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Disclaimers

IMO

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

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

This report has not been prepared for any other purpose and should not be used or relied upon by any person for
another purpose.  This report has been prepared solely for use by the connection applicant  and the IMO in
accordance with Chapter 4, section 6 of the Market Rules.  The IMO assumes no responsibility to any third party for
any use, which it makes of this report.  Any liability which the IMO 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 IMO provides a draft
of this report to the connection applicant, you must be aware that the IMO may revise drafts of this report at any
time in its sole discretion without notice to you. Although the IMO 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.

Hydro One

Special Notes and Limitations of Study Results

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

The short circuit and thermal loading levels have been computed based on the information provided by the
connection proponent 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 connection on facilities owned
by other load and generation (including OPGI) customers.
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In this preliminary feasibility study, short circuit adequacy is assessed only for Hydro One breakers and the 115kV
cables and the skywires of the 115kV overhead lines in the Leaside sector.  It does not include other Hydro One
facilities; in particular the existing station buswork.  The short circuit results are only for the purpose of assessing
the capabilities of existing Hydro One breakers, cables and overhead line skywires, and identifying upgrades
required to incorporate the proposed connection.  These results should not be used in the design and engineering of
new facilities for the proposed connection.  The necessary data will be provided by Hydro One and discussed with
the connection proponent upon request.

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

The additional facilities or upgrades, which are required to incorporate the proposed connection, have been
identified to the extent permitted by a preliminary assessment under the current IMO 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 in the development of the project may identify additional
facilities that need to be provided or that require upgrading.
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ONTARIO POWER GENERATION Inc.:  PORTLANDS ENERGY CENTRE PROJECT

Addendum to the Preliminary Assessment Report for the Proposed 550MW Development at Hearn GS

1. Introduction

Ontario Power Generation Inc. is proposing to install a 550MW combined-cycle generating facility on the site of the
former Hearn Generating Station.  The facility is to comprise two identical combinations of a single 190MW gas-
turbine unit and a single 85MW steam-turbine unit.

The original Preliminary Assessment for this Project, which was issued on 26th June 2002, concluded that the
following requirements would have to be met to allow the new facility to connect to the IMO-controlled grid:
[Refer to Section 12 of the PA Report)

IMO Requirements for the Incorporation of 550MW of New Generation Capacity at Hearn SS

• Replace 26 -  115kV breakers at Leaside TS.
• Replace 6   -  115kV breakers at Hearn TGS

• Replace the 115kV cables and the skywires on the 115kV overhead lines whose short-circuit capabilities
have been identified as inadequate for the increased fault levels.

• Implement measures to reduce the fault level on the 13.8kV busbar at Gerrard TS to maintain it within the
500MVA limit adopted for these stations.

• Install a generation rejection/run-back scheme to reject different combinations of generating units in
response to both single- and double-circuit 115kV contingencies in the Leaside supply zone.

• With all of the new capacity at the Portlands Energy Centre Project in-service, operate with the 115kV
busbar at Hearn SS open at breaker positions 5A6 & 7P8; with the 115kV busbar at Leaside TS open; and
with the two 115kV busbars at Terauley TS open.

• Where data have had to be assumed, Ontario Power Generation Inc. will be responsible for ensuring that
the equipment that is eventually installed meets or exceeds these values (so as to result in a better
performance than that shown in the stability plots).

2. Proposed Measures for Reducing the Fault Levels

Preliminary work by Hydro One has indicated that, in addition to replacing the breakers that had been identified in
the PA Report, it will also be necessary to replace most of the existing 115kV buswork and associated facilities at
both Leaside TS and Hearn SS to meet the increased fault levels at those locations.  Not only is this expected to
increase the estimated cost but it is also expected to delay the scheduled in-service date for the new generating
facility. 

Diagram 1 shows the configuration of the existing transmission facilities between Cherrywood TS and Leaside TS
that was considered in the Preliminary Assessment.  (For clarity, all of the westward 230kV circuits to Richview TS
and the eastward 230kV circuits to Chats Falls GS/Hinchinbrooke TS, together with the 230kV-connected DESN
stations on the Cherrywood to Leaside corridor, have been omitted.)

Diagram 2 shows the corresponding configuration of the facilities in the Leaside sector between Leaside TS and
Hearn SS that was considered in the original Preliminary Assessment.
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For this particular configuration the pertinent points are as follows:

• With all generating units at Pickering ‘A’ & ‘B’ Generating Stations in-service, the 230kV busbars at
Cherrywood North TS and Cherrywood South TS are required to be operated open.

• Similarly, the 115kV busbar at Leaside TS also has to be operated open.

• To avoid overloading the sections of circuits C5E & C7E between Cecil TS & Terauley TS for a
contingency involving the companion circuit, Terauley TS also needs to be operated open.

• With Terauley TS operated open, a double-circuit contingency involving 115kV circuits H6LC & H8LC
would isolate the load at Esplanade TS together with the portion of the load at Terauley TS that would be
supplied from Hearn SS, via Esplanade TS.  Consequently, a vertical split of the Hearn 115kV busbar (at
breaker positions 6P7 & A1P8) was not pursued.

• A diagonal split of the Hearn 115kV busbar (at breaker positions 5A6 & 7P8, as shown in Diagram 2) was
therefore adopted as the preferred arrangement for incorporating the Portlands Energy Centre Project.

Examination of Diagrams 1 & 2 shows that, although a reasonable degree of separation between the two halves of
the system has been achieved, fault level contributions between the two halves can occur at the Leaside 230kV
busbars and also at Hearn SS with that 115kV busbar split diagonally.

To achieve total separation between the two halves of the Leaside sector (apart from the high impedance
connections via the LV busbars of all of the DESN stations) the three 230kV busbars at Leaside TS together with a
vertical split of the Hearn 115kV busbar would have to be implemented.

However, as mentioned earlier, since a vertical split of the Hearn 115kV busbar would leave Esplanade TS and a
portion of Terauley TS exposed to supply interruptions in the event of a double-circuit contingency, it would be
necessary to operate with the two busbars at Terauley TS closed.

Diagrams 3 & 4 show the normally-open points that would need to be introduced to achieve the maximum degree of
separation between the two halves of the Leaside sector.  

With this arrangement, with the two 115kV busbars at Terauley TS operated closed, the generation capacity at
Hearn GS would have the effect of backing-off the flows into Terauley TS from Cecil TS.  The reduction has been
shown sufficient, that for any contingency involving circuit C5E or C7E, the post-contingency flow on the
companion circuit would remain within its continuous rating.

However, during high load periods, should the Portlands Energy Centre Project be unavailable, then it would be
necessary to revert to operating with the two 115kV busbars at Terauley TS open.  Furthermore, with these two
busbars open, it would then be necessary to operate with the Hearn 115kV busbar closed to avoid possible supply
interruptions to Esplanade TS and Terauley TS due to double-circuit contingency.

To determine the effect of opening the three 230kV busbars at Leaside TS a series of fault level studies was
performed.

These studies also examined the effect of installing neutral reactors on the new step-up transformers at the Portlands
Energy Centre Project, and of opening the Leaside terminals of two of the 230kV circuits between Cherrywood TS
and Leaside TS.

The following facilities were included in the system model used for the fault level studies:

• All four generating units at Bruce ‘B’ together with units 3 & 4 at Bruce ‘A’ were assumed to be in-service.
• All four generating units at Pickering ‘A’ and at Pickering ‘B’ were assumed to be in-service.
• All four units at Lakeview GS were assumed to be in-service with the 230kV busbar split.
• The Sithe-Goreway and Sithe-Southdown Projects were assumed to be in-service.
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It should be noted that, in the absence of any definitive information on the future plans for the four generating units
at Lakeview GS following the cessation of coal-burning at that station in April-2005, it was decided to continue to
include the four units in the system model for the following reasons:

i. Lakeview GS is sufficiently remote electrically that it will have little impact on the fault levels in the
Leaside sector.

ii. When the units at Lakeview GS are out-of-service, the present practice is for the 230kV busbar at
Lakeview TS to be operated closed.  This has the effect of partially off-setting the reduction in fault levels
that occurs when the generating facilities are removed from service.

iii. Should the generating units at Lakeview GS be converted to synchronous condenser operation, then they
would continue to contribute to the fault levels.

3. Revised Data

It was originally OPG’s intention to use four of the existing step-up transformers at Hearn GS for their new
generating facility and, accordingly, the parameters for these transformers were used in the original fault level
analysis.

Since it is now planned to install the new generating units in a separate building on the Hearn site, remote from the
existing power house, OPG has decided to purchase new transformers and revised data for these units was provided
for the additional analysis.

In addition, OPG has notified the IMO of revised parameters for the generators that they are now proposing to
install.

The Table below summarises the principal data values that were used in the original fault level studies and those that
were used in the repeated studies:

Generator Data:
Rating Sub-transient Reactance

Gas-Turbine Generator 215MVA 19.0% on 215MVAbaseOriginal Data
Steam-turbine Generator 100MVA 13.8% on 100MVAbase

Gas-Turbine Generator 234MVA 16.6% on 234MVAbaseRevised Data
Steam-turbine Generator 115.6MVA 17.0% on 115.6MVAbase

Step-up Transformer Data:
Reactance

Rating
Positive Seq. Zero Seq.

For Gas-turbine Unit 220MVA 12.8% on 220MVAbaseOriginal Data
For Steam-turbine Unit 100MVA 10.3% on 100MVAbase

For Gas-turbine Unit 235MVA 13.0% on 235MVAbaseRevised Data
For Steam-turbine Unit 115MVA 13.0% on 115MVAbase

90% of
positive
sequence
impedance

The revised values show a net decrease in the combined impedance for the generator & transformer for the gas-
turbine units and a net increase for the steam-turbine units.
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4. Fault Level Results

The results from the studies have been summarised in Tables 1 & 2, respectively, for the fault levels on the 115kV
busbars at Leaside TS and Hearn SS.

The results for the following system conditions have also been presented on separate Diagrams as indicated below:

Fault Level ResultsStatus of the Generation
Capacity at Hearn GS Location Fault Condition

Diagram

3-Phase Fault Diagram 5
Leaside TS

Single Line-to-Ground Fault Diagram 6
3-Phase Fault Diagram 7

With No New Generation
Capacity In-service

Hearn SS
Single Line-to-Ground Fault Diagram 8

3-Phase Fault Diagram 9
Leaside TS

Single Line-to-Ground Fault Diagram 10
3-Phase Fault Diagram 11

With the Portlands Energy
Centre Project In-service

Hearn SS
Single Line-to-Ground Fault Diagram 12

Discussion of the Fault Level Results

The upper portions of Tables 1 & 2 show the corresponding fault level results that had been reported in the
Preliminary Assessment Report for a vertical split of the Hearn 115kV busbar but with the three 230kV busbars at
Leaside closed.

Comparing the upper and lower portions of Table 1 shows that the fault levels on the 115kV busbars at Leaside TS
would show the following reductions as a result of opening the three 230kV bus-tie breakers at Leaside TS, with and
without the proposed 550MW Portlands Energy Centre Project in-service at Hearn GS:

Reductions in the Fault Levels at Leaside TS with the 230kV Bus-tie Breakers Open

1.    With No New Generation Capacity In-service

Symmetrical Asymmetrical
Leaside 115kV Busbars

3-Phase L-G 3-Phase L-G
West - 3.11kA - 4.48kA - 4.57kA - 6.49kA
East - 3.05kA - 3.74kA - 4.46kA - 5.59kA

2.    With the Portlands Energy Centre Project In-service

Symmetrical Asymmetrical
Leaside 115kV Busbars

3-Phase L-G 3-Phase L-G
West - 3.20kA - 4.76kA - 4.60kA - 6.52kA
East - 3.12kA - 4.05kA - 3.36kA - 5.63kA

These reductions would be sufficient to maintain the fault levels on the 115kV busbars at Leaside TS within the fault
interrupting capability of the existing breakers.
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Similarly, a comparison of the upper and lower portions of Table 2 shows that the opening of the three 230kV bus-
tie breakers at Leaside TS would result in the following reductions in the fault levels at Hearn SS:

Reductions in the Fault Levels at Hearn SS with the 230kV bus-tie breakers at Leaside TS open

1.    With No New Generation In-service

Symmetrical Asymmetrical
Hearn 115kV Busbars

3-Phase L-G 3-Phase L-G
West - 1.80kA - 1.89kA - 2.17kA - 1.36kA
East - 1.98kA - 1.51kA - 2.26kA - 0.99kA

2.   With the Portlands Energy Centre Project In-service

Symmetrical Asymmetrical
Hearn 115kV Busbars

3-Phase L-G 3-Phase L-G
West - 1.56kA - 2.10kA - 1.74kA - 2.17kA
East - 1.78kA - 1.93kA - 1.89kA - 1.68kA

The two preceding Tables show that the reductions in the fault levels at Hearn TS would be approximately half those
that would occur at Leaside TS.  Furthermore, the reduction in the full asymmetrical fault levels on both the western
and eastern halves of the Hearn busbar would not be sufficient to maintain the fault levels within the ratings of the
existing breakers.

However, reference to Diagram 12 shows that the actual fault interrupting duties, with the exception of that on
breaker H2JK, would remain within the ratings of the existing breakers after the individual fault contributions have
been taken into account.  For breaker H2JK, the fault interrupting duty would be just marginally in excess of the
breaker rating (by just 0.01kA).

Since the amount by which the breaker rating is exceeded is so small, the breaker’s rating could be respected by
ensuring that the maximum voltage at which the Hearn 115kV busbar is operated during peak load conditions (when
all available generating facilities would be expected to be in-service) is just below 127kV. 

Effect of Operating with Only Half the Portlands Energy Centre Project In-service

Since the Portlands Energy Centre Project consists of two identical combinations of a gas-turbine and steam-turbine
generating unit which each require the steam-turbine and the gas-turbine unit to be operating, there are expected to
be periods when only one of the gas-turbine/steam-turbine combinations will be in-service.  Furthermore, in order to
provide similar levels of support while also attempting to limit the effect on fault levels, the Portlands Project is
required to be distributed between the two halves of the split busbar at Hearn SS.

With the Hearn 115kV busbar split vertically, there will be a higher loading on the western portion of the 115kV
part of the Leaside sector than on the eastern portion.  The Table below shows the approximate load distribution:

Approximate Load Distribution on the 115kV System with a Vertical Split of the Leaside Sector 

Loads for summer-2006 Western Portion Eastern Portion

With no new generation capacity in-service: ~ 850MVA ~ 650MVA

Loading on each 250MVA Leaside Auto-transformer ~ 285MVA ~ 220MVA

With the Portlands Energy Centre Project In-service ~ 560MVA ~ 370MVA

Loading on each 250MVA Leaside Auto-transformer ~ 190MVA ~ 125MVA
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The figures in this Table show that with no generation capacity connected to the western half of the Hearn 115kV
busbar, the loading on each of the Leaside auto-transformers associated with that half of the Leaside sector would
exceed their continuous rating.  In addition, should a contingency involving one of these three auto-transformers
occur, the post-contingency loading on each of the two remaining auto-transformers would exceed their 10-day
rating.

Furthermore, with no generation capacity connected to the western half of the Hearn busbar, the combined flows on
circuits C5E & C7E from Cecil TS to Terauley TS would exceed the rating of one of the cabled circuits.
Consequently, in order to ensure that a contingency involving one of these circuits would not result in overloading
of the companion circuit, Terauley TS would need to be operated split.  However, this would then expose part of the
load at Terauley TS and the entire load at Esplanade TS to a supply interruption in the event of a double-circuit
contingency involving circuits H6LC & H8LC.

For all of the preceding reasons it would therefore be necessary to close-up the 115kV busbar at Hearn SS should
only half the Portlands Energy Project be in-service.

4.1 Fault Level Results with Only Half the Portlands Energy Project In-service

The Fault Level Studies were repeated with the 115kV busbar at Hearn SS closed and with only half the Portlands
Energy Centre Project In-service.

The results from the studies have been summarised in Tables 3 & 4, respectively, for the fault levels on the 115kV
busbars at Leaside TS and Hearn SS.

The results for selected conditions have also been presented in the following Diagrams:

• Diagram 13 For a 3-Phase Fault at Hearn SS
• Diagram 14 For a Single Line-to-Ground Fault at Hearn SS, and
• Diagram 15 For a Single Line-to-Ground Fault at Leaside TS

Discussion of the Results

The upper portions of Tables 3 & 4 show the corresponding fault level results that were reported in the Preliminary
Assessment Report for the Terauley Project for the condition with the 115kV busbar at Hearn SS Closed; with the
115kV busbars at Terauley TS Open; and with no new generation capacity in-service.

These results show that with all four units at Pickering ‘A’ in-service (and with no new generation facilities at Hearn
SS), the fault levels at Leaside TS and Hearn SS would be expected to exceed the rating of the existing circuit
breakers.

The situation was recognised in the Preliminary Assessment Report for the Terauley Project and it was proposed that
the during the period following the return to service of the four generating units at Pickering ‘A’ NGS and the
implementation of a permanent solution for the supply issue to Downtown Toronto that the IMO would implement
interim measures to manage the high fault levels.

These measures could possibly involve imposing maximum operating voltages on the 115kV busbars at both Leaside
TS and Hearn SS and/or opening one terminal of the circuit-pairs H1L/H3L and H7L/H11L at Hearn SS.

Since the fault levels have been determined for a voltage of 127kV, imposing a maximum voltage of 125kV at
Hearn SS and 123kV at Leaside TS would ensure that the fault levels would remain within the ratings of the existing
breakers.

The lower portion of Table 3 shows that incorporating half the Portlands Energy Centre Project into a closed 115kV
busbar at Hearn SS would result in fault levels on the eastern half of the 115kV busbar at Leaside TS that would
exceed the rating of the existing breakers.  Reference to Diagram 15 shows that the maximum fault interrupting duty
for a total of six of the existing 115kV breakers could exceed their ratings.
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This portion of the Table also shows that opening two of the 230kV circuits between Cherrywood TS and Leaside
TS at their Leaside terminals would reduce the fault levels so that they would be within the rating of the existing
equipment.

Alternatively, opening just one of the 230kV circuits (possibly C3L since it is connected to the section of the
Leaside busbar with the lesser amount of load) together with installing 5Ω neutral reactors on each of the generator
step-up transformers would be expected to reduce the fault levels sufficiently that it would be possible to respect the
rating of the existing breakers.

The lower portion of Table 4 shows that incorporating half the Portlands Energy Centre Project on to a closed
115kV busbar at Hearn SS would result in fault levels that would be well in excess of the rating of the existing
breakers [+ 6.80kA symmetrical & + 11.17kA asymmetrical].

Furthermore, installing neutral reactors and/or opening the Leaside terminal of two of the 230kV circuits between
Cherrywood TS and Leaside TS would not be sufficient to reduce the fault levels to a value at which they could be
managed by implementing voltage limits on the 115kV busbar at Hearn SS.

4.2.  Fault Levels with the New Generating Capacity Distributed Asymmetrically Across the Hearn 115kV Busbar

The above results show that if it is necessary to close the 115kV busbar at Hearn whenever only half the Portlands
Energy Centre Project is in-service, then it would result in fault levels on the Hearn busbar that would require either
most of the 115kV breakers and associated buswork to be replaced, or possibly the rebuilding of the entire station.
In addition, measures would need to be implemented to address the higher than acceptable fault levels at Leaside
TS.

Consideration was therefore given to other arrangements that would allow the 115kV busbar at Hearn SS to remain
open with only half the Portlands Energy Centre Project is in-service. 

If the two larger-rated gas-turbine units were to be connected to the western half of the Hearn 115kV busbar then
this would mean that whenever only half the Project is operating, 190MW would remain available on the heavier
loaded portion of the Leaside sector.

The Table below shows the respective loading on each transformer that would occur whenever only half the
Portlands Energy Centre Project is in-service and the generation is distributed asymmetrically between the two
halves of the split busbar:

Approximate Transformer Loadings With Only Half the Portlands Energy Centre Project In-service &
With a Vertical Split of the Leaside Sector 

Loads for summer-2006 Western Portion Eastern Portion

With no new generation capacity in-service: ~ 850MVA ~ 650MVA

Loading on each 250MVA Leaside Auto-transformer ~ 285MVA ~ 220MVA

With Half the Portlands Energy Centre Project In-service -

Generation Capacity In-service ~ 190MVA ~ 85MVA

Net Load on the Three Transformers Supplying to Two Portions ~ 660MVA ~ 565MVA

Loading on each 250MVA Leaside Auto-transformer ~ 220MVA ~ 188MVA
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The figures in this Table show that with the Portlands Energy Centre Project distributed asymmetrically across the
two halves of the Hearn 115kV busbar, and whenever only half the Project is in operation, the loading on each of the
Leaside auto-transformers would remain within their continuous ratings (~ 279MVA at 120kV).  In addition, in the
event of a contingency involving one of the three auto-transformers associated with the respective halves of the split
Leaside sector, the post-contingency loading on the remaining two auto-transformers would also be within their 10-
day rating (~ 346MVA at 120kV).

Tables 5 & 6 show the resulting fault levels at Leaside TS and Hearn SS, respectively, for the following system
condition:

• With the 230kV & 115kV busbars at Leaside TS Open
• With the 115kV busbar open vertically at breaker positions 6P7 & A1P8
• With two 190MW generating units connected to the western half of the Hearn 115kV busbar
• With two 85MW generating units connected to the eastern half of the Hearn 115kV busbar
• With the two 115kV busbars at Terauley TS operated Closed.

Table 5 shows that the fault levels at Leaside TS would remain within the ratings of the existing breakers.  However,
as shown in Table 6 the asymmetrical fault levels for both a 3-Phase fault and a Single Line-to-Ground fault on the
western half of the Hearn 115kV busbar would exceed the breaker ratings.

The results for a 3-Phase fault and a Single Line-to-Ground fault at Hearn SS have also been presented in Diagrams
16 & 17.

Diagram 16 shows that for 3-Phase faults the projected maximum fault interrupting duty would exceed the ratings of
two of the existing breakers on the eastern half of the Hearn busbar.  Diagram 17 shows that for Single Line-to-
Ground faults the maximum fault interrupting duty would exceed the existing ratings of a FURTHER three breakers
at Hearn SS.

Table 6 also shows that installing 5Ω neutral reactors on the generator step-up transformers would reduce the fault
levels for line-to-ground faults to values below the rating of the existing breakers.

4.3 Conclusions from the Fault Level Analysis

The fault level analysis considered the following incorporation arrangements and operating scenarios:

In all cases, the 230kV & 115kV busbars at Leaside TS were assumed to be open.

• With the new generation units distributed symmetrically across the two halves of the Hearn 115kV busbar with
a vertical split (with a gas-turbine/steam-turbine combination connected to each half). 

i. With all four units in-service and the Hearn busbar open - and the Terauley busbars closed

ii. With only a single gas-turbine/steam-turbine combination in-service and the Hearn busbar closed - and the
Terauley busbars open

• With the new generation units distributed asymmetrically across the two halves of the Hearn 115kV busbar with
a vertical split (with the two gas-turbine units connected to the western half and the two steam-turbine units
connected to the eastern half).

With all four units in-service and the Hearn busbar open - and the Terauley busbars closed

[The same busbar configuration would apply when only half the Portlands Energy Centre Project is in-service.]
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4.3.1 With the Generation Capacity Distributed Symmetrically Across the Two Halves of the Hearn 115kV
busbar

With all four units at the Portlands Energy Centre Project In-service

With the Leaside sector operated split at the following locations, the fault levels at Leaside TS could be maintained
within the rating of the existing breakers, while those at Hearn SS would be only marginally in excess of the rating
of a single 115kV breaker (H2JK):

• With the 230kV busbars at Cherrywood North & South TS Open
• With all of the 230kV & 115kV busbars at Leaside TS Open
• With the 115kV busbar at Hearn SS Open vertically at breaker positions 6P7 & A1P8, and
• With the two 115kV busbars at Terauley TS Closed

Since the amount by which the rating of breaker H2JK is exceeded is so small (0.01kA), this could be readily
addressed through a minor reduction in the maximum voltage (from 127kV) at which the Hearn 115kV is operated.

This arrangement is shown in Diagrams 3 & 4.

With only two units at the Portlands Energy Centre Project In-service

With only two units in-service at the Portlands Energy Centre Project, then in order to avoid overloading equipment,
it will be necessary to operate with the following configuration of the Leaside sector:

• With the 230kV busbars at Cherrywood North & South TS Open
• With all of the 230kV & 115kV busbars at Leaside TS Open
• With the 115kV busbar at Hearn SS Closed, and
• With the two 115kV busbars at Terauley TS Opened

With this arrangement, the fault levels at Leaside TS and at Hearn SS would exceed the rating of the existing circuit
breakers at those locations.

At Leaside TS, as a permanent solution, it would be necessary to replace the six breakers whose ratings are exceeded
with higher-rated units (together with any buswork that is inadequately rated).  Alternatively, since the fault levels
only exceed the rating of the existing equipment on the eastern half of the 115kV busbar, and since this situation
would only arise when just two of the four generating units at the Portlands Energy Centre Project are in-service, the
IMO considers that the situation could be managed during the period until the Third Supply to Downtown Toronto
can be completed through a combination of the following measures:

• Opening the Leaside terminal of one of the 230kV circuits between Cherrywood TS and Leaside TS, that
connect to the eastern half of the Leaside busbar (circuit C3L)

• Opening one terminal of the circuit-pairs H1L/H3L and H7L/H11L at Hearn SS, and/or

• Imposing limits on the voltage at which the 115kV busbar is operated.

It should be noted that with the Leaside 230kV and 115kV busbars operated open, the loading on the
transformers associated with the eastern half of the Leaside busbar would be less than that on the transformers
connected to the western half, even with the 115kV busbar at Hearn SS operated closed.

Consequently, with the Portlands Energy Centre Project providing an injection of 275MW into the Leaside
sector via the 115kV busbar at Hearn SS, opening the Leaside terminal of one of the Cherrywood TS to Leaside
TS circuits would not result in the transfers through the remaining two auto-transformers exceeding their
continuous ratings.
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At Hearn SS, since the margin by which the fault levels would exceed the rating of the existing circuit breakers
would be so great, and since none of the other measures that were considered would achieve the required reduction,
it would be necessary to either:

• Replace a total of thirteen of the existing 115kV circuit breakers at Hearn SS.

The specific breakers whose ratings would be exceeded are shown in Diagrams 13 & 14.

In addition, subject to a detailed design review of the existing buswork and associated equipment at Hearn,
it will be necessary to replace those portions whose ratings are determined to be inadequate for the
increased fault levels.

• Rebuild the 115kV switchyard at Hearn SS.

Should extensive amounts of the existing buswork need to be replaced, then this may be the most cost-
effective option particularly if special measures need to be implemented to accommodate the extensive
outages that will be required to replace the existing breakers and buswork.

If it should be decided to rebuild the existing switchyard at Hearn SS, then the IMO will require that a
breaker-and-a-third (or a breaker-and-a-half) design be used to improve the operational flexibility of the
station.

4.3.2 With the Generation Capacity Distributed Asymmetrically Across the Two Halves of the Hearn 115kV
busbar

This arrangement involves connecting the two 190MW gas-turbine units to the western half of the Hearn 115kV
busbar and the two 85MW steam-turbine units to the eastern half.

i. With all four units at the Portlands Energy Centre Project In-service

With all four units in-service and with the Hearn busbar open, the fault level at Leaside TS would remain within the
rating of the existing breakers.

However, the resulting increase in the fault levels at Hearn SS would require the following measures to be
implemented:

• replace breakers H2JK & 3A4 with higher-rated units (together with the replacement of any of the existing
buswork and associated facilities that are determined to be inadequately rated)

AND

EITHER:

• replace the three breakers H7E, H5E & H8LC with higher-rated units, together with the replacement
of any of the existing buswork and associated facilities that are determined to be inadequately rated.

OR
• install neutral reactors on the two generator step-up transformers associated with the gas-turbine

units connected to the western half of the Hearn 115kV busbar.

Neutral Reactors

The IMO does not normally advocate the use of neutral reactors because of concerns regarding the high temporary
over-voltages that can occur during line-to-ground faults on the system.
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However, in this particular instance it would appear to be an acceptable approach, for the following reasons:

• The installation of the reactors would only be on a temporary basis until the proposed 3rd Supply to
Downtown Toronto can be completed.  

Once the 3rd Supply to Downtown Toronto has been completed, the IMO would require any neutral
reactors that have been installed to be removed.

• Reference to Table 6 shows that 5Ω neutral reactors would reduce the critical asymmetrical current for a
Line-to-Ground fault from 38.4kA to 23.3kA.  Since it would only be necessary to reduce the fault current
to below 34kA, then lower impedance reactors should be adequate.  

Installing lower impedance reactors would also reduce any temporary over-voltages that occur under fault
conditions.

• All of the fault level analysis was performed with all four Pickering ‘A’ units assumed to be in-service.  If
further delays in the return of these units to service should occur, then the period over which the reactors
would be required would reduce accordingly.

• Should the dc Option be adopted for providing a 3rd Supply to Downtown Toronto then it is expected that
the 115kV switchyard at Hearn SS would need to be rebuilt as part of that development.  With higher rated
breakers and buswork installed at Hearn SS, the neutral reactors would not be necessary to restrict fault
levels.

If the 230kV ac Option were to be adopted, then the fault levels at Hearn SS are also expected to reduce
due to the associated reconfiguration of the 115kV system that would be undertaken.  Once this work is
completed, the neutral reactors would not be necessary.

It should also be noted that final approval for the installation of neutral reactors rests with the Transmitter,
as stated in Schedule G of Appendix 1 of the Transmission System Code

Clause 1.1.5 of Schedule G of Appendix 1 - Section 1.1: Supply Considerations, states -

The method of grounding the neutral of all power transformer primary windings shall require the
approval of the Transmitter.  The Transmitter shall give its approval if it is satisfied that the reliability
of its transmission system is not affected.

ii. With only half the Portlands Energy Centre Project In-service

For this arrangement, since 190MW of generation capacity would remain connected to the western half of the Hearn
115kV busbar, the resulting injection into the Hearn busbar would be sufficient to reduce the critical flows on
circuits C5E & C7E between Cecil TS and Terauley TS.  The 115kV busbars at Terauley would therefore be able to
operate closed, and this would then allow the 115kV busbar at Hearn to remain open.  Consequently, fault levels
would not be an issue. 

With none of the units at the Portlands Energy Centre Project in-service, and with no corresponding reduction in the
critical flows on circuits C5E & C7E between Cecil TS and Terauley TS, the 115kV busbars at Terauley TS would
need to be operated open.  This would then require the Hearn busbar to be operated closed, resulting in the system
configuration that is presently being employed, and for which measures have been identified to address any fault
level problems.

4.4 Rating of Neutral Reactors

The studies that had been performed with 5Ω (~ 13.3mH) neutral reactors had shown a reduction in the
asymmetrical fault levels on the western half of the Hearn busbar from 38.4kA to 31.2kA. 

Additional studies were performed to determine an appropriate rating for the neutral reactors, should approval for
their installation be forthcoming from Hydro One, to bring the fault levels to below 34.1kA: corresponding to the
rating of the existing breakers.
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While various ohmic values were used, only the results for the 2Ω neutral reactors have been recorded in Tables 7 &
8 since these provided a reduction in fault levels that was the closest to the value required in order to respect the
rating of the existing breakers. 

Table 8 shows that neutral reactors rated at 2Ω (~ 5.3mH) on the two generator step-up transformers of the gas-
turbine units would reduce the asymmetrical fault level on the western half of the Hearn busbar to 34.2kA.

In order to achieve the further reduction required to respect the ratings of the existing breakers at Hearn SS,
it is therefore recommended that, should neutral reactors be installed on both of the step-up transformers
associated with the gas-turbine units, that they be rated at 7.5mH (2.8Ω).

4.5 Ability of the Existing Cabled Circuits and Skywires to Withstand the Increased Fault Levels

The extent to which some of the underground cables and skywires will need to be replaced will depend on the final
incorporation arrangement that is adopted, since each arrangement results in different fault levels at Leaside TS and
Hearn SS.

‘Balanced’ (Symmetrical) Connection Arrangement

Should it be decided to adopt the symmetrical connection arrangement, then this would require the Hearn 115kV
switchyard to be rebuilt to allow the busbar to be operated closed when only half the Portlands Energy Centre
Project is in-service.

The resulting fault levels at Leaside TS & Hearn SS would require the following cables to be replaced with ones
having a higher fault rating:

Circuits Sections Approximate Length

115kV Underground Cables with an inadequate short-circuit capability
H1L
H3L

Mill Street Junction to Gerrard TS 1.37km

H7L
H11L

Leaside TS to Todmorden Junction 0.80km

 
In addition, the skywires on the following circuits will need to be uprated.  However, it is recommended that further
detailed analysis should be performed to determine the extent of the skywire replacement that will be required and
the appropriate size for the new skywires.

Circuits Sections Approximate Length

Skywires on 115kV circuits with an inadequate short-circuit capability
H6LC
H8LC

Bloor Junction to Don Fleet Junction 2.93km

H5E
H7E

Hearn SS to Esplanade TS 3.15km

H2JK Hearn SS to Don Fleet Junction 1.78km
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‘Unbalanced’ (Asymmetrical) Connection Arrangement

Should it be decided to adopt the ‘unbalanced’ connection arrangement with the two gas-turbine units and the two
steam-turbine units of the Portlands Energy Centre Project connected to the western and eastern halves of the Hearn
115kV busbar, respectively, then the projected fault currents would not exceed the rating of any of the existing
cables.  Consequently, none of the underground cables would need to be replaced.

The corresponding fault level results for the critical cable circuits are given in Table 9.  

However, it is also a requirement that further detailed analysis should be performed to determine the extent of any
skywire replacement that will be required with 7.5mH neutral reactors installed on each of the step-up transformers
of the gas-turbine units in order for the ‘unbalanced’ connection arrangement to be implemented.

5. Load Flow Analysis

From an examination of their records Hydro One has determined that the original purpose for installing the 230kV
bus-tie breakers at Leaside TS was to optimise the loading on the 230/115kV auto-transformers at Leaside for
different generation patterns.  At that time, the fault levels permitted the 115kV busbar at Leaside TS to be operated
closed.

With the subsequent requirement to operate with the 115kV busbar at Leaside TS open to respect the fault ratings of
the existing equipment, the benefits from operating with the 230kV bus-tie breakers at Leaside TS closed will
diminish.
 
Any benefits will effectively disappear with the requirement to operate with the Hearn 115kV busbar split vertically
in order to incorporate new generation capacity into the Hearn busbar, since the loadings on the two sets of three
auto-transformers at Leaside TS will then be determined by the respective loads in the two portions of the Leaside
sector.

Possible incorporation arrangements for the new Portlands Energy Centre Project

If the fault levels at Leaside TS are to be reduced to avoid having to replace any of the existing breakers at that
station then the new Portlands Energy Centre Project would have to be incorporated using one of the following
arrangements:

i. Symmetrical

With a single gas-turbine & a single steam-turbine generating unit connected to each half of the Hearn
115kV busbar -

This connection arrangement would require the Hearn 115kV busbar to be operated closed when only half
the generating capacity at Portlands Energy Centre Project is in-service.

For this arrangement a total of thirteen 115kV breakers would need to be replaced at Hearn SS.

ii. Asymmetrical

With the two gas-turbine units connected to the western half of the Hearn 115kV busbar and the two steam-
turbine units connected to the eastern half -

This connection arrangement would allow the Hearn 115kV busbar to remain open when only half the
generating capacity at Portlands Energy Centre Project is in-service.

For this arrangement, if neutral reactors are installed on the step-up transformers of the two gas-turbine
units, two 115kV breakers would need to be replaced at Hearn SS.  Otherwise five 115kV breakers would
need to be replaced.
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5.1 Loading on the 230/115kV Auto-transformers at Leaside TS
 
The following Table summarises the effect of the new generation capacity on the loading of the auto-transformers
for the different incorporation arrangements being considered.  Both the normal condition, with all elements in-
service, and the abnormal condition, following the loss of two 230/115kV auto-transformers in response to a 230kV
double-circuit line contingency, have been considered.

230/115kV Transformer Loadings at Leaside TS   -  for an assumed 115kV load of 1500MVA (summer-2006)

Loading on each 250MVA Auto-transformer
Ratings:        280/346/477MVA*

With no new generating capacity developed

With all six auto-transformers at Leaside TS in-service & with an
'ideal' distribution of load between the transformers 250MVA

With only four auto-transformers in-service at Leaside TS following
a 230kV double-circuit contingency & with 'ideal' load distribution. 375MVA

With the 550MW Portlands Energy Centre Project developed:            Hearn 115kV busbar open

Western Portion Eastern Portion

Approximate loading on the two Portions: ~ 850MVA ~ 650MVA
Approximate loading on each auto-transformer

i. With no generation in-service ~ 285MVA ~ 220MVA

Asymmetrical Connection Arrangement
With 380MW (2 x 190MW) connected to the western half
& 170MW (2 x 85MW) connected to the eastern half: ~ 160MVA ~ 160MVA

ii.
Following a 230kV double-circuit contingency: ~ 470MVA ~ 480MVA

With only 190MW connected to the western half &
85MW connected to the eastern half: (50% in-service) ~ 220MVA ~ 190MVA

iii.
Following a 230kV double-circuit contingency: ~660MVA ~ 565MVA

Symmetrical Connection Arrangement
With 275MW connected to each half of the Hearn 115kV
busbar: ~ 190MVA ~ 125MVAiv.     

Following a 230kV double-circuit contingency: ~ 575MVA ~ 375MVA

With only 275MW in-service and the Hearn 115kV busbar
CLOSED ~ 205MVA

v.
Following a 230kV double-circuit contingency: ~ 305MVA

Note: *  Transformer ratings are: continuous/10-day/2-hour

It should be noted that the effect on the eastern portion of the Leaside sector, of the associated load
transfer that would occur for a C2L & C3L double-circuit contingency, has been ignored in the above
Table.
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Existing system arrangement

This Table shows that, with no new generation capacity in-service; with the Hearn 115kV busbar operated closed;
and with each transformer loaded equally, the optimal loading on each auto-transformer would be 250MVA, which
would correspond with their nameplate ratings.

Following a 230kV double-circuit contingency, that would result in the simultaneous loss of two of the 230/115kV
auto-transformers at Leaside TS, the post-contingency transfers through the remaining auto-transformers under ideal
loading conditions would be approximately 375MVA.  This would exceed the 10-day rating of the transformers, but
would be within the 2-hour rating.  Consequently, at least one of the outaged transformers would need to be returned
to service within a maximum period of two hours.

With new Generation Capacity Incorporated

Incorporating new generating capacity, using either the symmetrical or the asymmetrical connection arrangement,
will require the 115kV busbar at Hearn SS to be operated open.  As shown in the Table above, a 230kV double-
circuit contingency would result in severe overloading of the remaining 230/115kV auto-transformer in that portion
of the Leaside sector subjected to the contingency.  Since the projected overloads would be well in excess of the 2-
hour rating, load would have to be shed.

The only condition for which overloads would not be expected to occur would be with only half the Portlands
Energy Centre Project in-service and the Hearn 115kV busbar closed.  However, this would require thirteen of the
existing breakers at Hearn SS to be replaced.

5.2 Measures to Address the Overloads

All of the severe overloads identified above occur as a result of losing two auto-transformers simultaneously when
the Hearn 115kV busbar is operated open.  Unless extensive breaker replacement work were to be undertaken at
both Leaside TS and Hearn SS to coincide with the incorporation of the new generation capacity, closing the Hearn
115kV busbar would not be an option.  Therefore, in order to avoid the severe overloads, measures would need to be
implemented that would prevent the actual simultaneous loss of two auto-transformers on either side of the Leaside
115kV busbar.

This problem was recognised in the Toronto Integrated Electrical Service (TIES) Study that was issued in February
1996, and the solution proposed involved interchanging the 230kV circuits C3L & C16L at Leaside TS as shown in
Diagram 18.

However, if this interchange were to be implemented, and conditions were to arise that would allow the bus-tie
breakers to be operated closed, then circuits C3L & C14L (connected to the Cherrywood North busbar) and circuits
C16L & C17L (connected to the Cherrywood South busbar) would end up being directly interconnected.  Since the
two bus-tie breakers associated with these four circuits would no longer provide direct connections between the two
busbars at Cherrywood TS, as originally intended, this would therefore mean that the benefits from operating with
the bus-tie breakers closed would be significantly reduced.

Further review has indicated that it would be preferable to interchange circuits C3L & C17L, since these two circuits
are presently interrelated via their bus-tie breaker L3L17.  In addition, Hydro One has recommended that the most
effective way to achieve this interchange would be by reterminating the two auto-transformers T12 & T17, as shown
in Diagram 19.  This approach would have the added benefit of not disrupting the connection of the step-down
transformer T20 at the Leaside DESN on to circuit C3L.

Studies were therefore performed to examine the effect of interchanging 230kV circuits C3L & C17L, with new
generation capacity incorporated into the Hearn 115kV busbar, on the post-contingency flows in the Leaside sector
in response to double-circuit contingencies.
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However, before discussing the results, reference should be made to Diagram 20, which shows the effect of double-
circuit contingencies involving 230kV circuits C16L & C17L (affecting the western half of the Leaside sector) and
circuits C2L & C3L (affecting the eastern half).  

For a contingency involving circuits C16L & C17L, all of the breakers that have been identified in the western half
of the Leaside sector would trip, resulting in the 115kV circuit L12C being isolated at Leaside TS.  However, the
isolation of this circuit would not result in any loss of load or any transfer of load to the other half of the Leaside
sector.

For a contingency involving circuits C2L & C3L, circuits L14W, L15W, L5D & L2Y would all be isolated when the
breakers that have been identified trip to clear the fault.  All of the load associated with these circuits would then be
transferred to the companion circuits that are terminated on the western half of the Leaside 115kV busbar.

In the analysis that was performed for the existing system configuration, the load transfer that would accompany a
C2L & C3L double-circuit contingency has been included.  For the revised system configuration, following the
interchange of circuits C3L & C17L, there would be no corresponding isolation of any 115kV circuits, and no load
transfer.  

Since the most severe overloads (as shown in the previous Table) would occur with only half the new generating
facility in-service and with it incorporated using the asymmetrical connection arrangement, the studies concentrated
on this scenario.

The results from the analysis are summarised in the following Tables.

LEASIDE SECTOR: 
With an Asymmetrical Distribution of the New Generating Capacity & With Only Half the Project In-service
Post-Contingency Flows on the 230kV Circuits & the 500/230kV and 230/115kV Auto-transformers

WITH THE EXISTING CONFIGURATION OF THE CHERRYWOOD TS TO LEASIDE TS CIRCUITS

Generation Scenarios
4 units at Pickering ‘B’ plus:Limiting

Element Summer Rating
Unit G1 at

Pickering ‘A’
Unit G4 at

Pickering ‘A’
Double-circuit contingencies on the Cherrywood TS to Leaside TS 230kV Circuits

C15L 1350A : 1790A : 2376A 1422A 1405A

C2L & C3L L13W (115kV) 1200A: - : -  (cable) 1540A 1540A
(With load transfer) Leaside T14 1342A : 1665A : 2390A 1862A 1666A

C17L 1350A : 1790A : 2376A 1477A 1522A
C14L & C15L 

Leaside T16 1342A : 1665A : 2390A 1730A 1801A

C15L 1350A : 1790A : 2376A 1848A 1943A
C16L & C17L

Leaside T15 1376A : 1670A : 2296A 2563A 2692A

Loss of two 500/230kV auto-transformers at Cherrywood TS

T14 830 : 1008 : 1100MVA 890MVA 746MVA
T16 & T17

T15 869 : 1050 : 1255MVA 736MVA 876MVA

T16 830 : 1008 : 1100MVA 715MVA 859MVA
T14 & T15

T17 869 : 1050 : 1244MVA 881MVA 737MVA
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Emergency or 10-day ratings exceeded:  15-min LTR  or 2-hour ratings respected

Bold-Italic 2-hour or LTR ratings exceeded

Note: Transformer ratings are: continuous/10-day/2-hour
Circuit ratings are: continuous/ emergency/ 15-minute limited-time-rating:

the continuous rating is based on 93oC at 30oC ambient and 0-4km/hr wind:
the emergency rating is based on 127oC at 30oC ambient and 0-4km/hr wind: & 

the 15-min LTR on a pre-load equal to the continuous rating.

Results for the Existing System Configuration

The results in the above Table for a C2L & C3L double-circuit contingency, show the effect of the load transfer
resulting from isolation of the 115kV circuits L14W & L15W.  With the post-contingency transfer of load from the
eastern half to the western half of the Leaside busbar, the loading on the remaining auto-transformer does not exceed
its 2-hour although it does exceed its 10-day rating.  This would allow limited time to restore at least one of the
outaged transformers before load would have to be shed.  However, since circuit L13W would be the only 115kV
circuit remaining to supply the load at Bridgman TS, this circuit would become very heavily overloaded and would
have to be removed from service.  The resulting load loss would be expected to exceed 150MW during peak load
periods.

For the corresponding C16L & C17L double-circuit contingency, for which there would be no associated post-
contingency load transfer, the remaining auto-transformer, T15, on the western half of the Leaside busbar would be
severely overloaded.  Since the post-contingency loading on the auto-transformer would exceed its 2-hour rating,
immediate load shedding would need to be initiated. 

WITH THE 230kV CIRCUITS C3L & C17L INTERCHANGED

Generation Scenarios

4 units at Pickering ‘B’ plus:Limiting
Element Summer Rating

Unit G1 at
Pickering ‘A’

Unit G4 at
Pickering ‘A’

Double-circuit contingencies on the Cherrywood TS to Leaside TS 230kV Circuits

C14L 1350A : 1790A : 2376A 1505A 1344A

C2L & C3L Leaside T14 1342A : 1665A : 2390A 1328A 1151A
With no load transfer Leaside T15 1376A : 1670A : 2296A 1589A 1645A

C17L 1350A : 1790A : 2376A 1462A 1540A
C14L & C15L 

Leaside T16 1342A : 1665A : 2390A 1849A 1712A

C15L 1350A : 1790A : 2376A 1436A 1560A
C16L & C17L

Leaside T15 1376A : 1670A : 2296A 1700A 1882A

Loss of two 500/230kV auto-transformers at Cherrywood TS

T14 830 : 1008 : 1100MVA 873MVA 743MVA
T16 & T17

T15 869 : 1050 : 1255MVA 751MVA 878MVA

T16 830 : 1008 : 1100MVA 736MVA 865MVA
T14 & T15

T17 869 : 1050 : 1244MVA 859MVA 730MVA

10-day ratings exceeded:  2-hour ratings respected
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Results for the Arrangement with Circuits C3L & C17L Interchanged

The results in the above Table show that interchanging the two 230kV circuits would result in significantly reduced
post-contingency loadings on the remaining auto-transformers.  Furthermore, for the forecast load of 1500MVA on
the 115kV system in the Leaside sector, the post-contingency loadings would not exceed the 2-hour ratings of the
auto-transformers.  This is assumed to be adequate to return at least one of the auto-transformers to service.

These results are significantly better than those recorded in the Preliminary Assessment Report for the Cecil TS
Project for the existing system, with the 115kV busbar at Hearn SS operated closed.

It should also be noted that with the entire Portlands Energy Centre Project in-service, the post-contingency flows
would be further reduced, so that they would all remain within the 10-day rating of the auto-transformers.

Cherrywood Auto-transformers 

The final results in both of the Tables above show the effect of the simultaneous loss of two of the ‘double-banked’
500/230kV auto-transformers at Cherrywood TS for different generation scenarios.

For each of the generation scenarios examined, the post-contingency flows through the two remaining auto-
transformers are shown to be within their 10-day ratings.  Furthermore, the proposed interchange of circuits C3L &
C17L is also shown to have very little impact on these flows.

Re-terminating the auto-transformers at Cherrywood TS, as proposed by Hydro One, so as to avoid the
simultaneous loss of two units, would further reduce the extent of any post-contingency overloading of the remaining
auto-transformers. 

5.3 Conclusions from the Load Flow Analysis

The analysis has shown that operating with the Hearn 115kV busbar open when only half the Portlands Energy
Centre Project is in-service, would lead to unacceptable overloads in the event of 230kV double-circuit
contingencies.

Most of these excessive overloads could be avoided by replacing a total of thirteen 115kV breakers at Hearn TS so
that the Hearn busbar could be operated closed, whenever only half the Portlands Energy Centre Project is in-
service.  However, this would not address the overloading of 115kV circuit L13W resulting from the isolation of
circuits L14W & L15W.

Alternatively, if the two 230kV circuits C3L & C17L were to be interchanged, the post-contingency overloads that
would occur in response to double-circuit contingencies, when only half the Portlands Energy Centre Project is in-
service, would be less than those experienced with the present system when operated with the Hearn 115kV busbar
closed.  Furthermore, the interchange of the two circuits would avoid the isolation of 115kV circuits that would
result in severe overloading of circuit L13W.

With all of the Portlands Energy Centre Project in-service and with the two 230kV circuits C3L & C17L
interchanged, the performance of the Leaside sector in response to 230kV double-circuit contingencies would be
significantly better than that experienced with the existing system arrangement, with the Hearn busbar operated
closed.

5.4 Breaker Failure Conditions With a Vertical Split of the Hearn 115kV Busbar

Reference to Diagram 16 shows that with the 115kV busbar at Hearn SS split vertically at breaker positions A1P8 &
6P7, a breaker-failure condition involving breaker H7E would result in breakers 2A3 and 4A5 being tripped.  This
would automatically isolate the radial circuit H2JK, and result in all of the load at Esplanade TS being supplied via
circuit H5E.
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While other breaker-failure conditions would result in the isolation of one or more circuits from the Hearn 115kV
busbar, the consequences would be less severe because these circuits would remain connected via their remote
terminals to the 115kV busbar at Leaside TS.

Moving the normally-open point from breaker A1P8 to breaker 2A3 would avoid the disconnection of circuit H2JK
in response to a breaker-failure condition involving breaker H7E.

5.5 Fault Level Analysis with Circuits C3L & C17L Interchanged and with Breaker 2A3 Normally-open

Fault level studies were repeated for the asymmetrical connection arrangement; with the 230kV circuits C3L &
C17L interchanged; and with breakers 2A3 & 6P7 at Hearn SS normally-open, to determine whether the resulting
'crossing' of the 230kV circuits on the Cherrywood TS to Leaside TS right-of-way would adversely increase fault
levels at Leaside TS or at Hearn TS.

In addition, studies were included with neutral reactors connected to the generator step-up transformers of the two
gas-turbine units, rated at 7.5mH (2.8 ohms), as recommended.

The results are recorded in the following Tables (the Tables for the corresponding results, without the interchange of
circuits C3L & C17L, are shown in brackets):

Table 10 Fault Levels at Leaside TS (Table 7)
Table 11 Fault Levels at Hearn TS, and (Table 8)
Table 12 Fault Levels at the terminals of the critical 115kV circuits. (Table 9)

The results have also been transposed on to the following Diagrams:

Diagram 21 3-Phase Fault at Hearn SS
Diagram 22 Single L-G Fault at Hearn SS
Diagram 23 Single L-G fault at Hearn SS with 2.8Ω neutral reactors

Comparison of the results, with and without the interchange of the 230kV circuits, shows that while the fault levels
would be increased, the increases would not be sufficient to require any of the breakers at Leaside TS to be replaced.

Similarly, the fault levels at Hearn SS also show an increase.  However, if Diagrams 16 & 21 are compared, the
relocation of the normally-open point to breaker position 2A3, and the related transfer of circuit H2JK to the eastern
half of the split busbar, would result in none of the breaker ratings at Hearn SS being exceeded for a three-phase
fault.  This occurs as a result of the substantially lower fault level on the eastern half of the split busbar than on the
western half, due to the lesser amount of generating capacity incorporated into the eastern half of the busbar at
Hearn SS.  

As shown in Diagram 22, the fault interrupting duty imposed on the following three breakers in response to a single
line-to-ground fault would exceed their rating.  These breakers are all associated with the western half of the split
busbar at Hearn SS on which the fault level would be higher:

H5E, H7E & H8LC

Diagram 23 shows the effect on the fault levels at Hearn SS of installing 2.8Ω neutral reactors on the generator step-
up transformers of the two gas-turbine units.  The resulting reduction of more than 5kA in the asymmetrical fault
level for the western half of the Hearn split busbar (from 38.60kA to 33.24kA) would therefore be sufficient to
maintain the fault interrupting duty on each of the existing breakers at Hearn SS within their rating.
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Consequently, as a result of the changes proposed, the requirements for incorporating the Portlands Energy Centre
Project would therefore be as follows:

• Install 7.5mH (2.8Ω) neutral reactors on the step-up transformers of the two gas-turbine generating units.

OR

• Replace the three 115kV breakers, H5E, H7E and H8LC at Hearn SS with 50kA rated units.

Furthermore, the results also show that the increased fault levels would not require any of the existing 115kV cables
to be replaced.

Since the interchange of the 230kV circuits, C3L & C17L, would address both the isolation of specific 115kV
circuits (and an accompanying transfer of load) as well as the simultaneous loss of two of the 230/115kV auto-
transformers connected to the respective halves of the Leaside 115kV busbar, the IMO therefore requires this
work to be undertaken as part of the connection work for the Portlands Energy Centre Project.

To incorporate the Portlands Energy Centre Project into the 115kV busbar at Hearn SS, the busbar is required
to be split vertically.  If the vertical split were to be achieved by operating with breakers A1P8 and 6P7
normally-open, a breaker-failure condition involving breaker H7E would result in the isolation of circuit
H2JK.  To avoid the isolation of this circuit, the IMO therefore requires that the normally-open point at breaker
A1P8 be relocated to breaker 2A3.

6. Transfer Capability from the Hearn 115kV busbar 

Diagram 24 has been reproduced from Diagram 6 from the original PA Report for this Project.

[It should, however, be noted that the 230kV bus-tie breakers at Leaside have been shown as normally-open to
correspond with the arrangement assessed in this Addendum.]

This Diagram shows that for the existing facilities with the 115kV busbar at Hearn split vertically (at breaker
positions 6P7 & A1P8) and with the two 115kV busbars at Terauley TS closed, the transfer limits from the two
halves of the Hearn 115kV busbar would be as follows:

• From the western half of the Hearn 115kV busbar 464MVA
• From the eastern half of the Hearn 115kV busbar 241MVA

As discussed in the earlier Report, for the ‘balanced’ incorporation arrangement with equal amounts of generation
capacity connected to the two halves of the Hearn busbar, the transfer capability from the western half of the Hearn
115kV busbar would be adequate while that from the eastern half would be inadequate.

However, if the ‘unbalanced’ incorporation arrangement were to be adopted, with 380MVA of generation capacity
connected to the western half and only 170MVA connected to the eastern half of the Hearn busbar, then the transfer
capabilities from the respective halves of the Hearn busbar would be adequate.

If the ‘balanced’ incorporation arrangement were to be adopted, then in order to incorporate the full 275MVA into
the eastern half of the Hearn busbar, the transfer limit would need to be increased.  Since the transfer capability of
241MVA from the eastern half of the Hearn 115kV busbar is limited by the section of circuits H1L & H3L between
Hearn SS and Basin Junction, this limit could be increased by reconductoring this section of these two circuits.
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Furthermore, since the flows on the critical section of circuits H1L & H3L are a function of the load being supplied
at Basin TS, then this section would need to be reconductored to provide a rating of at least 265MVA to ensure that
transfers on these particular circuits will only be limited by the thermal rating of the subsequent sections of these
circuits.

• Continuous thermal rating of the section of circuit H1L between Basin
Junction & Gerrard Junction 164MVA

• Forecast Peak Load at Basin TS 100MVA

• Required continuous thermal rating of the section of circuits H1L & H3L
between Hearn SS and Basin Junction 264MVA

The continuous thermal rating is to be based on a maximum conductor operating temperature of 93oC
for an ambient temperature of 30oC and a wind speed of 4km/hr

Since the subsequent sections of these circuits involve underground cables, there are no specific
requirements for the 15-minute limited-time-rating for these sections.

With the section of circuits H1L & H3L uprated to a continuous thermal rating of at least 265MVA, the transfer
capability from the eastern half of the Hearn 115kV busbar would be sufficient to accommodate the full output from
half the Portlands Energy Centre Project.

7. Incremental Voltage Changes

The original PA Report proposed that each gas-turbine/steam-turbine combination could be incorporated via a single
115kV breaker at Hearn SS.  This would mean that a single contingency could result in the simultaneous loss of
275MW of generating capacity.  

A study was performed to determine the voltage decline that could be expected with the proposed system
arrangement with the 230kV & 115kV busbars at Leaside TS, as well as the 115kV busbar at Hearn SS, open.  For
the ‘balanced’ incorporation arrangement, with the output from the gas-turbine/steam-turbine combination set at
275MW and 100MVAr, a voltage decline of 4.4% was recorded for a pre-contingency voltage of 122kV at Hearn
SS.  This would meet the IMO’s criterion of a maximum voltage decline of 5% for the loss of generation capacity.

With the ‘unbalanced’ incorporation arrangement a generator trip that results in the loss of one of the gas-
turbine/steam-turbine combinations would be less severe since only 190MW would be lost from the western half of
the Hearn busbar and 85MW from the eastern half.  While both sides of the Hearn busbar would experience a
voltage decline with the ‘unbalanced’ incorporation arrangement, the resulting declines would be correspondingly
smaller than the 4.4% recorded for this trip condition for the ‘balanced’ incorporation arrangement.

8. Coupled Offers

It should also be noted that the tools that the IMO presently has available for determining the dispatch of generation
facilities requires separate offers to be submitted for each injection point.

For the ‘balanced’ connection arrangement, since each gas-turbine/steam-turbine combination would be connected
to the Hearn 115kV busbar via a single breaker, only a single offer would be required for each gas-turbine/steam-
turbine combination.

However, for the ‘unbalanced’ connection arrangement, each gas-turbine/steam-turbine combination that makes up
this Project would use two distinct injection points; one on the western half of the Hearn busbar for the gas-turbine
unit and the other on the eastern half for the steam-turbine unit.  Consequently, separate offers would be required for
each gas-turbine and each steam-turbine unit. 
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It is recognised that for the ‘unbalanced’ connection arrangement, the offers for the gas-turbine unit and the steam-
turbine unit would need to be inter-dependent to fully exploit the inherent efficiencies of combined-cycle generating
facilities.  However, the existing IMO tools for dispatching generation capacity are presently unable to
accommodate such coupled offers.

9. Operability of the Proposed Connection Arrangements 

‘Balanced’ Connection Arrangement

The balanced connection arrangement requires sufficient breakers to be replaced at Hearn SS (or the rebuilding of
the entire 115kV switchyard) to allow the 115kV busbar to be operated closed when only half the Portlands Energy
Centre Project is in-service.  Consequently when the first gas-turbine/steam-turbine combination is being brought
into service, the 115kV busbar at Hearn SS could remain closed and the two 115kV busbars at Terauley TS could
remain open without violating any breaker ratings.

If the first gas-turbine/steam-turbine combination that is brought into service is associated with the western half of
the Hearn busbar then once the generating units are up to full output, the 115kV busbars at Terauley TS could then
be closed and the 115kV busbar at Hearn SS could be opened.  The second gas-turbine/steam-turbine combination
could then be brought into service.

However, if the first gas-turbine/steam-turbine combination is associated with the eastern half of the Hearn busbar
then once the generating units are up to full output, the 115kV busbar at Hearn SS would need to be opened before
the second gas-turbine/steam-turbine combination can be connected to the busbar.  This would be necessary to avoid
exceeding the rating of the breakers at Leaside TS (and possibly at Hearn SS if all of the existing breakers have not
been replaced).

With the Hearn 115kV busbar open, and no generation connected to the western half of the Hearn busbar, two
courses of action would be possible:

1. To continue to operate with the 115kV busbars at Terauley TS open and to accept the risk of a supply
interruption to the loads at Esplanade TS and at Terauley TS (only the southern connected portion) in the
event of a double-circuit contingency involving the 115kV circuits H6LC & H8LC.  This exposure would
continue until the output from the generating units has reached a level that would allow the 115kV busbars
at Terauley TS to be closed (typically one to two hours).

2. To close the two 115kV busbars at Terauley TS.  While this would avoid the loss of the loads at Terauley
TS and at Esplanade TS in the event of an H6LC & H8LC double-circuit contingency, it would expose the
sections of circuits C5E & C7E to possible overloading in the event of a contingency involving either of
these circuits.

This exposure would be limited to those peak load periods where the combined flow from Cecil TS on
circuits C5E & C7E would exceed the thermal rating of a single circuit (216MVA for circuit C5E &
222MVA for circuit C7E).

As the output from the generating facility connected to the western half of the Hearn busbar increases, the
flows from Cecil TS on circuits C5E & C7E would decline.  This would reduce the possibility of post-
contingency overloading of the companion circuit for any contingency involving either of these circuits.

While the risk of a contingency occurring during the period that generators are being loaded would be very
small, overloading of the companion cable could be avoided by installing a cross-tripping scheme.  This
scheme, when armed, would automatically trip the circuit-switcher in the companion circuit at Terauley TS,
for any contingency involving circuits C5E or C7E.  This would result in approximately half the load at
Terauley TS being transferred to Hearn SS, via Esplanade TS, and would thereby protect the section of the
remaining cable between Cecil TS and Terauley TS from possible overloading.

Diagram 25 shows the basic features of the cross-tripping scheme.
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‘Unbalanced’ Connection Arrangement

For the ‘unbalanced’ connection arrangement, the 115kV busbar at Hearn SS would need to be opened prior to the
units of the first gas-turbine/steam-turbine combination being brought into service in order to respect the fault
interrupting capability of the breakers at Hearn SS.

With the Hearn 115kV busbar open, the loads at Terauley TS and Esplanade TS would be exposed to supply
interruptions if the 115kV busbars at Terauley TS remain open during the period that the first gas-turbine is being
loaded.  Similarly, if the 115kV busbars at Terauley TS were closed, the companion cable would be exposed to
possible overloading if a contingency involving circuit C5E or C7E should occur during the period that the gas-
turbine unit is being loaded.

As before, for the ‘balanced’ connection arrangement, the same two courses of action would be available.

IMO Requirement

Although the risk of a double-circuit contingency occurring while the generating units are being loaded is very
small, the IMO considers that if measures are available that would minimise this risk, and particularly for instances
where there is the potential for a significant loss of load, then they should be adopted.

The IMO therefore requires that a Cross-tripping Scheme be installed that will initiate tripping of the 115kV
circuit-switcher in the companion circuit at Terauley TS for contingencies involving circuits C5E & C7E.

The Cross-tripping Scheme is to have the capability of being armed remotely.

A revised functional specification for the generation rejection and cross-tripping scheme is shown in Diagram 26.

10. Station Service Supply

Since the proposed development consists of two identical pairs of generating units, and since only one of the
unit-pairs could be in-service at any time, a separate station service supply will need to be available for each pair.

For the 'balanced' (symmetrical) connection arrangement, one of the station service supplies would need to be
provided from a step-down transformer associated with either the gas-turbine or the steam-turbine unit of one of the
unit-pairs.  The other station service supply would be provided via a similar arrangement connected to the other unit-
pair.

For the 'unbalanced' (asymmetrical) connection arrangement, one of the station service supplies would need to be
provided from a step-down transformer associated with one of the gas-turbine units, while the other station service
supply would be provided from a step-down transformer directly associated with the steam-turbine unit of the other
unit-pair.

Furthermore, to avoid 'bridging' the two halves of the Hearn 115kV busbar and thereby increasing the fault level, the
station service busbar will need to be operated normally-open.

The following two Diagrams show the proposed connection arrangements for the station service transformers, for
the symmetrical and asymmetrical incorporation of the generation facilities, respectively.
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11. Islanded Operation

It is not intended to operate the Portlands Energy Centre Project in an island without any other generating facilities.
However, it is possible that it could be required to operate along with other generating facilities should a more
extensive island be formed, and under these conditions, the governor response would need to be capable of ensuring
stable operation.

Conditions for Stable Operation

Minimum valve closing rate: 0.1 pu/sec
Minimum valve opening rate: 0.1 pu/sec

With the generator modelled as operating in isolation and under steady-state load demand, the speed/load-control
system should be capable of controlling the speed of the turbine at power outputs between zero and maximum such
that:

the magnitude of the sustained oscillation of the turbine speed produced by the speed/load-control system is not
to exceed 0.07% of the rated speed

12. IMO Requirements for the Incorporation of the 550MW Portlands Energy Centre Project

While the IMO’s requirements as detailed in the original PA Report for the Portlands Energy Centre Project remain
valid, the following revised requirements would also satisfy the IMO for the connection of the Project to the IMO-
controlled grid:
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12.1 For a ‘balanced’ (symmetrical) connection arrangement

With equal amounts of generation capacity connected to the two halves of the Hearn 115kV busbar

• Replace thirteen 115kV breakers at Hearn SS, together with any portions of the existing buswork and
associated equipment that is determine to have an inadequate fault rating,

OR

Rebuild Hearn SS to a breaker-and-a-third (or a breaker-and-a-half) design.

• Reconductor the section of circuits H1L & H3L between Hearn SS and Basin Junction to provide a
continuous summertime rating of at least 265MVA.

• Interchange the 230kV circuits C3L & C17L at their Leaside terminals.

• Replace the 115kV cables and the skywires on the 115kV overhead lines whose short-circuit capabilities
are inadequate.

• Implement measures to reduce the fault levels on the 13.8kV busbar at Gerrard TS to maintain it within
the 500MVA limit adopted for these stations.

• Install a generation rejection and cross-tripping scheme (see Diagram 26).

The above measures assume that with the Portlands Energy Centre Project in-service, the 230kV and the
115kV busbars at Leaside TS will be operated open, and -

• With all of the Portlands Energy Centre Project in-service -
• the 115kV busbar at Hearn SS will be operated open at breaker positions 6P7 & 2A3, and
• the 115kV busbars at Terauley TS will be operated closed.

• With only half the Portlands Energy Centre Project in-service -
• the 115kV busbar at Hearn SS will be operated closed, and
• the 115kV busbars at Terauley TS will be operated open.

• Connect a station service transformer to one unit of each pair of generating units and operate with the
station service busbar normally-open.

For this arrangement, each gas-turbine/steam-turbine combination can be incorporated on to the Hearn 115kV
busbar via a single busbar position.

AND

Where data have had to be assumed, Ontario Power Generation Inc. will be responsible for ensuring that the
equipment that is eventually installed meets or exceeds the values that were used (so as to result in a better
performance than that shown in the stability plots).  In addition, OPG Inc. will need to ensure that the input to
the power system stabiliser produces a unit damping torque that is in-phase with any changes in the speed of
the generator. 

It is also strongly recommended that as data become available (and in advance of formal submission to
Facilities Registration) they be submitted to the IMO for review to ensure that the values comply with the
data and any assumptions that were used in this assessment.
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12.2 For a ‘unbalanced’ (asymmetrical) connection arrangement

With the two gas-turbine units connected to the western half of the Hearn busbar and the two steam-turbine
units to the eastern half.

• EITHER:

• Replace the three breakers H7E, H5E & H8LC with higher-rated units, together with the
replacement of any of the existing buswork and associated facilities that are determined to be
inadequately rated.

OR (subject to approval from Hydro One - the Transmitter)

• Include provisions for the installation of a 7.5mH neutral reactor on each of the generator step-up
transformers for the two gas-turbine units and, when informed by the IMO of a requirement for the
reactors to be installed, undertake the necessary work.

Furthermore, when instructed by IMO, undertake the removal (isolation) of the neutral reactors to
coincide with any subsequent system changes that would make them redundant. 

• Interchange the 230kV circuits C3L & C17L at their Leaside terminals.

• Replace any skywires on the 115kV overhead lines whose short-circuit capabilities are determined to be
inadequate.

• Install a generation rejection and cross-tripping scheme (see Diagram 26).

The above measures assume that with all, or half of the Portlands Energy Centre Project in-service, the
230kV and the 115kV busbars at Leaside TS will be operated open, and -
• the 115kV busbar at Hearn SS will be operated open at breaker positions 6P7 & 2A3, and
• the 115kV busbars at Terauley TS will be operated closed.

• Connect a station service transformer to one of the gas-turbine units and connect a second station service
transformer to the steam-turbine unit of the other pair of units.  Operate with the station service busbar
normally-open.

For this arrangement each generating unit will need to be incorporated independently on to the Hearn 115kV
busbar via a single busbar position to avoid the simultaneous loss of generating units from each of the two gas-
turbine/steam-turbine combinations.  Diagram 27 shows the proposed arrangement.

AND

Where data have had to be assumed, Ontario Power Generation Inc. will be responsible for ensuring that the
equipment that is eventually installed meets or exceeds the values that were used (so as to result in a better
performance than that shown in the stability plots).  In addition, OPG Inc. will need to ensure that the input to
the power system stabiliser produces a unit damping torque that is in-phase with any changes in the speed of
the generator. 

It is also strongly recommended that as data become available (and in advance of formal submission to
Facilities Registration) they be submitted to the IMO for review to ensure that the values comply with the
data and any assumptions that were used in this assessment.
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13. Approximate Cost Estimates

An attempt has been made to provide approximate cost estimates for the work that would need to be done to
incorporate the Portlands Energy Centre Project into the IMO-controlled grid.

These costs are based on available unit costs and do not make any allowance for site conditions.  Neither do they
take account of outage or construction constraints; associated work that may be triggered by the work identified; or
other unforeseen difficulties.

It should also be noted that, for those situations that involve the replacement of existing circuit breakers with
higher-rated units, the extent of any associated upgrades to station buswork is unlikely to be known until a
detailed review of the existing station facilities has been undertaken.

13.1 The rebuilding of Hearn SS
(or the replacement of 13 breakers and any buswork associated with the western half of the Hearn busbar
that has an inadequate fault rating) 

Estimated Cost ≈ $25 to $35 million

13.2 The replacement of three 115kV breakers (H5E, H7E & H8LC) and any buswork associated with the
western half of the Hearn busbar that has an inadequate fault rating

Estimated Cost ≈ $6 to $9 million

13.3 The interchange of 230kV circuits C3L & C17L close to their terminations into Leaside TS

Estimated Cost ≈ $3 to $4 million

13.4 The reconductoring of the 0.35km section of circuits H1L & H3L between Hearn SS and Basin Junction

Estimated Cost ≈ $1 to $2 million

13.5 The replacement of approximately 4.5km of 115 kV cable circuits (H7L & H11L and H1L & H3L)

Estimated Cost ≈ $12 to $15 million

13.6 The replacement of up to 7.9km of skywire on existing 115 kV overhead lines

Estimated Cost ≈ $1 million

13.7 The installation of a generation rejection & cross-tripping scheme for the Portlands Energy Centre Project

Estimated Cost ≈ $1 to $2 million

13.8 The installation of two new 115kV breakers at Hearn SS for the ‘balanced’ connection arrangement

Estimated Cost ≈ $4 to $6 million

13.9 The installation of four new 115kV breakers at Hearn SS for the ‘unbalanced’ connection arrangement

Estimated Cost ≈ $8 to $10 million
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14. Identification of ‘Sole Beneficiary’

Section 9.1.3 of the Transmission System Code states:

The cost of modifications and upgrades on specific network facilities that are triggered by and are for the sole
benefit of the generator shall be borne by the generator.

The IMO considers the following system modifications to be for the ‘sole benefit’ of the Portlands Energy Centre
Project:

i. The installation of a generation rejection & cross-tripping scheme for the Portlands Energy Centre Project

The generation rejection & cross-tripping scheme would be required to ensure that the thermal limits of the
local 115kV system are not exceeded for double-circuit contingencies, as well as for single-circuit
contingencies under outage conditions and while the generating units are being loaded following
connection to the busbar.  This scheme would minimise possible operational constraints on the generation
at the Portlands Energy Centre Project and, in the absence of any other generation capacity in the area,
would only be of benefit to that Project.

ii. The facilities at the point of connection for the Portlands Energy Centre Project

The facilities required at the point of connection to the IMO-controlled grid (including the breakers
required at the Hearn 115kV busbar on to which the incorporation circuits are to be terminated; the
protective relaying; the facilities for monitoring the status of the equipment; the facilities for SCADA
information; any associated communications; etc.) would also be for the sole benefit of the Portlands
Energy Centre Project.

iii. If, subject to approval from the transmitter, it is decide to install neutral reactors, these would also be for
the ‘sole benefit’ of the Project:

Should the ‘balanced’ connection arrangement be adopted for the incorporation of this Project into the IMO-
controlled grid, then although the Portlands Energy Centre Project would be responsible for triggering the rebuilding
of the 115kV busbar at Hearn SS (or the replacement of 13 breakers), the Project would not be considered to be the
sole beneficiary of this work

Similarly, while the Portlands Energy Centre Project would be responsible for triggering the reconductoring of the
section of circuits H1L & H3L between Hearn SS & Basin TS, this work is expected to be required for the Third
Supply should the dc Option be adopted, in order to maximise the transfer capability away from the Hearn 115kV
busbar.

The replacement of the underground cables and the skywires, although triggered by the Portlands Energy Centre
Project would, similarly, not be for its sole benefit.

The interchange of the 230kV circuits C3L & C17L would address an existing system issue (the isolation of 115kV
circuits) while also limiting the impact of 230kV double-circuit contingencies, and the attendant loss of two auto-
transformers.  Furthermore, although the impact of losing two auto-transformers would be more severe whenever the
115kV busbar at Hearn SS has to be operated open, it has been identified as an emerging problem as a result of the
increasing load in the Leaside sector, even with the Hearn busbar operated closed.  (The Preliminary Assessment
Report for the Cecil Project.)

While the interchange of the 230kV circuits will need to be undertaken before the Portlands Energy Centre Project is
placed in-service and the Hearn 115kV busbar is operated open, the Project would therefore not be considered to be
the sole beneficiary of this work
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Should Hydro One withhold its approval for the installation of the neutral reactors that have been proposed for the
‘unbalanced’ connection, then it would be necessary to replace three of the 115kV breakers at Hearn SS, together
with any associated buswork that has an inadequate rating.  On the assumption that the Hearn 115kV switchyard will
need to be rebuilt as part of the 3rd Supply development, then the replacement breakers would have no long-term
system benefit.  The temporary installation of the three breakers would therefore be for the ‘sole benefit’ of the
proponent and, once the switchyard has been rebuilt, either the proponent would receive a credit for their remaining
value, or ownership of the breakers would revert to him.

Alternatively, the proponent could fund the advancement cost for rebuilding the new switchyard to avoid the
temporary replacement of the breakers and any associated buswork. 

15. Customer Impact Assessment

Hydro One Networks Inc. has completed the Customer Impact Assessment for this Project and has concluded that,
subject to the implementation of all of the requirements detailed in this Addendum for the specific incorporation
arrangement that is eventually selected, the Project will have no adverse impact on local customers other than with
respect to the following:

• For both the original proposal (with a diagonal split of the Hearn 115kV busbar) and for the revised
proposal (with a vertical split of the Hearn 115kV busbar) and a 'balanced' (symmetrical) distribution of the
new generating capacity across the two halves of the Hearn 115kV busbar -

Implement measures to address the higher-than-acceptable fault level at Gerrard TS.

For the revised proposal (with a vertical split of the Hearn 115kV busbar) but with the new generating capacity
distributed asymmetrically across the two halves of the Hearn 115kV busbar, the fault levels at Gerrard TS would
remain within the 500MVA rating of the existing facilities and no remedial action would therefore be required.

Hydro One has also examined the effect on the local system of installing a 7.5mH neutral reactor on each generator
step-up transformer of the two gas-turbine units.  Since it has been concluded that the installation of these reactors
will not result in excessive temporary over-voltages under fault conditions, Hydro One has indicated that approval
will be granted for their installation.

Comments from Toronto Hydro 
 
Toronto Hydro commented that wherever necessary, they would expect measures to be implemented to ensure that
the respective 800MVA and 500MVA fault interrupting capability of their existing 27.6kV and 13.8kV equipment
would be respected.

Furthermore, under contingency conditions, system voltages would be expected to remain within acceptable values
and that there would be no abnormal frequency and voltage fluctuations.

Both of these concerns have been addressed in the Hydro One CIA Report.  The supporting analysis has confirmed
that for the recommended, asymmetrical incorporation arrangement -

• fault levels would remain within the standard equipment ratings as specified in the Transmission System
Code, and

• system voltages would remain within the ranges specified in the Market Rules and the Transmission
System Code.  
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16. Notification of Approval of the Connection Proposal

This Addendum to the original PA Report for the Portlands Energy Centre Project has examined the effect of an
alternative system arrangement on the incorporation into the IMO-controlled grid of new generating facilities at the
Hearn generating station.

This assessment has determined that operating with the 230kV bus-tie breakers at Leaside TS open would avoid the
need to replace any of the existing circuit breakers and associated buswork at Leaside TS.

Depending on the actual connection arrangement adopted for incorporating the new generating facilities into the
115kV busbar at Hearn SS, this assessment has determined that the following work would also need to be
undertaken at Hearn SS:

i. With the new generating capacity ‘balanced’ (symmetrically distributed) across the two halves of the
Hearn 115kV busbar -

• Replace 13 breakers and any associated buswork that is identified as being inadequately rated.
OR
• Rebuild the station.

ii. With the new generating capacity ‘unbalanced’ (asymmetrically distributed) across the two halves of the
Hearn 115kV busbar -

• EITHER:

• Replace the three breakers H5E, H7E & H8LC with higher-rated units, together with the
replacement of any of the existing buswork and associated facilities that are determined to be
inadequately rated.

OR 

• Include provisions for the installation of a 7.5mH (2.8Ω) neutral reactor on each of the generator
step-up transformers for the two gas-turbine units and, when informed by the IMO of a
requirement for the reactors to be installed, undertake the necessary work.

(In the CIA for this Project, since no concerns related to the installation of these reactors had
been identified by Hydro One, approval would be given for their installation.)

Either of the above incorporation arrangements (in addition to the arrangement that was assessed in the original PA
Report, and for which a Notification of Approval to Connect has already been issued) would be acceptable to the
IMO.  However, since the proposed splitting of the entire Leaside sector would result in unbalanced loading on the
230/115kV auto-transformers at Leaside TS, there would be some merit in adopting the ‘unbalanced’ (asymmetrical)
connection arrangement and installing additional generation capacity on the more heavily loaded western Portion of
the Leaside sector.

Furthermore, in the original Preliminary Assessment Report for this Project the IMO had raised concerns regarding
OPG’s ability to meet their scheduled in-service date due to the difficulties that were expected to be encountered in
obtaining the necessary outages the complete the extensive work that had been identified at Leaside TS.  Since the
arrangements reviewed in this Addendum (based on operating with the 230kV bus-tie breakers at Leaside TS open)
would avoid the need to replace any of the breakers at Leaside TS, those concerns would be significantly reduced if
either of the arrangements reviewed in this Addendum were to be adopted.
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It should be stressed however, that the arrangements proposed in this Addendum rely on the ability of the new
generation capacity connected to the western half of the Hearn 115kV busbar to ‘back-off’ the flows on circuits C5E
& C7E between Cecil TS and Terauley TS.  Without this reduction in the flows, it would not be possible to operate
with the 115kV busbars at Terauley TS closed since any contingency involving circuit C5E or C7E would result in
overloading of the companion circuit.  With increasing growth in the loads at Esplanade TS and Terauley TS, the
extent of the flow reduction will diminish.  Consequently, the arrangements proposed in this Addendum should be
considered as an interim solution to allow new generation capacity to be installed on the system until such time as
one of the proposed options for providing a Third Supply to Downtown Toronto can be implemented.

A revised set of IMO requirements for the alternative system arrangement has been detailed in this Addendum and
subject to their implementation, it is recommended that approval for the connection of the Portlands Energy Centre
Project to the IMO-controlled grid be granted.  A second Notification of Approval for Connection based on the
revised IMO requirements is therefore to be issued for this Project.

The first Notification of Approval for Connection for the Portlands Energy Centre Project, which was based on the
connection arrangement reviewed in the original Preliminary Assessment Report, and which is conditional on the
implementation of the IMO’s requirements as detailed in that Report, remains valid.
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TABLE 1 - Fault Levels at Leaside TS with the 115kV Busbar at Hearn TS Split Vertically

With a Symmetrical Distribution of the New Generation Capacity & With All Four Units In-service

Extracted from the Original Preliminary Assessment Report for the Portlands Energy Centre Project

Fault Levels on the 115kV busbar at LEASIDE TS                   for a Pre-fault Voltage of 127kV
Leaside 230kV ‘Closed’; Leaside 115kV Busbar ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings
Leaside

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 27.81kA 32.34kA 36.48kA 41.40kA
No new Generation

East ‘E
xi

st
in

g’
27.85kA 31.87kA 36.82kA 40.80kA

34.22kA 39.25kA 44.46kA 49.74kA
West

+6.41kA +6.91kA +7.98kA +8.34kA

34.35kA 39.54kA 44.14kA 50.10kA

With Portlands
Energy Centre
Project in-service East W

ith
 N

ew
 G

en

+6.50kA +7.67kA +7.32kA +9.30kA

39.3kA 45.5kA

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at LEASIDE TS                   for a Pre-fault Voltage of 127kV
Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings
3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 24.70kA 27.86kA 31.91kA 34.91kA
No new Generation
Diagrams 5 & 6 East ‘E

xi
st

in
g’

24.80kA 28.13kA 32.36kA 35.21kA

31.02kA 34.49kA 39.86kA 43.22kA
West

+6.32kA +6.63kA +7.95kA +8.31kA

31.23kA 35.49kA 40.78kA 44.47kADiagrams
9 & 10

East
+6.43kA +7.36kA +8.42kA +9.26kA

31.02kA 33.77kA 39.86kA 42.32kA
West

+6.32kA +5.91kA +7.95kA +7.41kA

31.23kA 34.41kA 40.78kA 43.53kA

With 5Ω
Neutral
Reactors East

+6.43kA +6.28kA +8.42kA +8.32kA

25.19kA 28.99kA 32.31kA 36.91kA
West

+0.49kA +1.13kA +0.40kA +2.00kA

26.02kA 30.60kA 33.64kA 38.58kA

With C3L
& C17L
Open East

+1.22kA +2.47kA +1.28kA +3.37kA

25.19kA 28.41kA 32.31kA 36.13kA
West

+0.49kA +0.55kA +0.40kA +1.22kA

26.02kA 29.74kA 33.64kA 37.80kA

With
Portlands
Energy
Centre
Project
in-service

With 5Ω
Neutral
Reactors
and C3L
& C17L
Open 

East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

+1.22kA +1.61kA +1.28kA +2.59kA

39.3kA 45.5kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers 
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TABLE 2 - Fault Levels at Hearn TS with the 115kV Busbar at Hearn TS Split Vertically

With a Symmetrical Distribution of the New Generation Capacity & With All Four Units In-service

Extracted from the Original Preliminary Assessment Report for the Portlands Energy Centre Project

Fault Levels on the 115kV busbar at HEARN GS                   for a Pre-fault Voltage of 127kV
Leaside 230kV ‘Closed’; Leaside 115kV Busbar ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings
3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 20.88kA 19.08kA 25.19kA 20.20kA
No new Generation

East ‘E
xi

st
in

g
’

22.20kA 21.38kA 25.20kA 21.70kA

27.16kA 28.98kA 34.33kA 36.28kA
West

+6.28kA +9.90kA +9.14kA +16.08kA

28.55kA 30.90kA 34.98kA 37.54kA

With Portlands
Energy Centre
Project in-service East W

ith
 N

ew
G

en
er

at
io

n

+6.35kA +9.52kA +9.78kA +15.84kA

31.4kA 34.1kA

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at HEARN TS                   for a Pre-fault Voltage of 127kV

Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 19.08kA 17.19kA 23.02kA 18.84kA
No new generation
Diagrams 7 & 8 East ‘E

xi
st

in
g’

20.22kA 19.87kA 22.94kA 20.71kA

25.60kA 26.88kA 32.59kA 34.11kA
West

+6.52kA +9.69kA +9.57kA +15.27kA

26.77kA 28.97kA 33.09kA 35.86kADiagrams
11 & 12

East
+6.55kA +9.11kA +10.15kA +15.15kA

25.60kA 23.45kA 32.59kA 29.06kA
West

+6.52kA +6.26kA +9.57kA +10.22kA

26.77kA 26.12kA 33.09kA 31.37kA

With 5Ω
Neutral
Reactors East

+6.55kA +6.25kA +10.15kA +10.66kA

21.98kA 24.03kA 28.64kA 30.50kA
West

+2.90kA +6.84kA +5.62kA +11.66kA

23.20kA 26.01kA 29.21kA 32.85kA

With C3L
& C17L
Open East

+2.98kA +6.14kA +6.27kA +12.14kA

21.98kA 21.19kA 28.64kA 23.96kA
West

+2.90kA +4.00kA +5.62kA +5.12kA

23.20kA 23.64kA 29.21kA 28.75kA

With
Portlands
Energy
Centre
Project
in-service

With 5Ω
Neutral
Reactors
and C3L
& C17L
Open 

East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

+2.98kA +3.77kA +6.27kA +8.04kA

31.4kA 34.1kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers 
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TABLE 3 - Fault Levels at Leaside TS with the 115kV Busbar at Hearn TS Closed

Extracted from the Preliminary Assessment Report for the Project to Quarter Terauley TS

Fault Levels on the 115kV busbars at LEASIDE TS          for a Pre-fault Voltage of 127kV

Leaside 230kV Closed; Leaside 115kV busbar Open; Hearn 115kV Busbar Closed; & Terauley TS Open

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 32.25kA 36.53kA 41.77kA 46.76kA
With no new Generation

East 32.33kA 36.55kA 41.86kA 46.78kA
39.3kA 45.5kA

With a Symmetrical Distribution of the New Generation Capacity & With Only Half the Portlands Energy Centre
Project In-service

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at LEASIDE TS         for a Pre-fault Voltage of 127kV

With only half the Hearn Project in-service & Hearn 115kV busbar Closed

Leaside 230kV & 115kV Busbars ‘Open’; & Terauley TS ‘Open’

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 35.51kA 38.20kA 41.52kA 44.77kA

Diagram 15 East 36.57kA 40.86kA 44.57kA 47.88kA

West 35.51kA 37.96kA 41.52kA 44.50kAWith 5Ω
Neutral
Reactors East 36.57kA 40.08kA 44.57kA 46.97kA

West 28.50kA 31.99kA 33.41kA 37.93kA
With C3L &
C17L Open

East 29.75kA 34.71kA 35.41kA 40.61kA

West 28.50kA 31.81kA 33.41kA 37.73kA

With only
half the
Portlands
Energy
Centre
Project
in-service

With 5Ω
Neutral
Reactors &
C3L &
C17L Open East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

29.75kA 33.60kA 35.41kA 39.85kA

39.3kA 45.5kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers
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TABLE 4 - Fault Levels at Hearn TS with the 115kV Busbar at Hearn TS Closed

Extracted from the Preliminary Assessment Report for the Project to Quarter Terauley TS

Fault Levels on the 115kV busbar at HEARN TS         for a Pre-fault Voltage of 127kV

Leaside 230kV Closed; Leaside 115kV busbar Open; Hearn 115kV Busbar Closed; & Terauley TS Open

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

With no new Generation 29.97kA 29.13kA 34.58kA 29.92kA 31.4kA 34.1kA

With a Symmetrical Distribution of the New Generation Capacity & With Only Half the Portlands Energy Centre
Project In-service

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at HEARN TS                   for a Pre-fault Voltage of 127kV

With only half the Hearn Project in-service & Hearn 115kV busbar Closed

Leaside 230kV & 115kV Busbars ‘Open’ & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

Diagrams 13 & 14

36.11kA 38.20kA 43.87kA 45.27kA

With 5Ω Neutral
Reactors 36.11kA 35.24kA 43.87kA 39.32kA

With C3L &
C17L Open 29.85kA 33.24kA 37.26kA 40.42kA

With only half
the Portlands
Energy Centre
Project
in-service

With 5Ω Neutral
Reactors & C3L
& C17L Open 

29.85kA 30.94kA 37.26kA 35.67kA

31.4kA 34.1kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers 
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TABLE 5 - Fault Levels at Leaside TS with the 115kV Busbar at Hearn TS Split Vertically

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at LEASIDE TS                   for a Pre-fault Voltage of 127kV
Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings
3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 24.70kA 27.86kA 31.91kA 34.91kA
No new Generation

East ‘E
xi

st
in

g’

24.80kA 28.13kA 32.36kA 35.21kA

32.66kA 36.07kA 42.29kA 45.20kA
West

+7.96kA +8.21kA +10.38kA +10.29kA

29.41kA 33.44kA 38.17kA 41.90kA
East

+4.61kA +5.13kA +5.81kA +6.69kA

32.66kA 35.14kA 42.29kA 44.03kA
West

+7.96kA +7.28kA +10.38kA +9.12kA

29.41kA 32.80kA 38.17kA 41.46kA

With 5Ω
Neutral
Reactors East

+4.61kA +4.67kA +5.81kA +6.25kA

26.81kA 30.61kA 34.35kA 38.96kA
West

+2.11kA +2.75kA +2.44kA +4.05kA

24.22kA 28.56kA 31.39kA 36.35kA

With C3L
& C17L
Open East

-0.58kA +0.43kA -0.97kA +1.14kA

26.81kA 29.84kA 34.35kA 37.96kA
West

+2.11kA +1.98kA +2.44kA +3.05kA

24.22kA 28.05kA 31.39kA 35.63kA

With the
entire
Portlands
Energy
Centre
Project
in-service

With 5Ω
Neutral
Reactors
and C3L
& C17L
Open 

East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

-0.58kA -0.08kA -0.97kA +0.42kA

39.3kA 45.5kA
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TABLE 6 - Fault Levels at Hearn TS with the 115kV Busbar at Hearn TS Split Vertically

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at HEARN TS                   for a Pre-fault Voltage of 127kV

Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 19.08kA 17.19kA 23.02kA 18.84kA
No new Generation

East ‘E
xi

st
in

g’

20.22kA 19.87kA 22.94kA 20.71kA

27.65kA 29.78kA 35.69kA 38.41kA
West

+8.57kA +12.59kA +12.67kA +19.57kA

24.72kA 26.10kA 29.96kA 31.66kADiagrams
16 & 17

East
+4.50kA +6.23kA +7.02kA +10.95kA

27.65kA 24.95kA 35.69kA 31.22kA
West

+8.57kA +7.76kA +12.67kA +12.38kA

24.72kA 24.52kA 29.96kA 28.66kA

With 5Ω
Neutral
Reactors East

+4.50kA +4.65kA +7.02kA +7.95kA

24.00kA 26.79kA 31.61kA 34.83kA
West

+4.92kA +9.60kA +8.59kA +15.99kA

21.17kA 23.27kA 26.23kA 28.58kA

With C3L
& C17L
Open East

+0.95kA +3.40kA +3.29kA +7.87kA

24.00kA 22.74kA 31.61kA 26.47kA
West

+4.92kA +5.55kA +8.59kA +7.63kA

21.17kA 21.97kA 26.23kA 26.41kA

With the
entire
Portlands
Energy
Centre
Project
in-service

With 5Ω
Neutral
Reactors
and C3L
& C17L
Open 

East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

+0.95kA +2.10kA +3.29kA +5.70kA

31.4kA 34.1kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers
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TABLE 7 - Fault Levels at Leaside TS with the 115kV Busbar at Hearn TS Split Vertically

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

& With Neutral Reactors on the generator step-up transformers of the two gas-turbine units (connected to the
western half of the Hearn busbar)

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at LEASIDE TS                   for a Pre-fault Voltage of 127kV
Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings
3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 24.70kA 27.86kA 31.91kA 34.91kA
No new Generation

East ‘E
xi

st
in

g’

24.80kA 28.13kA 32.36kA 35.21kA

32.66kA 36.07kA 42.29kA 45.20kA
West

+7.96kA +8.21kA +10.38kA +10.29kA

29.41kA 33.44kA 38.17kA 41.90kA
East

+4.61kA +5.13kA +5.81kA +6.69kA

32.66kA 35.14kA 42.29kA 44.04kA
West

+7.96kA +7.28kA +10.38kA +9.13kA

29.41kA 33.44kA 38.17kA 41.90kA

With 5Ω
Neutral
Reactors East

+4.61kA +5.13kA +5.81kA +6.69kA

32.66kA 35.56kA 42.29kA 44.55kA
West

+7.96kA +7.70kA +10.38kA +9.64kA

29.41kA 33.44kA 38.17kA 41.90kA

With the
entire
Portlands
Energy
Centre
Project
in-service

With 2Ω
Neutral
Reactors East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

+4.61kA +5.13kA +5.81kA +6.69kA

39.3kA 45.5kA
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TABLE 8 - Fault Levels at Hearn TS with the 115kV Busbar at Hearn TS Split Vertically

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

& With Neutral Reactors on the generator step-up transformers of the two gas-turbine units (connected to the
western half of the Hearn busbar

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at HEARN TS                   for a Pre-fault Voltage of 127kV

Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 19.08kA 17.19kA 23.02kA 18.84kA
No new Generation

East ‘E
xi

st
in

g’

20.22kA 19.87kA 22.94kA 20.71kA

27.65kA 29.78kA 35.69kA 38.41kA
West

+8.57kA +12.59kA +12.67kA +19.57kA

24.72kA 26.10kA 29.96kA 31.66kA
East

+4.50kA +6.23kA +7.02kA +10.95kA

27.65kA 24.97kA 35.69kA 31.23kA
West

+8.57kA +7.78kA +12.67kA +12.39kA

24.72kA 26.08kA 29.96kA 31.63kA

With 5Ω
Neutral
Reactors East

+4.50kA +6.21kA +7.02kA +10.92kA

27.65kA 26.89kA 35.69kA 34.20kA
West

+8.57kA +9.70kA +12.67kA 15.36kA

24.72kA 26.09kA 29.96kA 31.64kA

With the
entire
Portlands
Energy
Centre
Project
in-service

With 2Ω
Neutral
Reactors East

W
ith

 N
ew

 G
en

er
at

io
n 

In
-s

er
vi

ce

+4.50kA +6.22kA +7.02kA +10.94kA

31.4kA 34.1kA
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TABLE 9 - Fault Levels at Selected Locations with the 115kV Busbar at Hearn TS Split Vertically

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

With no neutral reactors (the circuits are all associated with the eastern half of the Hearn busbar)

With the 230kV Busbars at Leaside TS Open

Fault Levels for a Pre-fault Voltage of 127kV

Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical

3-phase L-G 3-phase L-G

Mill Street Junction:  Circuits H1L & H3L 23.62kA 24.56kA 28.29kA 28.34kA

Basin Jct 14.44kA 17.57kA 17.30kA 20.27kARatings:
Cable H3L:   18kA
Cable H1L:   26kA

Fault Infeeds: 
Gerrard Jct 9.20kA 7.34kA 11.02kA 8.47kA

Gerrard Junction:  Circuits H1L & H3L 23.37kA 23.91kA 27.91kA 28.62kA

Bloor St Jct 10.28kA 9.54kA 12.27kA 11.42kARatings:
Cable H3L:   18kA
Cable H1L:   26kA

Fault Infeeds:
Mill St Jct 12.78kA 15.08kA 15.26kA 18.05kA

Todmorden Junction:  Circuits H7L & H11L 27.90kA 31.74kA 33.56kA 34.22kA

Leaside TS 26.24kA 28.89kA 31.56kA 31.14kARatings:
Cable H7L:    30kA
Cable H11L:  30kA

Fault Infeeds:
Lumsden Jct 1.66kA 2.97kA 2.00kA 3.20kA

Leaside TS East:  Circuits H7L & H11L 29.41kA 33.44kA 38.17kA 41.90kA

Todmorden H7L 0.73kA 1.33kA 0.95kA 1.66kARatings:
Cable H7L:    30kA
Cable H11L:  30kA

Fault Infeeds:
Todmorden H11L 0.72kA 1.33kA 0.94kA 1.66kA

Note: The cable short-circuit capability is based on an assumed fault clearing time of 200 milliseconds
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TABLE 10 - WITH THE 230kV CIRCUITS C3L & C17L INTERCHANGED AT LEASIDE TS

Fault Levels at Leaside TS with the 115kV Busbar at Hearn TS Split Vertically at Breaker Positions 2A3 & 6P7

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at LEASIDE TS                   for a Pre-fault Voltage of 127kV
Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings
3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 26.46kA 29.79kA 33.10kA 35.95kA
No new Generation

East ‘E
xi

st
in

g’

25.81kA 29.65kA 33.32kA 37.92kA

34.47kA 38.13kA 43.33kA 45.26kA
West

+8.01kA +8.34kA +10.23kA +9.31kA

30.63kA 35.12kA 39.73kA 44.95kA

With no
neutral
reactors East

+4.82kA +5.47kA +6.41kA +7.03kA

34.47kA 37.46kA 43.33kA 44.47kA
West

+8.01kA +7.67kA +10.23kA +8.52kA

30.63kA 35.12kA 39.73kA 44.95kA

With the
entire
Portlands
Energy
Centre
Project
in-service

With 2.8Ω
Neutral
Reactors
on the GT
units East W

ith
 N

ew
 G

en
er

at
io

n 
In

-s
er

vi
ce

+4.82kA +5.47kA +6.41kA +7.03kA

39.3kA 45.5kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers
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TABLE 11 - WITH THE 230kV CIRCUITS C3L & C17L INTERCHANGED AT LEASIDE TS

Fault Levels at Hearn TS with the 115kV Busbar at Hearn TS Split Vertically at Breaker Positions 2A3 & 6P7

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

With the 230kV Busbars at Leaside TS Open

Fault Levels on the 115kV busbar at HEARN TS                   for a Pre-fault Voltage of 127kV

Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical Breaker Ratings

3-phase L-G 3-phase L-G Symmetrical Asymmetrical

West 20.36kA 17.69kA 22.34kA 18.44kA
No new Generation

East ‘E
xi

st
in

g’

21.16kA 20.95kA 24.37kA 21.83kA

29.04kA 30.76kA 36.15kA 38.60kA
West

+8.68kA +13.07kA +13.81kA +20.16kA

25.88kA 27.35kA 31.71kA 33.20kA

With no
neutral
reactors East

+4.72kA +6.40kA +7.34kA +11.37kA

29.04kA 26.89kA 36.15kA 33.24kA
West

+8.68kA +9.20kA +13.81kA +14.80kA

25.88kA 27.32kA 31.71kA 33.17kA

With the
entire
Portlands
Energy
Centre
Project
in-service

With 2.8Ω
Neutral
Reactors
on the GT
units East W

ith
 N

ew
 G

en
er

at
io

n 
In

-s
er

vi
ce

+4.72kA +6.37kA +7.34kA +11.34kA

31.4kA 34.1kA

Figures shown in bold-italic indicate situations where the total fault level exceeds the rating of the existing circuit breakers
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TABLE 12 - WITH THE 230kV CIRCUITS C3L & C17L INTERCHANGED AT LEASIDE TS

Fault Levels at Selected Locations with the 115kV Busbar at Hearn TS Split Vertically at Breaker Positions 2A3
& 6P7

With an Asymmetrical Distribution of the New Generation & With All Four Units In-service

With no neutral reactors (the circuits are all associated with the eastern half of the Hearn busbar)

With the 230kV Busbars at Leaside TS Open

Fault Levels for a Pre-fault Voltage of 127kV

Leaside 230kV & 115kV Busbars ‘Open’ ; Hearn 115kV Busbar ‘Open’ vertically; & Terauley TS ‘Closed’

Symmetrical Asymmetrical

3-phase L-G 3-phase L-G

Mill Street Junction:                 Circuits H1L & H3L 24.00kA 25.04kA 28.40kA 28.42kA

Basin Jct 14.66kA 17.82kA 17.34kA 20.22kARatings:
Cable H3L:   18kA
Cable H1L:   26kA

Fault Infeeds: 
Gerrard Jct 9.37kA 7.57kA 11.08kA 8.59kA

Gerrard Junction:     Circuits H1L & H3L 23.76kA 24.37kA 28.03kA 29.17kA

Bloor St Jct 10.47kA 9.82kA 12.35kA 11.75kARatings:
Cable H3L:   18kA

    Cable H1L:   26kA
Fault Infeeds:

Mill St Jct 12.97kA 15.28kA 15.30kA 18.29kA

Todmorden Junction:   Circuits H7L & H11L 28.47kA 32.74kA 34.25kA 35.29kA

Leaside TS 26.79kA 29.86kA 32.23kA 32.19kARatings:
Cable H7L:    30kA

    Cable H11L:  30kA
Fault Infeeds:

Lumsden Jct 1.68kA 3.00kA 2.02kA 3.23kA

Note: The cable short-circuit capability is based on an assumed fault clearing time of 200 milliseconds
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CHERRYWOOD TS

Configuration of the Leaside Sector with the 230kV Bus-tie Breakers at Leaside TS Open
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3-Phase Fault Levels at Hearn TS
With only the Portlands Energy Centre Project in-service: Unbalanced Connection Arrangement

Leaside 230kV & 115kV busbars Open: Terauley 115kV Busbars Closed; Hearn 115kV busbar split vertically
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Breaker Ratings:
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All others:
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31.4kA(sym)/34.1kA(asym)

Breakers whose
rating is exceeded

16th April 2003
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Single Line-to-Ground Fault Levels at Hearn TS
With only the Portlands Energy Centre Project in-service: Unbalanced Connection Arrangement

Leaside 230kV & 115kV busbars Open: Terauley 115kV Busbars Closed; Hearn 115kV busbar split vertically
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DIAGRAM 18
23rd April 2003

CHERRYWOOD TS

Configuration of the Leaside Sector with the 230kV Bus-tie Breakers at Leaside TS Open
Interchange of Circuits C3L & C16L as proposed in the TIES Study
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DIAGRAM 19
23rd April 2003

CHERRYWOOD TS

Configuration of the Leaside Sector with the 230kV Bus-tie Breakers at Leaside TS Open
and the terminations of the 230kV circuits C3L & C17L interchanged at Leaside TS
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