA (beforereplacements)
2012 125.6 MVA
2013 126.8 MVA 197.0 MVA
(after replacements)

2025 | 142.9 MVA

Table 107 Finch T3 & T4 Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capacitg@®MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads as shown in Tabl®, FinchTS is not expected to exceed itsddysummerLTRs in the near future.

45.3 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. Figut@illustrates thdoad angleon the LV side of T3 and T4 during the
daily onpeak hours, which are defined as 7 a.m. until 11 p.m.

FinchT3 & T4 DESN is equipped with low voltage shunt capacitors &% S@&, providing reactive
compensation totaling6.8MX at 28.8kV.

0.60 FinchT3 & T4 Load Angle

December 16, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.)
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Figure 107 Load Angle atFinch T3& T4
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2009 and March 31, 2010, the load angiectT3 & T4 DESNwas within the IESO
required limits

4.5.4 Line Taps

TheC4RandP21Rline tapshave minimum summer continuous ratingd260A (251 MVA) for C4Rand
1260A (251 MVA) for P21Rat 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the
near term load growth that would occuiFatchTS.
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4.6 Assessment dbalt T7 & T8 Replacements

4.6.1 10-DAY Summer Capability

The table below compares the existing and futur®AY summer capabilities foGalt T7 & T8 Please
note that the DAY summelLTR after the installationf the replacement transformearay be slightly
different than specified due to limiting factorseachstation

10-DAYSummerRatings for Transformers T7 & T8 @ Galt TS

10-DAY Thermal RatingMVA)

Transformer (summer 35°C)
Existing T7 & T8 Replacement T7 & T8
T7 OIS (144) O/S (197.0specified
T8 144.0 197.0 épecified
10-DAYSummerCapability
(with highest rated transformer out of service) 144.0 197.0

Table 117 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 af19.8MVA on T7 and B atGalt TS occurred ougust 17 2009 at
13:3Q0 Figurellshows the loading at the LV sidéT7 and T8.

140 Galt T7 & T8 Historic Load

March 1, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.})
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Figure 117 T7& T8 Load at Galt TS
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Replacement of 19 Transformers (125 MVA) 2009-EX460

The load aGalt TS is projected to increase by 1% annually as shinowime table below

GaltT7 and B Projected Peak Load Growth

(assuming a 1% annual load growth)

Year Projected Peak Load | 10-DAY summer capability
2009 119.8 MVA4ctual) 144.0 MVA
2010 121.0 MVA (before replacements)
2011 122.2 MVA
2012 123.4 MVA 197.0 MVA

(after replacements)
2025 | 140.5 MVA

Table 127 Galt T7 & T8 Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capacitg®0MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads as shown in Tablg, Galt TS is not expected to exceed itsd&ysummerLTRs 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
onT7 & T8 at Galt TS. Figurg2illustrates thdoad angleon the LV side of T7 and T8 during the daily-on
peak hours, which are defined as 7 a.m. until 11 p.m.

GaltTSis equipped with low voltage shunt capacitors1@6d S@, providing reactive compensation
totaling43.2MX at 28.8kV.

0.60 Galt T7 & T8 Load Angle

March 1, 2008 through March 31, 2010
(between 7 a.m. and 11 p.m.)
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Figure 121 Load Angle atGalt T7& T8
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2009 and March 31, 2010, the load aidjleot exceed 0.45 radiadaring the daily on
peak hours.Although not a concern to the IESO, the load amgls lower thanr0.45 radians on occasion,
with a minimum of-0.616radians orbeptember 22009at 7:00. Both S and SQ@ were in service at that
time providing reactive compensation.

4.6.4 Line Taps

TheM20D andM21D line tapshave minimum summer continuous ratingd ®60A (231MVA) for M20D
and1160A (231MVA) 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 occuGatt TS.
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4.7  Assessment of Ingersoll TS5 & TBeplacements

4.7.1 10-DAY Summer Capability

The table below compares the existing and futur®DAY summer capabilities fdngersoll T5 & T6 Please
note that the DAY summelLTR after the installationf the replacement transformearay be slightly
different than specified due to limiting facsoat eaclstation

10-DAYSummerRatings for Transformers T5 & T6 @ Ingersoll TS

10-DAY Thermal RatingMVA)

Transformer (summer 35°C)
Existing T5 & T6 Replacement T5 & T6
T5 OIS (144) OIS (197.0specified
T6 144.0 197.0 épecified
10-DAYSummerCapability
(with highest rated transformer out of service) 144.0 197.0

Table 137 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 d81.5MVA on T5 and T6 at Ingersoll TS occurred December 16
2009 at1830. Figurel3shows the loading at thé/ side of T5 and T6.

90 Ingersoll T5 & T6 Historic Load
March 1, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.}
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Figure 137 T5 & T6 Load at Ingersoll TS
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2009EX460

The load at Ingersoll TS is projected to increase by 1% annually as ghtventable below

Ingersoll T5 and T6 Projected Peak Load Growth

(assuming a 1% annu#dad growth)

Year Projected Peak Load | 10-DAY summer capability
2009 81.5 MVA éctual) 144.0 MVA
2010 82.3 MVA (before replacements)
2011 83.1 MVA
2012 84.0 MVA 197.0 MVA

(after replacements)
2025 | 95.6 MVA

Table 147 Ingersoll T5 & T6 Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capacit$bff MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads ashown in Tablel4, Ingersoll TS is not expected to exceed itsla@summer.TRs in the near

future.

4.7.3 Load Angle

Revenue meter information from March 1, 2009 through March 31, 2010 was used to evaloats dingle

on T5 & T6 at Ingersoll TS. Figurktillustrates thdoad angleon the LV side of T5 and T6 during the daily

onpeak hours, which are defined as 7 a.m. until 11 p.m.
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IngersollT5 & T6 Load Angle
March 1, 2009 through March 31, 2010

(between 7 a.m. and 11 p.m.)
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Figure 147 Load Angle at Ingersoll T5 & T6
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Between March 1, 2009 and March 31, 2010 J¢ledangleat IngersollTS was within the IESO required
limits.

4.7.4 Line Taps

TheM32W andM33W line tapshave minimum summer continuous rating840A (167 MVA) for M32W
and1150A (229MVA) for M33W at115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply
the near term load growth that would occulnggersollTS.
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4.8 Assessment dieslieT3 Replacement

4.8.1 10-DAY Summer Capability

The table below compares the existing and futur®DAY summercapabilities folLeslie T3 & T4 Please
note that the DAY LTR after the installatiorf the replacement transformemay be slightly different
than specified due to limiting factors at eattion

10-DAYSummerRatings for Transformers T3 & T4 I@slie TS

10-DAY Thermal Ratin@VA)
Transformer (summer 35°C)
Existing T3 Replacement T3
T3 OIS (144) O/S (197.0specified
T4 144.0 197.0(specified
(with higlh(gz-g'?:a::esdu'[r:s\r:sefZ)cr:rf:tra);’jl c?lljltltgf service) 144.0 197.0

Table 157 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 0£29.2MVA on T3 and ™ atLeslieTS occurred oarch 2 2009 at
19:00 Figurel5shows the loading at the LV side d8 @and T4.

140 Leslie T3 & T4 Historic Load

March 1, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.}

20

Figure 157 T3& T4 Load at LeslieTS
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Replacement of 19 Transformers (125 MVA) 2009-EX460

The load ateslie TS is projected to increase by 1% annually as shioue table below

LeslieT3 and ™ Projected Peak Load Growth

(assuming a 1% annual load growth)

Year Projected Peak Load | 10-DAY summer capability
2009 129.2 MVA4ctual) 144.0 MVA
2010 130.5 MVA (before replacement)
2011 131.8 MVA
2012 133.1 MVA 197.0 MVA

(after replacement)
2025 | 151.5 MVA

Table 167 Leslie TS Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capacitf ®65MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads as shown in Tables, Leslie TS is not expected to exceed itsddy summerLTRs 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. FigurkGillustratesload angleon the LV side of T3 and T4 during the daily-on
peak hours, which are defined as 7 a.m. dditip.m.

LeslieT3 & T4 DESN is equipped with low voltage shunt capacitors3 & S@, providing reactive
compensation totaling6.8MX at 28.8kV.

0.60 Leslie T3 & T4 Load Angle
March 1, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.)

0.45

Figure 167 Load Angle atLeslieT3& T4
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Replacement of 19 Transformers (125 MVA) 2009-EX460

Between March 1, 2009 and March 31, 2ah@,load angle did not exceed 0.45 radians during the daily on
peak hours.Although not a concern to the IESO, the load amgls lower thanr0.45 radians on occasion,
with a minimum of-0.691radians ordanuary23, 2010at 0700. Both SC3 and SC4 were in service at that
time providing reactive compensation.

4.8.4 Line Taps
TheC5RandP21Rline tapshave minimum summer continuous ratingd ®10A (221 MVA) for C5Rand

1260A (251 MVA) for P21Rat 115 kV (35°C, 4 knfty wind speed). These lines are adequate to supply the
near term load growth that would occulLaslieTS.
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4.9 Assessment of Malden T1 & TReplacements

4.9.1 10-DAY Summer Capability
The table below compares the existing and futur®AY summer capabilities favalden T1 & T2 Please
note that the DAY summelLTR after the installationf the replacement transformearay be slightly

different than specified due to limiting factotseachstation

10-DAYSummerRatings for Transformers T1 & T2 @ Malden TS

10-DAY Thermal RatingMVA)
Transformer (summer 35°C)
Existing T1 & T2 Replacement T1 & T2
T1 OIS (144) O/S (197.0specified
T2 144.0 197.0 épecified
(with hig]Ewoe-gé;SdutTarr?sef:)cr::gra (t)JLIJItItXf service) 144.0 197.0

Table 177 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 TSThe peak load 0124.8MVA on T1 and T2 at Malden TS occurred &ume 252009

at140Q Figurel7 shows the loading at the LV side of T1 and T2.

140 Malden T1 & T2 Historic Load
March 1, 2009 through March 31, 2010
(between 7 a.m. and 11 p.m.)
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Figure 177 T1 and T2 Load at Malden TS
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The load aMaldenTS is projected to increase by 1% annually as shinwime 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 MVA4{ctual) 144.0 MVA
2010 126.0 MVA (before replacements)
2011 127.3 MVA
2012 128.6 MVA 197.0 MVA
(after replacements)
2025 | 146.3 MVA

Table 187 Malden T1 & T2 Projected Load Growth

With the current DAY summer. TR capabilities, there is a spare capaciti@&D MVA when compared
to the 2010 projected peak loa@ven the increase in the -IMAY summer capability and the projected
loads as shown in Table3, Malden TS is not expected to exceed itsla@summerLTRs in the near future.

4.9.3 Load Angle

Revenue meter information from March 1, 2009 through March 31, ®8%Qsed to evaluate the load angle
onTland T2 at Malden TS. Figut8illustrates thdoad angleon the LV side of T1 and T2 during the
daily onpeak hours, which are defined as 7 a.m. until 11 p.m.

MaldenTSis equipped with low voltage shunt cagacs, SC1 and SC2, providing reactive compensation
totaling46.8MX at 28.8kV.

0.45 Malden T1 & T2 Load Angle

March 1, 2009 through March 31, 2010
{between 7 a.m. and 11 p.m.)
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Figure 181 Load Angle at Malden T1 and T2
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Between March 1, 2009 and March 31, 2010, the load angle at ME®lsas within the IESO required
limits.

4.9.4 Line Taps

TheC21JandC22Jline tapshave minimum summer continuous ratingd050A (209MVA) for C21Jand
1050A (209MVA) for C22Jat 115 kV (35°C, 4 km/h wind speed). These lines are adequate to supply the
near term load growth that would occuMldenTS.
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4.10 Assessment of Modeland THReplacement

4.10.1 10-DAY Summer Capability

The table below compares the existing and futur®AY sumner capabilities foModelandT3 andT4.
Please note that the-IIAY summelL TR after the installationf the replacement transfornmmay be
slightly different than specified due to limiting factors at estettion

10-DAYSummerRatings for Transformer$3 & T4 @ Modeland TS

10-DAY Thermal RatingMVA)

Transformer (summer 35°C)
Existing T4 Replacementl4
T3 OIS (144) OIS (197.0specified
T4 144.0 197.0 épecified
10-DAYSummerCapability
(with highest rated transformer out of service) 144.0 197.0

Table 197 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 0f17.0MVA on T3 and T atModelandTS occurred oiugust 18
2009 at1630Q Figurel9shows the loading at the LV sideT8 and T4

Figure 197 T3 and T4 Load at Modeland TS
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