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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 Hydro One Networks Inc.
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 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 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 system impact assessment are based on the information available to Hydro One, at the
time of the study, suitable for a system impact assessment of a new transmission facility.
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HYDRO ONE NETWORKS Inc.: 3rd SUPPLY TO DOWNTOWN TORONTO

SYSTEM IMPACT ASSESSMENT REPORT

EXECUTIVE SUMMARY

1. General

In the 10-Year Outlook for 2002, the IMO had raised concerns regarding the continued reliability of the supply to
Downtown Toronto.  Hydro One Networks Inc. duly responded with an application to the IMO for a Connection
Assessment of their proposal to establish a 3rd Supply to the Downtown Toronto.

The original proposal included two, mutually-exclusive options:

i. A 230kV ac Option

Involving new 230kV connections to the downtown area from the 230kV switchyard at Manby TS and the
conversion of both John TS and Esplanade TS from 115kV to 230kV operation.  In addition, the plan
included the development of a future Railway Lands 230kV TS to supply the additional load that is
expected to emerge as the railway lands are developed.

Diagram Exec 1 shows the facilities that it is proposed to install for the 230kV ac Option.

ii. A dc Option

Involving two new dc submarine cable connections from Beck 2 GS in the Niagara area to Hearn SS.  One
of these connections was to have been three-ended so as to provide a dc connection between Hearn SS &
John TS.  This plan also included the development of the future Railway Lands TS, but in this instance it
would have been connected at 115kV.

The original proposal was subsequently revised by Hydro One to eliminate the three-ended dc connection,
so that both of the connections between Beck 2 GS to Hearn SS would be identical.  A separate connection
would also be established between John TS and Hearn SS that would be terminated via a back-to-back dc
converter on to the 115kV busbar at Hearn SS.

Diagram Exec 2 shows the revised arrangement for the proposed dc Option. 

2. Existing Supply Arrangement for Downtown Toronto

Currently, as shown in Diagram Exec 3, the downtown area of Toronto is supplied from two sources: Manby TS in
the west, and Leaside TS in the east.

Manby TS is supplied radially via five 230kV circuits from Richview TS and these 230kV circuits also provide the
supply to the five 230kV-connected DESN stations shown in Diagram Exec 4.  The forecast weather-corrected load
for the summer-2008 for these five DESN stations, together with the 230kV-connected DESN stations at Manby TS,
totals approximately 840MVA.

Manby TS is also subdivided into two independent transformer stations, Manby East TS and Manby West TS, and
the forecast weather-corrected loads supplied from the 115kV systems associated with each of these TSs are
approximately 390MVA & 460MVA, respectively, for the summer-2008.

Leaside TS is similarly supplied radially via six 230kV circuits from Cherrywood TS and these 230kV circuits
provide the supply to the six 230kV-connected DESN stations distributed along the Cherrywood-Leaside corridor.
For these six DESN stations, the forecast weather-corrected load for the summer-2008 totals approximately
1200MVA. 

The corresponding load supplied from the 115kV transmission system associated with Leaside TS is forecast to total
approximately 1545MVA during the summer-2008.
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The combined load that is forecast to be supplied from the 230kV & 115kV systems within the Manby & Leaside
Sectors during the summer-2008 would therefore be approximately 1700MVA &  2750MVA, respectively.
Together these loads represent approximately 40% of the load within the GTA and almost 18% of the entire peak
load on the Ontario system. 

Since both Sectors consist of radially-connected facilities, contingencies involving the 230kV transmission circuits
associated with Richview TS & Cherrywood TS; the 230/115kV auto-transformers at Leaside TS & Manby TS; or
the 115kV transmission circuits originating from either Leaside TS or Manby TS will therefore have a direct impact
on the respective supplies to the loads within the Leaside & Manby Sectors.

Existing Capability to Transfer Load between the Leaside & Manby Sectors

Facilities currently exist to transfer the load at Dufferin TS, either in isolation or together with the load at Bridgman
TS, from the Leaside Sector from which it normally obtains its supply, to Manby East TS.

Facilities also exist to transfer approximately one third of the load at Esplanade TS from the Leaside Sector to
Manby West TS.  However, since the transferred load would then be supplied via only a single, extended circuit
from Manby West TS, its exposure to possible supply interruptions would be high.  This arrangement is therefore
only be employed as a last resort.

3. Critical Need Dates for the Existing System 

Leaside Sector

Based on the weather-corrected load forecast issued by Toronto Hydro in January 2004, the IMO has determined
that the existing transmission facilities in the Leaside Sector would only be adequate up until the summer-2008
before measures would need to be implemented to increase its load-meeting capability.

This assumes no load transfers to the Manby Sector, primarily because the IMO feels that it would be prudent to
have this capability available to respond to any post-contingency overloading that would be expected to occur under
extreme-weather conditions. 

It should also be noted that the IMO in their SIA Report for the Cooksville TS Project, concluded that transfers to
the Manby Sector during peak load periods would not be possible following the shut-down of Lakeview GS, until
the work under that Project, including the installation of the 230kV series capacitors in circuit L24CR at Cooksville
TS, has been completed. 

Manby Sector

The transfer of the load at Dufferin TS to Manby East TS during peak load periods is not expected to be possible
beyond the summer-2008 due to the projected increases in the weather-corrected load at Dufferin TS and at those
TSs that are normally supplied from Manby East TS.

While the transfer of a third of the load at Esplanade TS to Manby West TS using the existing 115kV connection is
expected to be possible for a number of years, a definitive end-date was not determined because of the reliability
concerns associated with using only a single circuit to make the transfer.  

However, with the growth in the load that is normally supplied from Manby West TS, it is becoming increasingly
difficult to schedule outages on the three auto-transformers at Manby West TS.  In order to remove one of these
auto-transformers from service, while respecting the loss of one of the remaining two auto-transformers due to a
contingency, the load supplied from Manby West TS would need to be less than the 10-day limited-time-rating of
the last remaining auto-transformer.

Although the situation has not yet become critical, measures are expected to be required within the next few years to
reduce the load supplied from Manby West TS during those periods when outages need to be scheduled.
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4. John-to-Esplanade Link

Reference to Diagrams Exec 1 and Exec 2 shows that the facilities between John TS and Esplanade TS would be a
common feature of both the 230kV ac Option and the dc Option.  Consequently, the construction of these common
facilities would not represent a commitment to either of the Options for providing a 3rd Supply to Downtown
Toronto.

Since the availability of the John-to-Esplanade Link would facilitate load transfers between the Leaside & Manby
Sectors, Hydro One has indicated that they propose to proceed with this work as an initial phase of Stage 1 of the 3rd

Supply Plan.  The target completion date is the spring-2007.
 
The IMO has therefore been requested to assess the connection to the IMO-controlled grid of the two circuits
between John TS and Esplanade TS as shown in Diagram Exec 3 (referred to in the SIA Report as the John-to-
Esplanade Link).

The IMO has concluded that -

• Completion of the Link would not only permit transfers to be made to the Manby Sector with greater security
(via two circuits rather than via the single-circuit with the present arrangement), but it would also allow an
increase in the amount of load that could be transferred. 

• With either a 100MVAr capacitor bank installed at John TS or a 125MVAr capacitor bank at Manby TS, it
would be possible to transfer half the weather-corrected load at Terauley TS to Manby West TS during peak
load periods up to, and including, the summer-2011.

• With the capability to transfer load from the Leaside Sector to Manby West TS in response to a contingency
involving one of the critical 115kV circuits in the Leaside Sector, it would be possible to defer the
reinforcement of the Leaside Sector until immediately prior to the summer-2010.  Essentially, the development
of the John-to-Esplanade Link would provide a 2-year deferral in the need-date.

It should also be noted that the IMO, in the latest edition of the 10-Year Forecast, has identified concerns regarding
the ability to maintain acceptable post-contingency voltages within the western GTA following a 500kV double-
circuit contingency involving the Bruce TS to Milton TS line.  The situation would be especially onerous during
peak load periods should only a limited number of generating units be operational at Nanticoke GS, Pickering GS
and Darlington TS.  With all the existing transmission facilities in-service, together with the new capacitor banks
that are presently being installed at Burlington TS, Trafalgar TS, Richview TS & John TS, the IMO expects the
situation to become critical for the summer-2008 under extreme-weather loading conditions. 

Since the IMO's analysis was performed for the condition without any load transferred to the Manby Sector, then to
ensure the continued security of the system under contingency conditions while load transfers are being made via the
Link, additional transmission and/or generating facilities would be required within the western GTA to provide
voltage support.

Therefore, to support the transfer of load to the Manby Sector during peak load periods, these facilities would need
to be placed in-service by the spring-2007 to coincide with the planned in-service date for the John-to-Esplanade
Link.

5. Development of the Portlands Energy Centre

The Portlands Energy Centre, that it is proposed to construct directly adjacent to the old Hearn Powerhouse, is to
consist of two identical 'trains' of generating units.  Each train is to consist of a single 190MW gas-turbine generator
and an associated 85MW steam-turbine generator.

With new generation capacity incorporated into the Leaside Sector, via the 115kV busbar at Hearn SS, the Sector
would need to be operated split to restrict the fault levels so that they remain within the fault-interrupting capability
of the existing 115kV switchgear at both Hearn SS and Leaside TS.
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However, splitting the system would result in a significant imbalance between the load on the western half of the
Leaside 115kV busbar and that on the eastern half.  For the summer-2008 condition that was studied, the load on the
western half of the Leaside busbar totalled approximately 860MVA, while that on the eastern half totalled
approximately 550MVA. [Diagram 31 of the Report.]

To compensate for the imbalance introduced by having to operate with the Leaside Sector split, an asymmetrical
arrangement of the generating units has been adopted for the incorporation of the Portlands Energy Centre.  The two
190MW gas-turbine units are to be connected to the western half of the Hearn 115kV busbar while the two 85MW
steam-turbine units are to be connected to the eastern half.

Operation with the Entire Portlands Energy Centre in-service

With the entire Portlands Energy Centre in-service, the respective loads on each half of the Leaside busbar were
approximately 510MVA on the western half and approximately 350MVA on the eastern half.  [Diagram 32 of the
Report.]

Although the loadings on each half of the Leaside busbar remain imbalanced, they show that the asymmetrical
incorporation arrangement would be able to partially compensate for the effect of having to split the Leaside Sector.

Furthermore, with the entire Portlands Energy Centre in operation, contingencies involving any of the auto-
transformers at Leaside TS or any of the 115kV circuits between Leaside TS and Hearn SS would not result in
overloading of the companion auto-transformers or circuits.

Operation with Only Half the Portlands Energy Centre In-Service

However, with only half the Portlands Energy Centre in operation, the loading on each half of the Leaside 115kV
busbar would increase, and the difference between the loadings on the western and eastern halves would become
more pronounced.  For the summer-2008 condition examined, the total load on the western half of the Leaside
busbar was approximately 680MVA, while that on the eastern half totalled approximately 450MVA. [Diagram 33 of
the Report.]

For this condition, with only half the Portlands Energy Centre in operation during peak load periods, a contingency
involving one of the auto-transformers associated with the western half of the Leaside busbar would be expected to
result in overloading of the companion auto-transformers.

Load Transfers with the Portlands Energy Centre In-Service

With only half the Portlands Energy Centre in-service, the Hearn 115kV busbar would still need to be operated
vertically split to respect the fault interrupting capability of the existing 115kV switchgear at both Hearn SS and
Leaside TS.  Furthermore, in order to transfer half the load at Terauley TS to Manby West TS via the Link, the
section of circuits C5E & C7E between Esplanade TS and Terauley TS would have to be isolated and connected to
the Link.  This would introduce a physical break in what would normally be a continuous connection between Hearn
SS and Cecil TS, via Terauley TS and Esplanade TS.   This would leave only the double-circuit line, H6LC &
H8LC, connecting Leaside TS to the western half of the Hearn 115kV busbar.  A double-circuit contingency
involving this line would therefore isolate the western half of the Hearn busbar, together with the radially supplied
load at Esplanade. 

For the situation without the Portlands Energy Centre, with the 115kV busbar at Hearn SS operated closed, and with
half the load at Terauley TS transferred to Manby West TS via the Link, any double-circuit contingency involving
circuits H6LC & H8LC would have no adverse impact on the supply reliability to the load at Esplanade TS.
Consequently, the subsequent decline in the supply reliability to the load at Esplanade TS that would occur as a
result of having to transfer load to Manby West TS whenever only half the Portlands Energy Centre is operational,
would not be acceptable.

Therefore, in order not to adversely affect the supply reliability to the load at Esplanade TS whenever only half the
Portlands Energy Centre and it becomes necessary to transfer load to Manby West TS, the 115kV busbar would
need to be operated either diagonally split, or closed.
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i. With the Hearn 115kV busbar split diagonally & with half the load at Terauley TS transferred to Manby West TS

Analysis has shown that with the Hearn 115kV busbar operated diagonally split when only half the Portlands Energy
Centre is in-service and when one of the auto-transformers at Leaside TS is out-of-service, the fault levels at both
Leaside TS and Manby TS would increase beyond the fault interrupting capability of the existing switchgear.
However, after taking account of the fault current distribution, only two of the existing 115kV breakers at Hearn SS
would need to be replaced.

Operating with the Hearn 115kV busbar split diagonally would, however, adversely affect the flow distribution on
the 115kV circuits between Leaside TS and Hearn SS, to the extent that any subsequent contingency could result in
overloading.

ii. With the Hearn 115kV busbar closed, & with half the load at Terauley TS transferred to Manby West TS

With the Hearn 115kV busbar closed and with one of the auto-transformers at Leaside TS out-of-service, the
resulting increase in the fault levels would require thirteen of the existing fifteen 115kV breakers at Hearn SS,
together with any associated buswork that is also inadequately rated, to be replaced.  This would effectively mean a
complete rebuild of the existing station.

However, with the Hearn 115kV busbar operated closed, the flow distribution through both the auto-transformers
and the 115kV circuits would improve significantly so that the loss of one of the auto-transformers at Leaside TS
would no longer result in overloading of the remaining auto-transformers.  Studies with the forecast, weather-
corrected loads for the summer-2012 show that the post-contingency flows would not be expected to exceed the 10-
day limited-time-ratings of the remaining auto-transformers until around the summer-2015.
[Diagrams 43 & 49 of the Report.]

Furthermore, since it would therefore be possible to defer the critical need-date for further reinforcement of the
Leaside Sector without having to resort to load transfers to Manby West TS, then the subsequent use of the load
transfer capability of the Link would potentially provide the opportunity to defer the need date still further.

6. Extension of the Proposed John-to-Esplanade Link

Because the Leaside and Manby Sectors must be maintained separate in order to keep the fault levels below the fault
interrupting capability of the existing switchgear, load can only be transferred in discrete blocks.  Consequently,
only the following transfers could be made using the John-to-Esplanade Link:

• Half to load at Terauley TS    }
• The entire load at Terauley TS    } as well as combinations of these loads at Esplanade TS & Terauley TS
• The entire load at Esplanade TS  }

Analysis has shown that during peak load periods, with weather-corrected loads, it would only be possible to
transfer half the load at Terauley TS up to, and including, the summer-2011.  (This assumes that the recommended
capacitor bank will be installed at either John TS or Manby West TS.)  After that date, any subsequent contingency
would be expected to result in overloading.

This restriction on the need to transfer discrete blocks of load via the Link could be overcome by extending the
proposed John-to-Esplanade Link through to Hearn SS and installing a back-to-back dc converter in its termination
at Hearn SS.

With a back-to-back dc converter installed in the extended link it would be possible to operate with the Leaside and
Manby Sectors permanently interconnected without increasing the fault levels in either Sector.  Furthermore, the
converter would allow variable power injections to be made, via the Link, from one Sector to the other.
Consequently, power injections could be made from Manby West TS, up to the post-contingency capability of the
transmission facilities associated with Manby West TS.  This would mean that support for the Leaside Sector could
be provided beyond the summer-2011 date that analysis has shown would be the limit for transfers involving
discrete blocks of load.
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Furthermore, if the Portlands Energy Centre were to be developed, then with additional resources in the Leaside
Sector, the extended Link could be used to provide support for the Manby Sector.  This would be invaluable in
limiting the potential consequences of a subsequent contingency whenever critical items of equipment are out-of-
service for maintenance. 

7. Compatibility of the Link with the Options for Providing a 3rd Supply to Downtown Toronto

The initial John-to-Esplanade Link, since it employs elements that are common to both the 230kV ac Option and the
revised dc Option, would therefore be fully compatible with either Option.

If the John-to-Esplanade Link were to be extended through to Hearn SS, it would continue to be compatible with the
revised dc Option.  However, while it would no longer be compatible with the 230kV ac Option, it could form the
basis for a Hybrid ac-dc Option, the initial Stage of which is shown in Diagram Exec 6.

The arrangement proposed for the Hybrid ac-dc Option would have the added merit, when compared to the original
230kV ac Option, that it would allow a connection to the Leaside Sector to be maintained in-service permanently.  It
would also avoid the need to convert Esplanade TS to 230kV operation, at least initially.

8. Relative Merits of the 230kV ac Option & the dc Option

The 230kV ac Option (or the Hybrid ac-dc Option), since it would involve transferring between 300MW and
400MW of load from the Leaside Sector to the Manby Sector, would benefit from the development of new
generation capacity in the western GTA.  Without substantial new generation facilities in this area, the transfer of
the 300MW to 400MW of load would require additional 500/230kV auto-transformer capacity to be installed at
Claireville TS and the reinforcement of the 230kV transmission corridor between Richview TS and Manby TS.

The dc option, because it would provide separate controlled injections of power into the Leaside and Manby Sectors
from an external source would not require any changes to the existing transmission infrastructure in the GTA.  It
would also divert a portion of the existing transfers on the QFW Interface between Niagara and Middleport TS on to
the new cables under Lake Ontario.  This would ease the existing flow problems on the QFW Interface as well as on
the exiting 230kV transmission corridor between Burlington and Richview TS.

The IMO has concluded that both the 230kV ac Option (or the Hybrid ac-dc Option) and the revised dc Option
would satisfy the requirements for reinforcing the supply to Downtown Toronto.

It should also be noted that the Hybrid ac-dc Option and the revised dc Option would be fully compatible with the
Portlands Energy Centre, should it also be developed.

9. Recommendations

There were no specific IMO Requirements identified for the connection of the proposed John-to-Esplanade Link to
the IMO-controlled grid.

However, the IMO has made the following recommendations that it feels would enhance the performance of the
proposed John-to-Esplanade Link:

1. That a 115kV shunt capacitor bank be installed within the area supplied from Manby West TS to provide
support for the load that is to be transferred from the Leaside Sector via the proposed John-to-Esplanade Link.

The proposed locations are as follows, although alternative sites could be investigated:

• John TS Limited to 100MVAr at 127kV
(the same as the capacitor bank that is currently under construction)

• Manby West TS 125MVAr or higher  (up to an estimated maximum of approximately 200MVAr)
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2. That if the Portlands Energy Centre is developed, the 115kV switchyard at Hearn should be rebuilt so that it can
be operated closed when only half the new generating facility is available and when one of the auto-
transformers at Leaside TS has been removed from service.

It is also recommended that the new switchyard should be based on a breaker-and-a-third design and that the
new facilities should preferably be rated in accordance with the 63kA standard.

3. That if the Portlands Energy Centre is developed, the John-to-Esplanade Link should be extended through to
Hearn SS and terminated via a back-to-back dc converter to provide an interconnection that can remain
permanently in-service between the Manby and Leaside Sectors.

4. That the termination at John TS of the two circuits of the proposed John-to-Esplanade Link be configured to
allow two of the existing step-down transformers to be isolated on to the proposed Link and supplied from the
Leaside Sector.

5. That consideration be given to the installation of a Load Rejection Scheme in order to maximise the transfer
capability of the proposed Link under extreme emergencies.  This Scheme, when armed, would initiate
automatic rejection of all, or part, of the load being transferred in the event that a contingency should occur that
would result in overloading of any of the transmission facilities associated with Manby West TS that remain in-
service.

6. That once the location and capacity of any new generating facilities are announced in response the
Government's RFP, further detailed analysis should be undertaken to establish appropriate need dates for
addressing supply issues within the Manby and Leaside Sectors.

10. Conclusions

The IMO has therefore concluded that the development of the John-to-Esplanade Link would be an invaluable
addition to the supply infrastructure to Downtown Toronto, by providing a secure means of transferring load to the
Manby Sector whenever critical components within the Leaside Sector are unavailable.

However, in order not to jeopardise the supply to the western GTA in the event of a 500kV double-circuit
contingency during peak load periods, reinforcement of the western GTA, scheduled to coincide with the completion
of the John-to-Esplanade Link, will be essential if additional load is to be imposed on that part of the system.

With additional generating capacity incorporated into the western GTA, the transfer capability of the John-to-
Esplanade Link could be maximised through the use of a load-rejection scheme.  This would be particularly
beneficial should there be delays in reinforcing the Leaside Sector either through the incorporation of new
generation capacity in that Sector or the completion of new transmission facilities.

Should the Portlands Energy Centre be developed, then the extension of the initial John-to-Esplanade Link through
to Hearn SS would allow it to be used to provide crucial support for the Manby Sector.  Furthermore, it would allow
the Link to continue to be used for the secure transfer of smaller amounts of load to the Manby Sector whenever
only half the Portlands Energy Centre is operational.  If the initial John-to-Esplanade Link were not extended, then
transfers to the Manby Sector, during peak load periods, could only continue beyond the summer-2011 if the 115kV
busbar at Hearn SS were rebuilt and the recommended load-rejection scheme were to be available.

11. Customer Impact Assessment

Hydro One has notified the IMO that Toronto Hydro-Electric System Ltd. was a joint participant in the study to
determine suitable reinforcement for the existing facilities supplying Downtown Toronto.  The joint study addressed
all of those concerns that would normally be addressed through the Customer Impact Assessment (CIA).  

Since Toronto Hydro-Electric System Ltd. would be the only customer directly affected by the facilities in the initial
phases, a formal CIA will therefore not be required for this Project.
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12. Notification of Approval

The IMO has determined that the proposed John-to-Esplanade Link, as well as its possible extension through to
Hearn SS and its termination via a back-to-back dc converter, would have no adverse impact on the IMO-controlled
grid and it is therefore recommended that a Notification of Approval to Connect should be issued for these related
Projects.

Approval for the remainder of Stage 1 and all of Stage 2 of the 3rd Supply to Downtown Toronto will require further
analysis and it is proposed that this should be deferred until it becomes clearer which Projects, and in particular
those related to new generating capacity, are expected to be developed.
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SIA REPORT FOR A 3rd SUPPLY TO DOWNTOWN TORONTO

HYDRO ONE NETWORKS Inc.: 3rd SUPPLY TO DOWNTOWN TORONTO

SYSTEM IMPACT ASSESSMENT REPORT

1. General

In the Preliminary Assessment Report for the Terauley Project (issued on 22nd March 2002), the IMO identified
concerns regarding the continued reliability of the supply to downtown Toronto due to thermal limitations on the
existing 115kV transmission facilities in the Leaside Sector.

These concerns were restated in the 2002 version of the 10-Year Outlook together with a recommendation that
Market Participants considering projects that could possibly address these concerns should submit their proposals
for assessment as early as possible.

Hydro One Networks Inc. responded with a proposal to establish a 3rd Supply to the Downtown Toronto area.  Two
distinct options for establishing this new, 3rd supply were proposed:

i. 230kV ac Option

Involving a new 230kV connection from the existing transmission system in the Manby Sector, and the
conversion of John TS & Esplanade TS to 230kV operation so that they can be supplied from the new
supply.  In addition, the new 230kV facilities capacity are to include adequate capacity to supply the new
loads that are expected to emerge as the Railway Lands and Port Lands are developed.

The transfer of some of the existing loads to the new 230kV supply will reduce the present loading on the
existing transmission facilities in both the Manby & Leaside Sectors, thereby providing scope within the
existing facilities for additional load growth in both of these Sectors. 

ii. dc Option

Involving two new dc submarine cable connections from Beck 2 GS in the Niagara area to the downtown
area of Toronto.  The first dc connection is to terminate on to the 115kV busbars at both Hearn SS (Leaside
Sector) and John TS (Manby Sector), while the second dc connection is to terminate only on to the Hearn
115kV busbar.

By providing direct injections into the remote ends of both the Leaside & Manby Sectors, the dc
connections will also reduce the loading on the existing facilities in these two Sectors, providing scope for
future load growth.
 

However, since the original application for a Connection Assessment was submitted, a number of system changes
have occurred which have affected Hydro One's plans.  In particular Hydro One is now proposing to develop an
initial phase of the 3rd Supply Plan that would involve the construction of a Link between John TS and Esplanade
TS.  This Link, which it is planned to have in-service by the spring-2007, would be designed so that it would be
compatible with whichever Option is eventually selected for providing the 3rd Supply to Downtown Toronto.

In addition, the Government of Ontario has announced that it is intending to seek proposals for the development of
new generation capacity within the GTA.

The Assessment has therefore examined the following:

• The impact of the proposed Link between John TS & Esplanade TS on the performance of the Manby &
Leaside Sectors.

• The effect of the development of any new generation capacity in the Manby & Leaside Sectors on the
performance of this Link.

• The impact on the IMO-controlled grid of adopting the 230kV ac Option to provide a 3rd Supply to
Downtown Toronto, and

• The impact on the IMO-controlled grid of adopting the dc Option.
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2. Introduction

The existing supply infrastructure for Downtown Toronto is based on two, essentially independent, sources; Manby
TS in the west; and Leaside TS in the east.  The location of these Sectors, in relation to the rest of the system that
supplies the Greater Toronto Area is shown in Diagram 1.

Diagram 2 provides details of the existing transmission facilities in the Manby Sector, while Diagram 3 provides the
details for the Leaside Sector.

It should be noted that while the existing facilities allow for the transfer of a limited amount of load between the two
Sectors, these Sectors cannot be operated permanently interconnected because the resulting fault levels would
exceed the fault interrupting capability of the existing switchgear in the area.

Terauley TS

As shown in Diagram 4, Terauley TS is operated normally-open so that approximately half of the load at that
location is supplied from Cecil TS, while the remainder is supplied from Hearn SS, via Esplanade TS.  This
operational arrangement (the quartering of Terauley TS) became necessary when the peak load at Terauley TS
exceeded the thermal rating of each of the 115kV cables between Cecil TS and Terauley TS.

Prior to the quartering of Terauley TS, when circuits C5E & C7E were operated closed, all of the load would have
been supplied from Cecil TS and a subsequent contingency involving one of the 115kV circuits between Cecil TS
and Esplanade TS would have overloaded its companion.  This would have resulted in a complete supply
interruption to the entire load at Terauley TS.

However, with Terauley TS operated split, approximately half the load at Terauley TS is now supplied from Hearn
SS resulting in a corresponding increase in the loading on the circuits between Leaside TS and Hearn SS.  This has
aggravated the effect of contingencies involving these circuits, resulting in possible post-contingency overloading of
the remaining circuits.

Cooksville TS

Once Lakeview GS ceases operations in April 2005, the connections to Lakeview GS from Applewood Junction will
no longer be needed to accommodate the output from that generating facility.  However, since the connection
between Richview TS and Lakeview GS, via Applewood Junction (circuit L24CR), provides an alternative
connection into Manby TS, it is critical that this connection remains available, particularly under contingency
conditions involving the circuits that are routed directly to Manby TS from Richview TS.

Hydro One has submitted a plan, and received IMO approval for a new 230kV busbar to be established at
Cooksville TS and for the 230kV connections at Applewood Junction to be reconfigured, as shown in Diagram 5.
This will effectively transfer the common connection point between the various 230kV circuits, from Lakeview GS
to Cooksville TS.  This would then ensure that the alternative connections into Manby TS would remain available
while allowing the existing connections between Applewood Junction and Lakeview GS to be taken out-of-service
and left idle.

In addition, Hydro One is proposing to install series capacitors in the 230kV circuit between Richview TS and
Cooksville TS (circuit L24CR) to reduce its effective impedance.  This will result in an increased flow on this circuit
and a corresponding decrease in the flows on the circuits that are routed directly into Manby TS from Richview TS.
As discussed later in this Report, the inclusion of the series capacitors in circuit L24CR is especially important
since, following the shutdown of Lakeview GS in 2005, they will allow the transfer of load from the Leaside Sector
under emergency conditions to continue.

The planned in-service date for the new facilities at Cooksville TS is the end-2005.
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3. Possible Options for Increasing the Load Meeting Capability to Downtown Toronto

A number of possible Options have been considered for enhancing the capability of the existing system to provide a
reliable supply to the increasing load in downtown Toronto.

i. Reinforcing the Existing Transmission Facilities

Reinforcing the existing transmission facilities in the respective supply corridors and also within the Manby &
Leaside Sectors to increase their load-meeting capability would result in further increases in the very high fault
levels that currently exist within the downtown area.  These increases would be expected to trigger the extensive
replacement of breakers, buswork and underground cables.  While the costs for this work would be substantial, it
would also take a significant amount of time to complete, primarily because of the difficulty of scheduling outages
while ensuring that an adequate supply is maintained.

ii. Installing Generation Capacity within the Downtown Core

Two proposals to install new generating capacity in the Downtown Core have been the subject of assessments by the
IMO:

• The Portlands Energy Centre Project
(An initial PA Report was issued on 21st June 2002 & an Addendum to the PA Report was subsequently
issued on 7th May 2003.)

This Project would involve the installation of approximately 700MVA (550MW) of new generating
capacity on the site of the original Hearn generating station.  It is proposed to incorporate the new
generating capacity into the existing 115kV busbar at Hearn SS.

• The Boralex-Portlands Generation Project
(The PA Report for the first option was issued on 29th September 2002.)

This Project would involve the installation of approximately 220MVA (180MW) of new generating
capacity at the Paperboard Industries Corporation site on Commissioners Road, in the Portlands area of
downtown Toronto.  It is proposed to incorporate the new generating capacity either -

i. on to the 115kV circuits H1L & H3L, at Basin TS, or

ii. into John TS, via a cabled connection from the Commissioners Road site. 

The original PA Reports for each Project identified major fault level issues at Leaside TS that would have
required the existing 115kV switchyard to be rebuilt.  In addition, numerous breakers at Hearn SS together with
the associated 115kV buswork, would also have had to be replaced.

Alternative Connection Arrangement for the 550MW Portlands Energy Centre

An alternative system arrangement was subsequently identified that would allow the Portlands Energy Centre to
be connected to the Hearn 115kV busbar while avoiding the need to replace any of the existing 115kV breakers
at Leaside TS or Hearn SS.  The details of the IMO's assessment of this arrangement are contained in the
Addendum to the original PA Report for the Portlands Energy Centre that was issued on 7th May 2003.

The proposed incorporation arrangement for the Portlands Energy Centre is shown in Diagrams 6 & 7.

This would also involve interchanging the terminations of the 230kV circuits, C3L & C17L, at Leaside TS to
avoid the simultaneous loss of two of the auto-transformers connected to the western half of the Leaside busbar.
While this is a concern for the existing system with the 115kV busbar at Hearn operated closed, the situation
would become even more acute once the Hearn 115kV busbar is operated vertically split, particularly when
only half the Portlands Energy Centre is operational.
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Furthermore, with the Hearn 115kV busbar operated vertically split at breaker positions 6P7 and 2A3, it would
also be necessary to operate with the two, in-line circuit switchers at Terauley TS, that have been shown as
normally-open in Diagram 3, in the closed position.  This arrangement would ensure that a double-circuit
contingency involving the two overhead-line circuits, H6LC & H8LC, would not result in the entire load at
Esplanade TS and half of the load at Terauley TS being isolated.

However, with the two in-line circuit switchers at Terauley TS operated closed and with no generation capacity
in-service at Hearn SS, the combined flow on circuits C5E & C7E from Cecil TS during peak load periods
would be sufficient to overload the companion circuit should either circuit C5E or C7E suffer a contingency.

(Which was the reason that Hydro One undertook the recent work at Terauley TS to install the two new 115kV
circuit switchers in order to allow the 115kV busbars at Terauley TS to be operated open.  With these busbars
open, the load would be distributed between the two circuits from Cecil TS and the two circuits from Esplanade
TS, thereby avoiding overloading of the remaining circuit in the event of a contingency involving the
companion circuit.)

With Terauley TS operated closed and with generation capacity connected to the western half of the Hearn split
busbar, the load at Esplanade TS together with a portion of the load at Terauley TS would be supplied from the
new generating facilities, reducing the flows on circuits C5E & C7E from Cecil TS.  This would subsequently
minimise the risk of overloading should either circuit C5E or C7E be out-of-service due to a contingency.

Since there could be occasions when only one of the gas-turbine/steam-turbine 'trains' is in-service, then to
ensure that some generation capacity would always be connected to the critical western half of the Hearn 115kV
busbar when it has to be operated split, an asymmetrical incorporation arrangement has been proposed.  With
this arrangement the two 190MW gas-turbine units would be connected to the western half of the Hearn 115kV
busbar and the two 85MW steam-turbine units would be connected to the eastern half.

During those periods when the entire Portlands Energy Centre is out-of-service, the reduced fault levels would
allow the 115kV busbar at Hearn SS to be operated closed, which would then allow the 115kV busbars at
Terauley TS to be operated open.

This proposed arrangement for incorporating the Portlands Energy Centre relies 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, so that the combined flow on these circuits remains within the
continuous rating of just one of them.  Without this reduction in the combined flow, it would not be possible to
operate with the 115kV busbars at Terauley TS closed due to the risk of post-contingency overloading of circuit
C5E or C7E.  However, with increasing growth in the loads at Esplanade TS and Terauley TS, the extent by
which the combined flow will be reduced as a result of incorporating the new generating capacity, will
diminish.

Consequently, while there would be some immediate benefits for the supply to downtown Toronto from
incorporating the Portlands Energy Centre into the Hearn 115kV busbar using the arrangement proposed in
the Addendum to the PA Report, further increases in the loads in the western portion of the Leaside Sector
would tend to erode these benefits.  

180MW Boralex-Portlands Generation Project

Although the proposed alternative connection arrangement would allow the 550MW Portlands Energy Centre to
be incorporated into the Leaside Sector without requiring breakers to be replaced at Leaside TS and Hearn SS,
there would no opportunity to connect further generation capacity into that Sector, for the following reasons:

• To allow the Hearn 115kV busbar to be operated split (thereby minimising fault levels) sufficient
generating capacity would need to be connected to the western half of the Hearn busbar to ensure that the
flows on circuits C5E & C7E continue to be reduced when only the 'additional' generating capacity is in-
service.   This would mean connecting the entire Boralex-Portlands Generation Project to the western half
of the Hearn busbar.
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• Incorporating an additional 180MW of generating capacity into the western half of the Hearn busbar would
exceed the transfer capability of the existing transmission system.  It would also increase the fault levels at
Leaside TS and at Hearn SS beyond the rating of the existing breakers, requiring numerous breakers to be
replaced.

• To allow the full transfer capability of the existing 115kV circuits that terminate on to the Hearn 115kV
busbar to be utilised so that both generation Projects could be incorporated would require the Hearn 115kV
busbar to be operated closed.  The resulting increase in the fault levels at both Hearn SS and Leaside TS
would require the existing 115kV switchyards at these locations to be rebuilt.  In addition, some of the
existing 115kV underground cables would also need to be replaced.

Not only would the replacement of the existing facilities be expensive, but it would also be very time-
consuming due to the difficulty of obtaining the outages required for this work without jeopardising the
supply to downtown Toronto.

iii. Installing a third supply into downtown Toronto

In order to avoid the serious fault level problems associated with the existing transmission facilities, while
minimising any disruption of the existing supply, Hydro One has proposed two Transmission Options for the
enhancement of the supply capability to downtown Toronto.

Option 1 -

Involves the installation of a 230kV ac supply with a capacity of 1000MW from the existing 230kV facilities at
Manby TS into downtown Toronto.  Esplanade TS, which is presently supplied from the 115kV system in the
Leaside Sector, would then be transferred to the new 230kV supply.  Similarly, John TS, which is presently
supplied from the 115kV system in the Manby Sector, would also be transferred to the new 230kV supply.  A
new supply point, Roundhouse TS, would also be established and connected to the new 230kV supply.  This
new TS would initially provide an interim supply point for the loads at Esplanade TS and John TS, while these
TSs were being converted to 230kV stations.  It would then be used to supply the load that is expected to arise
with the development of the Railway Lands.

The transfer of John TS to the new 230kV supply would relieve the loading on the three 230/115kV auto-
transformers at Manby West TS.  In order to provide further relief for the existing facilities in the Leaside
Sector, Hydro One’s proposal includes provision for the transfer of half the load at Terauley TS to the 115kV
supply in the Manby Sector.

The subsequent reduction in the load supplied from the Leaside Sector (following the transfer of the load at
Esplanade TS and half the load at Terauley TS) would allow two of the 230kV circuits between Cherrywood TS
and Leaside TS to be operated normally-open at their Leaside terminals, thereby reducing the fault level within
the Leaside Sector.

Diagram 8 shows the proposed arrangement for the 230kV ac Option.

Option 2 - (As originally proposed)

Involves the installation of two dc monopolar connections, each with a rating of 500MW, between Beck 2 TS in
Niagara and Hearn SS.  One connection would be terminated at Beck 2 GS and at Hearn SS through converter
banks rated at 500MW.  The companion connection would be three-ended with a 500MW converter bank at
Beck 2 TS and two separate 300MW converter banks at Hearn SS; one for the connection to the Leaside Sector
via Hearn SS; and the other to the Manby Sector via John TS.

Additional 115kV circuits would also be installed between John TS and the 300MW converter associated with
the Manby Sector, via Roundhouse TS.  This enhanced 115kV connection between the Manby and Leaside
Sectors, via the back-to-back converters at Hearn SS, would also allow additional support to be provided from
one Sector to the other under outage conditions.
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Since there would be only a minimal contribution to the fault levels from the new dc connections, no major
changes would be required to the existing facilities in the Leaside and Manby Sectors.  However, as with the
a.c. Option, Hydro One is proposing to operate with two of the 230kV circuits between Cherrywood TS and
Leaside TS normally-open at their Leaside terminals, thereby reducing the existing high fault levels within the
Leaside Sector.

Diagram 9 shows the proposed arrangement for the dc Option.

4. Establishing an Initial Link Between John TS and Esplanade TS

Diagrams 8 & 9 show that some of the proposed facilities between John TS and Esplanade TS would be a common
feature of both the 230kV ac Option and the dc Option.

Hydro One is therefore proposing to advance the construction of these common facilities to the spring-2007, to
enhance the interim transfer capability between the Leaside and Manby Sectors.

If the 230kV ac Option were then adopted for the 3rd Supply, this initial section between John TS and Esplanade TS
would be extended back to Manby TS.  The existing 115/13.8kV facilities at both Esplanade TS and John TS would
be replaced with new 230/115kV facilities, allowing these loads to be transferred from the Manby and Leaside
Sectors to the new 3rd Supply.

If the dc Option were to be adopted for the 3rd Supply, this initial section would be extended from Esplanade TS to
Hearn SS and a back-to-back dc converter installed to allow injections of power to be made into the Manby Sector
from the proposed dc connections from Beck 2 GS.

Diagram 10 shows the proposed configuration of this initial Link between John TS and Esplanade TS.

This Link would consist of two new 230kV cabled circuits between John TS and Esplanade TS, with provision for a
third cabled connection should the 230kV ac Option be adopted for the 3rd Supply to Downtown Toronto.

The two circuits would be connected to the existing 115kV busbar at John TS via individual disconnect switches.
At Esplanade TS, each circuit would be terminated on to one of the existing Terauley-to Esplanade circuits via a
115kV circuit-switcher.  These circuit-switchers would allow a temporary parallel to be made between the Leaside
and Manby Sectors whenever load was to be transferred from one Sector to the other, thereby avoiding the need for
a supply interruption.

Although a new circuit-switcher has also been shown in circuit H2JK to facilitate the transfer of the load at
Esplanade TS to the Manby Sector, this will not be part of the plan, for the reasons explained later in this Report.

5. Supply Limitations of the Existing Transmission Facilities

Forecast Loads

All of the analysis has been performed using the normal-weather (weather-corrected) values for the summer-2008
that have been provided by Toronto Hydro in their latest load forecast, issued in January 2004.

5.1 MANBY SECTOR

The Manby Sector consists of two sub-divisions -

• Manby East TS, which supplies the loads at Fairbank TS, Runnymede TS & Wiltshire TS, via three
230/115kV auto-transformers.

Under emergency conditions either the load at Dufferin TS, or the load at Dufferin TS together with the
load at Bridgman TS, can be transferred to Manby East TS. 
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• Manby West TS, which supplies the loads at Strachan TS & John TS, via three separate 230/115kV auto-
transformers.

Under emergency conditions, approximately one third of the load at Esplanade TS (equivalent to
approximately 60MVA during the peak load period for the summer-2008) can presently be transferred to
Manby West TS via the 115kV circuit H2JK.

However, since the transferred load would be supplied via only a single circuit, there are concerns
regarding supply reliability whenever this arrangement is implemented because any contingency involving
this circuit between Manby West TS and Hearn SS would result in a supply interruption.

Diagram 11 shows the flow distribution that would be expected to occur during the peak load period for the
summer-2008, following the completion of the work planned for Cooksville TS, and with all elements in-service.

This shows a combined loading on the three auto-transformers at Manby East TS and Manby West TS of 370MVA
and 458MVA, respectively.  It also shows combined loadings on the 115kV circuits from Manby East TS and
Manby West TS of 353MVA and 426MVA, respectively.

Available Auto-transformer Capacity

Since a permanent fault involving one of the auto-transformers at each of Manby TSs could require an extended
outage for it to be replaced, then the combined 10-day limited-time-rating of the remaining two units would have to
be greater than the transfer through each respective TS if load interruptions are to be avoided.

The ratings for the auto-transformers at Manby TS are shown on Diagram 12, together with the ratings for the
principal circuits that comprise the Manby Sector.

Since each auto-transformer at Manby TS has a slightly different impedance as well as a different amount of load
connected to its tertiary winding, the respective transfers through the three auto-transformers at Manby East TS and
at Manby West TS are not identical.  Furthermore, since the thermal ratings for each of these auto-transformers are
also different, then the 10-day limited-time-rating for either Manby East TS or Manby West TS, when one auto-
transformer at each location is out-of-service, will depend on the actual units that remain in-service.

Following consultation with Hydro One, it has therefore been decided that, for the purpose of this assessment,
the 10-day limited-time-ratings to be used for the auto-transformers at Manby East TS and Manby West TS,
would be 560MVA & 630MVA, respectively. 

Since the peak transfers through Manby East TS & Manby West TS (as shown in Diagram 11) are expected to total
370MVA and 458MVA, respectively during the summer-2008, then the margin that would be available to
accommodate load transfers (together with the resulting increased losses), while being able to respect the loss of one
of the auto-transformers at each location, would be approximately as follows:

• Manby East TS Available Margin 560MVA - 370MVA = ~ 190MVA
• Manby West TS Available Margin 630MVA - 460MVA = ~ 170MVA

5.1.1 System Constraints on the Transfer of Loads to the Manby Sector

i. Manby East TS

Diagram 13 shows the 115kV transmission facilities associated with Manby East TS.  It also includes those facilities
to the east of the normally-open points at Wiltshire TS in the 115kV circuits L13W, L14W & L15W.  With this
arrangement, the DESN station loads at Bridgman TS and Dufferin TS are therefore traditionally connected to, and
supplied from, the Leaside Sector. 
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The Diagram also shows the positions to which the normally-open points could be relocated so that the following
loads could be transferred to Manby East TS:

• The load at Dufferin TS ~ 140MVA
(with normally-open points introduced at the disconnect switches L13W-32, L14W-32 & L15W-32)

• The combined load at Dufferin TS and Bridgman TS ~ 325MVA
(with normally-open points introduced at the disconnect switches L13W-34 & L14W-34)

Since the transfers to Manby East TS during peak load periods must be limited to approximately 190MVA, to
respect the 10-day limited-time-ratings of the remaining auto-transformers when one unit is out-of-service, and since
the combined load at Dufferin TS and Bridgman TS would exceed this figure, then it would therefore only be
possible to transfer the load at Dufferin TS during these periods.

ii. Manby West TS

Diagram 14 shows the existing 115kV transmission facilities associated with Manby West TS, together with the
proposed Link between John TS and Esplanade TS.

With the existing arrangement, with only a single 115kV connection between John TS and Esplanade TS, limited
transfers can be made from the Leaside Sector to the Manby Sector via the 115kV circuit H2JK.  Since these
transfers involve connecting one of the three step-down transformers at Esplanade TS on to John TS supply, they are
restricted to approximately one third of the total load at that TS.  However, since this arrangement involves only a
single 115kV circuit, any contingency involving this circuit while it is connected through to Manby West TS would
therefore result in a supply interruption to all of the load connected to the associated step-down transformer, T11.

The Diagram also shows the proposed Link between John TS and Esplanade TS.  With the 115kV busbar at Hearn
SS operated CLOSED and with the 115kV busbars at Terauley TS operated OPEN, then this Link would allow the
following load transfers to be made:
 
• Half the load at Terauley TS ~ 115MVA (104MW at 0.9pf)

with circuit H2JK OPEN at John TS, and
with both 115kV breakers, C5E & C7E, OPEN at Esplanade TS.

• Half the load at Terauley TS together with the entire load at Esplanade TS ~ 300MVA (270MW at 0.9pf)
with circuit H2JK CLOSED at John TS, and
with the 115kV breakers H5E, H7E & H2JK OPEN at Hearn SS.

• The entire load at Esplanade TS ~ 185MVA (166MW at 0.9pf)
with circuit H2JK CLOSED at John TS,
with the 115kV breakers H5E, H7E & H2JK OPEN at Hearn SS,
with normally-open points introduced at the disconnect switches C5E-36 & C7E-36 at Terauley TS, and
with the 115kV busbars at Terauley TS to be operated CLOSED.

Since this final arrangement would require the entire load at Terauley TS to be supplied via the two cabled
circuits from Cecil TS, the load at Terauley TS would need to be less than the rating of one of these circuits
so that a contingency involving either of them would not overload the companion circuit.

However, since the transfers to Manby West TS during peak load periods must be limited to approximately 170MVA
to respect the 10-day limited-time-ratings of the remaining auto-transformers when one unit is out-of-service, and
since the load at Esplanade TS would exceed this figure, then it would therefore only be possible to transfer half the
load at Terauley TS during these periods.
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5.1.2 Capability of the 230kV & 115kV Transmission Facilities in the Manby Sector to Accommodate Transfers

From the preceding discussion it has been concluded that, if the 10-day limited-time-ratings of the 230/115kV auto-
transformers at Manby East TS & Manby West TS are to be respected under contingency conditions involving the
loss of a single auto-transformer, then it would only be possible to transfer the following loads from the Leaside
Sector to the Manby Sector during peak load periods:

• the entire load at Dufferin TS to Manby East TS, and
• half the load at Terauley TS to Manby West TS

However, this assumes that the 230kV and 115kV transmission facilities in the Manby Sector would be able to
accommodate these transfers without exceeding their emergency ratings under contingency conditions.

Additional studies were therefore performed to examine the performance of the 230kV & 115kV transmission
facilities, under both normal and contingency conditions, with the simultaneous transfer of these loads to the
respective 115kV busbars at Manby TS.

The results of these studies have been summarised in the following Diagrams:

Diagram 15: With the load at Dufferin TS (~ 125MW) and half of the load at Terauley TS (~ 105MW)
transferred to the Manby Sector

For this arrangement, the combined loading that would appear on the three auto-transformers at Manby West
TS and at Manby East TS are shown as approximately 590MVA and 520MVA, respectively.  These loadings
would represent increases of approximately 134MVA & 147MVA at Manby West TS & Manby East TS,
respectively, compared to the loadings obtained for the summer-2008 condition with no transfers from the
Leaside Sector (Diagram 11).

Similarly, the combined flows on the 115kV circuits from Manby West TS & Manby East TS are shown to be
544MVA  & 488MVA, respectively.

Comparing Diagram 11 (with no load transferred) with Diagram 15 (with approximately 230MW of load
transferred from the Leaside Sector) shows that this load transfer would result in a voltage reduction of
approximately 3kV on the 115kV system of the Manby Sector.

Diagram 16: Response to Individual Single-circuit Contingencies Involving the 115kV Circuits H2JK
(Manby West TS) & K11W (Manby East TS)

Because the 115kV systems supplied from Manby West TS and Manby East TS are independent, single-circuit
contingencies involving the Manby West circuit H2JK & the Manby East circuit K11W were examined as a
single study and the results have been summarised in this Diagram.

The post-contingency flows that were obtained are summarised in the following Table:
 

Circuit Post-contingency Flows Emergency Rating
Manby East TS

K12W 185.3MVA
K3W 154.2MVAK11W Contingency
K1W 154.2MVA

186MVA

Manby West TS
K14J 178.6MVA
K13J 178.6MVA

186MVA
H2JK Contingency

K6J 211.2MVA 249MVA
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These results show that, with the weather-corrected peak loads that have been forecast for the summer-2008,

• The 115kV facilities associated with Manby East TS would be barely adequate to respect the emergency
ratings of the remaining circuits, following a single-circuit contingency, if the entire load at Dufferin TS
[139MVA (125MW at 0.9 pf)] were to be transferred to it. 

Consequently, any future load growth at Fairbank TS, Runnymede TS and Wiltshire TS would restrict the
ability of the 115kV facilities associated with Manby East TS to accommodate the transfer of the load at
Dufferin TS, during peak load periods.
 

• The 115kV facilities associated with Manby West TS would be able to respect the emergency ratings of the
remaining 115kV circuits, following a single-circuit contingency, if half of the load at Terauley TS
[117MVA (105MW at 0.9 pf)] were to be transferred to it.

However, while there would still be some margin available (~ 7MVA) on the 115kV circuits K13J & K14J,
any future load growth at Strachan TS and John TS, or at Terauley TS, would be expected to restrict the
ability to transfer half the load at Terauley TS to Manby West TS during peak load periods. 

It should also be noted that an outage of one of the 115kV circuits associated with Manby West TS would result
in a depressed voltage profile and an increase in the reactive power losses to 62MVAr.  Furthermore,
approximately 5MVAr of these increased losses could be attributed directly to the capacitor bank at John TS,
whose output would be reduced as a direct result of the depressed voltage at that location (from 117.4kV to
114.2kV).

These increased reactive power losses would have the effect of increasing the combined post-contingency flow
on the remaining 115kV circuits associated with Manby West TS by approximately 24MVA, or 8MVA per
circuit.  This additional increase in the post-contingency flow (beyond that resulting from the redistribution of
the pre-contingency flow on the faulted circuit) would directly affect the capability of the 115kV transmission
facilities associated with Manby West TS to accommodate transfers from Terauley TS.

These increased losses would also result in increased transfers through the auto-transformers at Manby West
TS, which show an increase in their combined post-contingency flow of 30MVA.

The voltage at Terauley TS would also be a concern since, at only 113.8kV it would be only marginally above
the Market Rule minimum of 113kV.

An additional study was performed to examine the effect of contingencies involving the auto-transformers at Manby
East TS and Manby West TS.

Diagram 17: Response to Individual Contingencies Involving the Auto-transformers T1 (Manby West TS)
& T8 (Manby East TS)

As before, because the 230/115kV auto-transformers and 115kV transmission facilities associated with Manby
West TS and Manby East TS are independent, contingencies involving the T1 auto-transformer at Manby West
TS and the T8 auto-transformers at Manby East TS were examined as a single study and the results have been
summarised in this Diagram.

These results show that the margin on the auto-transformers that would be available to accommodate future load
growth, including losses, would be approximately as follows:

• Manby East TS ~ 20MVA [2 x (279MVA - 268.6MVA)]
• Manby West TS ~ 15MVA [2 x (306MVA - 298.2MVA)]
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Comparing the results in Diagram 15 with those in this Diagram shows that the combined transfers through the
auto-transformers at Manby West TS and Manby East TS would increase by approximately 34MVA and
21MVA, respectively.  While part of this difference would be due to the higher load supplied from Manby West
TS (~ 570MVA) than from Manby East TS (~ 520MVA), the reduced voltage profile across the 115kV system
associated with Manby West TS and the correspondingly lower output from the capacitor bank at John TS,
would have a significant impact.

5.1.3 Effect of Installing 115kV Capacitor Banks at Manby TS

The studies were repeated to examine the effect that an additional 115kV capacitor bank at Manby East TS and
Manby West TS would have on the post-contingency performance of the Manby Sector.  A nominal rating of
125MVAr at 127kV was assumed for the two banks.

The results have been summarised in the following Diagrams:

Diagram 18: With the load at Dufferin TS (~ 125MW) and half of the load at Terauley TS (~ 105MW)
transferred to the Manby Sector

The results in this Diagram should be compared with those in Diagram 15.

Diagram 19: Response to Individual Single-circuit Contingencies Involving the 115kV Circuits H2JK
(Manby West TS) & K11W (Manby East TS)

The results in this Diagram should be compared with those in Diagram 16.

Diagram 20: Response to Individual Contingencies Involving the Auto-transformers T1 (Manby West TS)
& T8 (Manby East TS)

The results in this Diagram should be compared with those in Diagram 17.

The results in the above Diagrams show that the additional capacitor banks would reduce the transfers through
230/115kV auto-transformers at both Manby East TS and Manby West TS, providing additional margin to
accommodate load transfers.  In additional, they would improve the pre- and post-contingency voltage profiles on
the 115kV system.

However, only the capacitor bank associated with Manby West TS would result in any worthwhile reduction in the
flows on the 115kV circuits and this would be due primarily to the increased reactive power output from the
capacitor bank at John TS in response to the higher voltage, both pre- and post-contingency.

Alternative Location of the 115kV Capacitor Bank for the Manby West area 

Additional studies were performed to examine the effect of locating the recommended 115kV capacitor bank at John
TS rather than at Manby West TS.

The results with a second 100MVAr capacitor bank, identical to the unit that is currently being installed at John TS,
are summarised in the following Diagrams: 

Diagram 21: With the load at Dufferin TS (~ 125MW) and half of the load at Terauley TS (~ 105MW)
transferred to the Manby Sector

Diagram 22: Response to Individual Single-circuit Contingencies Involving the 115kV Circuits H2JK
(Manby West TS) & K11W (Manby East TS)

Diagram 23: Response to Individual Contingencies Involving the Auto-transformers T1 (Manby West TS)
& T8 (Manby East TS)
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Comparing the results in Diagram 21 (with the new capacitor bank at John TS) with those in Diagram 18 (with it
installed at Manby West TS) shows that there would be a very slight increase in the flows through the auto-
transformers (~ 1MVA per auto-transformer).  However, the combined flow through all four 115kV circuits at
Manby West TS would decrease from 539.3MVA to 523.7MVA: a reduction of ~ 15MVA.  Since the loadings on
the 115kV circuits are at a more-critical level than those through the auto-transformers, this would be a significant
benefit.

Similarly, comparing the results for the 115kV contingency conditions that are summarised in Diagram 22 with
those in Diagram 19 (with the capacitor bank at Manby West TS) shows that relocating the capacitor bank to John
TS would result in an increase of approximately 14MVA in the combined post-contingency flow through the auto-
transformers.  However, the combined post-contingency flow through the three remaining 115kV circuits would
show a decrease of approximately 26MVA.

For a contingency involving one of the auto-transformers at Manby West TS, a comparison of the results shows that
the relocation of the capacitor bank from Manby West TS to John TS would result in an increase the combined post-
contingency flow through the remaining two auto-transformers by approximately 5MVA while reducing the
combined flow through the 115kV circuits by approximately 16MVA.

The following Table summarises the effect that installing additional 115kV capacitor banks would have on the
transfers through the 230/115kV auto-transformers and the 115kV circuits at Manby West & Manby East TS.

Comparison of the Transfers in the Manby Sector with New 115kV Capacitor Banks Installed at Manby TS
Manby East Manby West

Auto-transformers 115kV Circuits Auto-transformers 115kV Circuits
With no new Capacitor Banks 517.8MVA 488.4MVA 591.4MVA 544.2MVA
With new 115kV Capacitor Banks
i.  Both at Manby TS 497.1MVA 487.0MVA 556.1MVA 539.3MVA

Difference -20.7MVA -0.6MVA -35.3MVA -4.9MVA
ii.  At Manby East & John TS 559.0MVA 523.7MVA

ii. - i.  Difference
No change - results as above

+2.9MVA -15.6MVA

With the 115kV Circuits H2JK (Manby West TS) & K11W (Manby East TS) Out-of-Service
With no new Capacitor Banks 525.4MVA 494.4MVA 621.6MVA 568.4MVA
With new 115kV Capacitor Banks
i.  Both at Manby TS 499.8MVA 493.4MVA 562.3MVA 561.2MVA

Difference -25.6MVA -1.0MVA -59.3MVA -7.2MVA

ii.  At Manby East & John TS 576.2MVA 535.1MVA
ii. - i.  Difference

No change - results as above
+13.9MVA -26.1MVA

With the 230/115kV Auto-transformers T8 (Manby West TS) & T1 (Manby East TS) Out-of-Service
With no new Capacitor Banks 538.1MVA 488.5MVA 625.7MVA 548.7MVA
With new 115kV Capacitor Banks
i.  Both at Manby TS 510.8MVA 487.8MVA 577.8MVA 541.0MVA

Difference -27.3MVA -0.7MVA -47.9MVA -7.7MVA
ii.  At Manby East & John TS 582.9MVA 524.6MVA

ii. - i.  Difference
No change - results as above

+5.1MVA -16.4MVA
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It is therefore concluded that to increase the capability to transfer load to Manby West TS, the new capacitor bank
could be located either at Manby West TS or at John TS.

However, while relocating the capacitor bank to John TS would result in reduced post-contingency flows through
the remaining 115kV circuits, following the loss of one of those circuits, it would also result in an increase in the
post-contingency flows through the two remaining auto-transformers, following the loss of one of those units.

It should also be noted that while it would be possible to install a capacitor bank rated at more than 125MVAr at
Manby West TS, due to the higher fault level at that location, the maximum size that could be installed at John TS
would be limited to 100MVAr.  This would ensure that the voltage change that would occur when switching the
capacitor bank would not exceed the 4% limit stipulated in the Market Rules

5.1.4 Performance of the 115kV Transmission Facilities & the 230/115kV Auto-transformers at Manby TS

The results from the preceding studies can be summarised as follows:

Manby East TS:

115kV Transmission Facilities -

These are only expected to be capable of accommodating the transfer of the peak weather-corrected load for the
summer-2008 at Dufferin TS.

With future load growth, or with the expected increase in the load that would occur during extreme-weather
conditions, overloading of the remaining circuits would occur under contingency conditions.

230/115kV Auto-transformers -

Approximately 20MVA of capacity (10MVA per auto-transformer) would remain available within the 10-day
limited-time-rating of the auto-transformers to accommodate additional transfers beyond the 138MVA transfer
that was studied.

This could be increased to approximately 45MVA by installing a 125MVAr shunt capacitor bank on the 115kV
busbar at Manby East TS.

Manby West TS:

115kV Transmission Facilities -

With half the load at Terauley TS transferred to Manby West TS, the margin between the post-contingency flow
(with one of the 115kV circuits out-of-service) and the emergency rating of each of the two critical circuits,
K13J & K14J, would be approximately 5MVA per circuit.  After allowing for the forecast increase in the loads
that are normally supplied from Manby West TS, it is expected that the combined margin of 15MVA would be
sufficient to accommodate the transfer of half the peak weather-corrected load for the summer-2009 at Terauley
TS.

However, with the forecast increase of 10MVA in the loads at John TS & Strachan TS, together with half the
4MVA increase that has been forecast for the load at Terauley TS, it is expected to be extremely difficult to
maintain the post-contingency voltages at John TS and Terauley TS above the Market Rule minimum of 113kV.

230/115kV Auto-transformers -

The margin between the post-contingency flow and the 10-day limited-time-rating of auto-transformer T12, the
lowest-rated unit at Manby West TS, is just 8MVA.  This would seriously restrict transfers, during peak load
periods, beyond the summer-2008.



SIA REPORT FOR A 3rd SUPPLY TO DOWNTOWN TORONTO14

This margin could be increased by approximately 25MVA (or 50MVA for the two remaining auto-
transformers) by installing either a second 100MVAr unit at John TS or a 125MVAr shunt capacitor bank on
the 115kV busbar at Manby West TS.

Installing the additional capacitor bank, whether at John TS or Manby West TS, would also reduce the post-
contingency flows on the remaining 115kV circuits (with one circuit out-of-service) thereby providing
additional margin to accommodate the transfer of half the load at Terauley TS.  It would also address the
concerns about maintaining the post-contingency voltage at Terauley TS above the minimum value of 113kV.

With an additional 115kV shunt capacitor bank installed either at John TS or Manby TS it is expected to allow
half the forecast, weather-corrected load for the summer-2011 to be transferred via the John-to-Esplanade Link
before either the 10-day limited-time-rating of the auto-transformers or the emergency ratings of the 115kV
circuits at Manby West TS are exceeded following a contingency.

Response of the 230kV Transmission Facilities under Contingency Conditions

Diagram 24: Response to a Double-circuit Contingency Involving the 230kV Circuits R1K & R2K (or
Circuits R13K & R15K)

With the completion of the planned work at Cooksville TS, including the reconfiguration of the connections
from Applewood Junction, and with a total load of approximately 230MW (125MW + 105MW) transferred
from the Leaside Sector to the Manby Sector, the post-contingency flows on the 230kV circuits would remain
within the emergency ratings of the respective 230kV circuits, as shown in the following Table: 

Circuit Post-contingency Flow Emergency Rating
R13K   (or R1K) 589.7MVA 652MVA
R15K (or R2K) 596.5MVA 652MVA
L24CR 627.0MVA 715MVA

The margin between the post-contingency flows on each of the remaining circuits from Richview TS to Manby
TS and their emergency ratings would therefore be approximately 50MVA.

Consequently, if the existing 115kV transmission facilities or the 230/115kV auto-transformers were not
already imposing restrictions on the amount of load that could be transferred to the Manby Sector, it would
therefore be possible to transfer additional load before the 230kV transmission facilities would becoming
limiting.  After allowing for increased losses, it is expected that a further 80MW of load could be
accommodated, beyond the 230MW transfer that was studied.

Therefore, once the planned changes at Cooksville TS have been completed, the 230kV transmission facilities
in the Manby Sector would not be as restrictive to load transfers as the existing 115kV transmission facilities.

[It should be noted that once Lakeview GS ceases operations on 30th April 2005, the existing 230kV
transmission facilities between Richview TS and Lakeview SS would be unable to accommodate any load
transfers from the Leaside Sector during peak load periods while respecting the emergency ratings of the
230kV circuits for even a single-circuit contingency. 

Completion of the new 230kV busbar at Cooksville TS and the retermination of the existing circuits at
Applewood Junction would restore the ability of the 230kV transmission system to accommodate load
transfers from the Leaside Sector.  The IMO therefore considers this work to be essential to maintaining the
continued reliability of the supply to the GTA.

Further details are available in the System Impact Assessment Report for the Cooksville TS Project that
was issued on 24th February 2004.] 
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Interim Conclusions for the Manby Sector (based on the weather-corrected load forecast):

Manby East TS:

The transfer of the load at Dufferin TS during peak load periods is not expected to be possible beyond the
summer-2008 due to the projected increases in the load at Dufferin TS and at those TSs that are normally
supplied from Manby East TS.

While there would still be spare capacity available on the 230/115kV auto-transformers to accommodate
future increases in the load supplied from Manby East TS, and this could be increased by installing a shunt
capacitor on the 115kV busbar at Manby East TS, the thermal ratings of the existing 115kV transmission
facilities would effectively prevent this capacity from being used.

Manby West TS:

While the 115kV transmission facilities are expected to be adequate to accommodate the transfer of half the
weather-corrected peak load at Terauley TS through the summer-2009, the auto-transformers are only
expected to be adequate through the summer-2008.

Installing either a 100MVAr shunt capacitor bank at John TS or a 125MVAr (or higher rated) unit on the
115kV busbar at Manby West TS would not only reduce the reactive power flows through the auto-
transformers, but it would also reduce the reactive power losses on the 115kV system by improving the post-
contingency voltage profile.

The net result would be that Manby West TS, with an additional 115kV capacitor bank at either John TS or
Manby West TS, would be expected to be capable of accommodating the transfer of half the weather-
corrected peak load at Terauley TS through the summer-2011.

Installing a 115kV capacitor bank either at John TS or at Manby West TS would also be crucial to
maintaining an acceptable post-contingency voltage at Terauley TS for that half of the load that is to be
supplied from Manby West TS.

5.2 Issues Related to the Western GTA

Hydro One is planning to install the following transmission facilities to enhance the supply capability of the western
GTA, following the planned shutdown of Lakeview GS on 30th April 2005:

• Parkway 500/230kV TS First 500/230kV auto-transformer Q2-2005
Second 500/230kV auto-transformer Q2-2006

• Burlington TS 300MVAr shunt capacitor bank Q4-2004
• Richview TS 412MVAr shunt capacitor bank Q4-2004
• John TS 100MVAr shunt capacitor bank Q4-2004
• Trafalgar TS 300MVAr shunt capacitor bank Q2-2005

With all of these facilities available, the IMO has determined that the western GTA should be able to withstand a
critical double-circuit contingency involving the 500kV Bruce-to-Milton circuits through the summer-2007, under
extreme-weather loading conditions and with the following generating facilities dispatched:

• With six of the eight units at Nanticoke GS
• With four of the five units at Pickering GS, and
• With three of the four units at Darlington GS
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It should also be noted that this analysis did not include any load transfers from the Leaside to the Manby
Sector.

Consequently, in order to allow load transfers to occur during peak load periods, when only those generation
facilities listed above are available, and to be able to secure the system for the loss of both Bruce-to-Milton
500kV circuits, additional generation and/or transmission facilities would be required within the western
GTA.    

It should also be noted that this requirement for further generation and/or transmission facilities would be in addition
to the generating facilities that would be required to compensate for the loss of Nanticoke GS should it cease
operations in 2007 under the Government's Off-Coal Policy. 

Western GTA

The additional capacitor banks that are scheduled to be installed prior to the planned shutdown of Lakeview
GS on 30th April 2005 will only be adequate to ensure the security of the system, following the loss of both
Bruce-to-Milton 500kV circuits, through the summer-2007 under extreme-weather loading conditions.

Consequently, in order to accommodate load transfers from the Leaside to the Manby Sector, while
continuing to ensure the security of the system under contingency conditions, additional generating facilities
will be required within the western GTA to coincide with the planned in-service date of spring-2007 for the
John-to- Esplanade Link.

5.3 LEASIDE SECTOR

The supply capability of the Leaside Sector is limited by the thermal ratings of the following components:

• The 230kV circuits between Cherrywood TS and Leaside TS
• The six 250MVA 230/115kV auto-transformers at Leaside TS, and
• The 115kV transmission system connected to Leaside TS that supplies the eastern portion of downtown

Toronto.

5.3.1 115kV Transmission System supplied from Leaside TS

Diagram 3 shows the existing 115kV transmission facilities associated with the Leaside Sector and Diagram 25
shows the thermal ratings for the principal 115kV circuits.

Diagram 26 summarises the load flow results for the summer-2008 loading condition, with all transmission facilities
in-service and the system operated as follows:

System Configuration:
• Leaside 230kV busbars Closed
• Leaside 115kV busbars Open
• Hearn 115kV busbars Closed
• Terauley TS operated Quartered

The performance of the existing 115kV transmission facilities supplying the eastern portion of downtown Toronto
were addressed in the Preliminary Assessment Report for the Quartering of Terauley TS that was issued on 22nd

March 2002.  This assessment had indicated that the most critical single-circuit contingencies would involve either
of the 115kV circuits H1L or H3L and that they would result in overloading of the 115kV circuits H7L and H11L.
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These studies were repeated using the weather-corrected forecast loads for the summer-2008 contained in latest
forecast issued by Toronto Hydro.  These confirmed that a contingency involving circuit H1L or H3L during peak
load periods would result in circuits H7L & H11L being marginally overloaded.  However, under extreme-weather
conditions the extent of these overloads would be more severe. 

While a transfer of load to the Manby sector (using the existing H2JK connection) could be used to address these
overloads, it has been assumed that any potential benefit would be off-set by the increase in load that would occur
under extreme-weather conditions.

The IMO has therefore identified the summer-2008 as the need-date for measures to enhance the load-meeting
capability of the 115kV system supplied from Leaside TS.

5.3.2 Cherrywood TS to Leaside TS 230kV Corridor

Diagram 27 shows the configuration of the existing transmission facilities that comprise this corridor.  In addition,
the flows corresponding to the summer-2008 peak load condition have been added.

These show a combined transfer through the six auto-transformers at Leaside TS of approximately 1400MVA and
an accumulated load of approximately 1100MVA at the six DESN stations (including the Leaside DESN station)
that are supplied directly from the 230kV circuits.

It should be noted that the actual load supplied from the 115kV transmission facilities connected to Leaside TS that
was assumed in the studies was 1534MVA, or 1381MW at a power factor of 0.9.

Since the combined transfer through the six 230/115kV auto-transformers that was recorded in the analysis totalled
only 1400MVA, this demonstrates the effectiveness of the new capacitor banks that Hydro One has installed, or is in
the process of installing, at Leaside TS and Hearn SS.  These capacitor banks have effectively reduced the transfers
through the auto-transformers to close to unity power factor.

Diagram 28 shows the response to a single-circuit contingency involving the 230kV circuit C2L and its directly-
connected auto-transformer, T11, at Leaside TS.

This shows a post-contingency flow of 551MVA on circuit C3L, which has the lowest emergency rating of all six
230kV circuits on the corridor of only 556MVA.  

Consequently, the need-date for measures to relieve the Cherrywood TS to Leaside TS corridor, based on the
weather-corrected load forecast, would be the summer-2008.

Since the extreme-weather loads are expected to be approximately 2.5% higher, then the need-date based on these
loads, would need to be advanced by approximately two years.  However, as before, the capability to transfer load
from the Leaside to the Manby Sector via circuit H2JK under emergency conditions could be used to off-set the
increase in the loads due to extreme-weather conditions.

The IMO has therefore identified the summer-2008 as the need-date for measures to enhance the load-meeting
capability of those facilities that comprise the 230kV corridor between Cherrywood TS and Leaside TS.

With the new 115kV shunt capacitor banks installed at Leaside TS and Hearn SS, the resulting reduction in the
reactive power transfers through the auto-transformers at Leaside TS would provide additional margin between the
post-contingency flows with one auto-transformer out-of-service and their 10-day limited-time-ratings to
accommodate future load growth.   It is expected that this margin would be sufficient to accommodate the weather-
corrected load growth that has been forecast for the area supplied from Leaside TS, through the summer-2010. 
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It should also be added that, without these capacitor banks, the reactive power flows on the 230kV circuits between
Cherrywood TS and Leaside TS would have been higher.  This would have resulted in an earlier need-date for
reinforcing this corridor than the summer-2008 identified by the IMO.

With these capacitor banks in-service, the load flow studies have shown that the power factor of the transfers on the
230kV circuits at Cherrywood TS would be approximately 0.97.

5.3.3 Performance of the Proposed Link between John TS & Esplanade TS

With the existing arrangement, with only the single connection (via circuit H2JK) between Esplanade TS and John
TS, the maximum load that could be transferred to Manby West TS would be that supplied from the single step-
down transformer that is connected to this circuit at Esplanade TS.  This would be equivalent to approximately one-
third of the total load at Esplanade TS.  For the summer-2008, since the peak load at Esplanade TS is forecast to be
186MVA, the maximum transfer that would be possible would be approximately 62MVA.

With the new Link, due to the limited capacity available on the auto-transformers at Manby West TS, the maximum
transfer that could be made during peak load periods would be equivalent to half the load at Terauley TS.  Since the
forecast peak load at Terauley TS for the summer-2008 is 228MVA, the maximum transfer that could be made to
Manby West TS would be approximately 114MVA.

This would represent an increase in the transfer capability of approximately 52MVA.

Since the 2008 need-date for enhancing the load-meeting capability of the Leaside Sector had been based on
analysis using weather-corrected loads, it had been assumed that any increase in load that would be expected to
occur under extreme-weather conditions would be accommodated by using the existing transfer capability of ~
62MVA.

Consequently, only the increase (of ~ 52MVA) in the transfer capability between the two Sectors would therefore
be available to defer the 2008 need-date for the Leaside Sector

From the latest version of the Toronto Hydro load forecast, the combined load supplied from the 115kV system in
the Leaside Sector is expected to be as follows:

• summer-2008 1545MVA
• summer-2009 1565MVA
• summer-2010 1593MVA

On the assumption that the same relative flow distribution would be maintained on the 115kV circuits between
Leaside TS and Hearn SS when load is being transferred, the installation of the John-to-Esplanade Link would
therefore be expected to allow the need-date for enhancing the Leaside Sector to be deferred by approximately two-
years, to 2010.   This would also coincide with the latest date that Manby West TS is expected to be able to
accommodate transfers from the Leaside Sector, during peak load periods, following the installation of the
additional 115kV capacitor bank.

Effect on the flows within the Leaside Sector of Transfers to the Manby Sector 

Diagram 29 shows the effect on the flows through the Leaside auto-transformers, as well as the flows on the 115kV
circuits at Leaside TS, of transferring half the load at Terauley TS to the Manby Sector via the proposed John-to-
Esplanade Link.

Comparing the flows in this Diagram with those in Diagram 26, for the situation with no transfer to the Manby
Sector, shows that the transfer of approximately half the load at Terauley TS to Manby West TS would result in
relatively consistent reductions in the flows on the individual circuits.  This would therefore allow future load
growth to be accommodated while maintaining appropriate margins to accept the redistributed flows that would
occur under contingency conditions.
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It is also worth comparing the results summarised in Diagrams 29 & 30 for the following transfer conditions:

• Diagram 29 with only half the load at Terauley TS transferred to Manby West TS, and
• Diagram 30 with the load at Dufferin TS transferred to Manby East TS, together with half the load at

Terauley TS transferred to Manby West TS

Although the transfer of the load at Dufferin TS is shown to reduce the loading on the auto-transformers at Leaside
TS as well as on the 115kV circuits to Wiltshire TS (circuits L13W, L14W & L15W), it is shown to have negligible
impact on the flows on the 115kV circuits from Hearn SS.  Consequently, only the transfer of half the load at
Terauley TS, via the John-to-Esplanade Link to Manby West TS, would affect the flows on the critical 115kV
circuits and therefore influence the need-date for further enhancements to the Leaside Sector.

5.3.4 Use of the Link in the Event of an Extreme Emergency

In assessing the performance of the proposed Link it has been assumed that whenever load is transferred to Manby
West TS, the facilities associated with that TS would be able to sustain a subsequent contingency without exceeding
the emergency ratings of any of the equipment.

This has limited the amount of load that could be transferred from the Leaside Sector to only half the load at
Terauley TS.  Furthermore, due to expected increases in the load supplied from Manby West TS and at Terauley TS,
it has been determined that transfers are not expected to be possible beyond the summer-2009, or the summer-2011
if an additional shunt capacitor bank were to be installed at either John TS or Manby West TS.

However, if facilities were to be installed to initiate automatic rejection of at least some of the transferred load in
response to the contingency, this would allow the amount of load that could be transferred to be increased and/or
allow the period over which transfers could continue to be made, to be extended.

The ability to transfer an increased amount of load to Manby West TS would be especially beneficial in the event of
an extensive failure, involving multiple system elements within the Leaside Sector.

Furthermore, transferring load to the Manby Sector that would otherwise have its supply interrupted would be
preferable even if it meant deploying the load rejection scheme.  This load would then only experience a supply
interruption if a contingency were to occur during the limited period that transfers were being made.

With an increase in the amount of load that could be transferred to Manby West TS, overloading could occur for a
greater number of contingency conditions.  The load rejection scheme would therefore need to be designed to
respond to contingencies involving all of the following transmission elements:

• the 230kV circuits between Richview TS and Manby TS
• the 230/115kV auto-transformers at Manby West TS, and
• the 115kV circuits originating from Manby West TS.

In addition, in order to maximise the amount of load that could be transferred it might also be necessary to install
additional reactive compensation beyond the recommended 100MVAr capacitor bank at John TS or the 125MVAr
capacitor bank at Manby West TS.
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Interim Conclusions for the Leaside Sector:

Existing Transmission Facilities:

1. The existing 115kV transmission system supplied from Leaside TS will require measures to be
implemented to enhance its load-meeting capability prior to the summer-2008 if overloading is to be
avoided following a single-circuit contingency.

This need-date is based on the latest weather-corrected load forecast from Toronto Hydro, and it assumes
that the existing transfer capability via 115kV circuit H2JK will be used to accommodate the expected
load increases under extreme-weather conditions.

2. Similarly the load-meeting capability of the 230kV circuits that comprise the transmission corridor
between Cherrywood TS and Leaside TS will also need to be enhanced prior to the summer-2008 to
avoid overloading following a single-circuit 230kV contingency.

3. For the summer-2008 loading condition, the installation of the new capacitor banks at Leaside TS and
Hearn SS, and the subsequent reduction in the reactive power flows through the auto-transformers at
Leaside TS, would avoid the 10-day LTR of the remaining units being exceeded following the loss of
one of these auto-transformers.

In the event of a protracted outage involving one of the auto-transformers at Leaside TS, the load at
Dufferin TS could be transferred to Manby East TS to reduce the loading on the remaining auto-
transformers.  However, as discussed in Section 5.1.4 of this Report, the thermal ratings of the 115kV
circuits associated with Manby East TS are expected to preclude load transfers after the summer-2008. 

4. Following the shutdown of Lakeview GS on 30th April 2005, load transfers from the Leaside Sector to
the Manby Sector during peak load periods will only be possible following the completion of the planned
work at Cooksville TS.

........ continued
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Interim Conclusions for the Leaside Sector   (continued):

With the Proposed John-to-Esplanade 115kV Link:

5. Completion of the Link would not only permit transfers to be made to the Manby Sector with greater
security (via two circuits rather than via the single-circuit with the present arrangement), but it would
also allow an increase in the amount of load that could be transferred. 

Although the analysis has shown that the 10-day limited-time-rating of the auto-transformers at Manby
West TS would restrict the transfer of half the weather-corrected peak load at Terauley TS after the
summer-2009, this could be extended to beyond the summer-2011 by installing either a 100MVAr shunt
capacitor bank at John TS or a 125MVAr unit on the 115kV busbar at Manby West TS.

Furthermore, while the transfer of half the load at Terauley TS to Manby West TS would initially
decrease the flows on the 115kV circuits between Leaside TS and Hearn TS, future load growth in the
Leaside Sector would erode this benefit and require the load-meeting capability of the area to be
enhanced for the summer-2010.

Consequently, for the enhancement of the load-meeting capability of the Leaside Sector to be deferred
until immediately prior to the summer-2010, it would therefore be necessary to extend the capability to
transfer half the load at Terauley TS beyond the summer-2009.  This would require the recommended
115kV shunt capacitor bank to be installed prior to the summer-2009 at either John TS or Manby West
TS.

6. The transfer of additional load to the western GTA during peak load periods would further stress the
facilities in that area and compromise its ability to withstand a double-circuit contingency involving the
500kV line between Bruce GS and Milton TS.

Further resources, preferably involving new generation capacity, would therefore be required in the
western GTA as soon as possible to support load transfers during peak load periods.

7.     In order to maximise the transfer capability of the proposed Link under extreme emergencies, it is
recommended that consideration be given to installing a Load Rejection Scheme.  This Scheme, when
armed, would initiate automatic rejection of all, or part, of the load being transferred in the event that a
contingency should occur that would result in overloading of any of the transmission facilities associated
with Manby West TS that remain in-service.

6. Development of the Portlands Energy Centre

The Portlands Energy Centre is to consist of two identical 'trains' of generating units.  Each train is to consist of a
single 190MW gas-turbine generator and an associated 85MW steam-turbine generator.

In the System Impact Assessment for this Project it was determined that, with either one or both trains in-service, it
would be necessary to operate with the Leaside Sector split as follows to ensure that the fault levels would not
exceed the interrupting capability of the existing 115kV switchgear at either Leaside TS or Hearn SS:

• Leaside 230kV busbars OPEN
• Leaside 115kV busbars OPEN
• Hearn 115kV busbar OPEN Vertically at breaker positions 6P7 & A1P8
• Terauley 115kV circuit-switchers CLOSED
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Splitting the Leaside Sector would result in a disproportionate amount of load being supplied from those facilities in
the western half of the Sector, as shown in Diagram 31.  For the summer-2008 peak load condition, the combined
transfer through the three auto-transformers connected to the western half of the Leaside busbar is shown as
856MVA, while that through the three auto-transformers on the eastern half is only 549MVA; a difference of
307MVA.

Since it had to be possible to operate with only one of the trains of the Portland Energy Centre in-service, the
principal requirement for the incorporation arrangement was that the larger gas-turbine units should be connected to
the more-heavily loaded western half of the Hearn 115kV busbar.  This would ensure that whenever the Leaside
Sector were to be operated split, there would be at least 190MW of relief provided to the auto-transformers
connected to the western half of the Leaside busbar.

An asymmetrical arrangement for incorporating the four generating units on to the Hearn 115kV busbar was
therefore adopted for this Project.  

Diagrams 6 & 7 show the proposed arrangement for incorporating the Portlands Energy Centre on to the Hearn
115kV busbar, together with the location of the normally-open points that would be required whenever this facility
is in-service.

7. Performance of the Leaside Sector with the Portlands Energy Centre In-service

7.1 With the entire Portlands Energy Centre in-service

Diagram 32 shows the flow distribution under peak load conditions (for the summer-2008) with the entire Portlands
Energy Centre in-service. 

This shows a combined transfer through the three auto-transformers connected to the western half of the Leaside
busbar of 510MVA (a reduction of ~ 346MVA), while that through the three auto-transformers on the eastern half is
only 348MVA (a reduction of ~ 201MVA).

While the respective reductions are approximately the same as the amount of generation capacity connected to each
half of the Leaside Sector (~ 380MW to the western half, and ~ 170MW to the eastern half), the differences arise as
a result of the loads at Dufferin TS, Bridgman TS, Duplex TS & Glengrove TS being supplied from both halves of
the Leaside 115kV busbar.  With the Portlands Energy Centre in-service, a greater proportion of these loads is
supplied from the generating facilities associated with the western half of the Leaside Sector.  Consequently, with
more of the output from the generating facilities associated with the eastern half of the Leaside Sector available to
back-off the flows through the auto-transformers, the net result is that the combined transfer through these auto-
transformers shows the greater reduction.

The following Table provides a comparison between the flows with the entire Portlands Energy Centre in-service
(Diagram 32), and those that would occur if the Leaside Sector were to be operated SPLIT with no new generating
facility in-service (Diagram 31). 
[With no new generating facility in-service, the fault levels would allow the Hearn 115kV busbar to be operated
CLOSED.]



SIA REPORT FOR A 3rd SUPPLY TO DOWNTOWN TORONTO23

Comparison of MVA Loadings With the Leaside Sector Operated SPLIT
Leaside West Leaside East

Circuits L4C L9C L12C H6LC H8LC H1L H3L H7L H11L
Without PEC 98.3 174.2 183.9 148.2 148.1 72.4 77.6 47.1 47.0
With all of PEC 92.7 91.5 95.1 59.2 59.2 22.0 25.4 16.3 16.2

Difference -5.6 -82.7 -88.8 -89.0 -88.9 -50.4 -52.2 -30.8 -30.8

Leaside West Leaside East
Auto-transformers T15 T16 T17 T11 T12 T14
Without PEC 297.9 292.3 266.4 185.1 187.3 176.6
With all of PEC 183.4 176.5 149.8 117.8 121.4 108.3

Difference -114.5 -115.8 -116.6 -67.3 -65.9 -68.3

With the exception of circuit L4C, which supplies a radially-connected load, the respective flow through each circuit
and auto-transformer shows a significant reduction as a result of incorporating the entire Portlands Energy Centre.

7.2 With only half the Portlands Energy Centre in-service

Diagram 33 shows the flow distribution under peak load conditions (for the summer-2008) with only half the
Portlands Energy Centre in-service. 

This shows a combined transfer through the three auto-transformers connected to the western half of the Leaside
busbar of 680MVA (a reduction of ~ 176MVA from the 'no generation' condition).  The combined transfer through
the three auto-transformers on the eastern half is 449MVA (a reduction of ~ 100MVA).

As before, the differences between the amount of generation capacity connected to the respective halves of the
Leaside Sector (170MW to the west & 85MW to the east) and the reduction in the transfers through the auto-
transformers is due to the proportion of the load at Dufferin TS, Bridgman TS, Duplex TS & Glengrove TS that is
supplied from the larger gas-turbine unit. 

The following Table provides a comparison between the flows with only half the Portlands Energy Centre in-service
(Diagram 33), and those that would occur if the Leaside Sector were to be operated SPLIT with no new generating
facility in-service (Diagram 31). 

Comparison of MVA Loadings With the Leaside Sector Operated SPLIT
Leaside West Leaside East

Circuits L4C L9C L12C H6LC H8LC H1L H3L H7L H11L
Without PEC 98.3 174.2 183.9 148.2 148.1 72.4 77.6 47.1 47.0
With Half of PEC 95.1 129.2 135.6 99.4 99.4 48.1 52.7 32.2 32.3

Difference -3.2 -45.0 -48.3 -48.8 -48.7 -24.3 -24.9 -14.9 -14.7

Leaside West Leaside East
Auto-transformers T15 T16 T17 T11 T12 T14
Without PEC 297.9 292.3 266.4 185.1 187.3 176.6
With Half of PEC 239.6 233.2 206.9 151.9 154.8 142.9

Difference -58.3 -59.1 -59.5 -33.2 -32.5 -33.7
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With the exception of the radial circuit L4C, the reductions in the flows shown in the Table above are consistent
with those obtained for the situation with the entire Portlands Energy Centre in-service, in that they are all
approximately half.

However, comparing the transfers through the auto-transformers associated with the western half of the Leaside
busbar, as shown in Diagram 33, with those in Diagram 26 (with the Hearn 115kV busbar closed and with no
generating capacity in operation), shows very little difference.

Transfers through the Auto-transformers connected to the western half of the Leaside Busbar

Diagram T15 T16 T17

Existing System with No Generation in-service 26 228MVA 235MVA 228MVA

Leaside Sector split & Half the PEC Project in-service 33 240MVA 233MVA 207MVA

Consequently, when only half the Portlands Energy Centre is in operation, its output (as far as the western half of
the Leaside Sector is concerned) will only be sufficient to off-set the imbalance in the loading that would be
introduced by having to operate with the Leaside Sector split to manage the high fault levels.   This means that there
would be no additional capacity available to reduce the transfers through the western auto-transformers.

Furthermore, with the existing system arrangement, with the 230kV busbars at Leaside TS and the 115kV busbars at
Hearn SS operated closed, the loss of one of the auto-transformers due to a contingency would result in its loading
being distributed between the remaining five units.  With the Leaside Sector SPLIT, most of the loading on the
faulted auto-transformer would be redistributed between the remaining two auto-transformers connected to the
western half of the Leaside busbar.

[However, because the loads at Dufferin TS, Bridgman TS, Duplex TS & Glengrove TS derive their supply from
both halves of the Leaside 115kV busbar, the loss of one of the auto-transformers on the western half of the Leaside
busbar results in a greater proportion of these loads being supplied from the auto-transformers associated with the
opposite half of the Leaside busbar, post-contingency.]

The Table below summarises the post-contingency transfers through the remaining auto-transformers at Leaside TS
in response to selected contingencies involving the individual units at that location:

Transfers through the Auto-Transformers at Leaside TS

With the Leaside Sector operated SPLIT & with only Half the Portlands Energy Centre In-service

Leaside West Leaside East
T15 T16 T17 T11 T12 T14

Pre-Contingency Loadings 239.6 233.2 206.9 151.9 154.8 142.9

10-day LTR Ratings 342MVA 340MVA 342MVA 379MVA 410MVA 340MVA
Contingency Conditions

C17L + T12 278.1 259.4 207.0 217.8 - 170.8
C15L + T15 - 339.0 275.6 165.4 188.7 159.4
C16L + T16 334.1 - 290.2 161.0 180.3 162.9
C3L   + T17 303.3 314.1 - 172.3 163.9 174.8

339.0 Indicates that the flow would be close to the LTR of the auto-transformer
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These results show that for those contingency conditions that involve the loss of either the T15 or T16 auto-
transformer, the post-contingency transfers would be only marginally below the 10-day limited-time-ratings of some
of the remaining units.  Therefore, with additional load growth, or with the expected increase in loads under
extreme-weather conditions, the 10-day limited-time-ratings could be exceeded.

The results for the contingency condition involving the loss of auto-transformer T15 have been summarised in
Diagram 34.

While the use of the John-to-Esplanade Link to transfer half the load at Terauley TS on to Manby West TS would
reduce the post-contingency loading on the two, remaining auto-transformers connected to the western half of the
Leaside busbar, it would introduce a physical break in the connection between Cecil TS and Hearn SS, as shown in
Diagram 35.   

With the 115kV busbar at Hearn SS operated split (vertically at breaker positions 2A3 & 6P7), a double-circuit
contingency involving the overhead line, H6LC & H8LC, between Leaside TS and Hearn SS would isolate the
entire load at Esplanade TS, while also removing the operational half of the Portlands Energy Centre from service.

Transferring half the load at Terauley TS to the Manby Sector would therefore only be acceptable if alternative
connections were to be available to maintain a supply to Esplanade TS, via the 115kV busbar at Hearn SS.

7.2.1 Alternative Operating Arrangements with only Half the Portland Energy Centre In-Service and with
One of the Auto-transformers at Leaside TS Out-of-Service

 
A number of options that would allow a transfer of load to the Manby Sector to address possible overloading of the
remaining auto-transformers at Leaside TS whenever one of them is out-of-service while also avoiding exposing the
load at Esplanade TS to a supply interruption as a result of a double-circuit contingency, were considered:

1. Operate with the 115kV busbar at Hearn Closed

When only half the Portlands Energy Centre is in-service, the removal of one of the auto-transformers at
Leaside TS in response to a contingency would reduce the fault levels at both Hearn SS and Leaside TS.  If this
reduction were sufficient to allow the Hearn 115kV busbar to be operated closed, it would address the concerns
regarding the increased exposure of Esplanade TS whenever half the load at Terauley TS is transferred to
Manby West TS.

The fault level results for this arrangement have been summarised in Table 1, for Leaside TS, and Table 2, for
Hearn SS.  In addition, Diagrams 36 & 37 identify the breakers at Hearn SS whose fault interrupting capability
would be exceeded for a 3-phase and a single line-to-ground fault, respectively.  These Diagrams show that, out
of a total of 15 breakers at Hearn SS, 13 breakers, together with any associated buswork that is determined to be
inadequately rated, would need to be replaced to allow the busbar to be operated closed. 

If this arrangement were to be adopted, then in view of the extent of the work required, the IMO would therefore
recommend that the opportunity be taken to adopt a breaker-and-a-third (or a breaker-and-a-half) design for
the upgraded facilities at Hearn SS.

With respect to the fault levels at Leaside TS, the central section of Table 1 shows that with the faulted auto-
transformer removed from service, the fault levels would be only 0.38kA above the 45.5kA rating of the
existing breakers.

Since the extent by which the fault level at Leaside TS would exceed the breaker ratings would be relatively
small, the IMO considers that this situation could be managed by imposing a limit of 126kV on the maximum
voltage at which the Leaside 115kV busbar could be operated during those very rare occasions when this
operating arrangement is used.

[It is worth noting that analysis has shown that with one of the auto-transformers at Leaside TS out-of-service
during peak load periods when only half the Portlands Energy Centre in-service, the voltage at Leaside TS
would normally be less than 126kV.] 



SIA REPORT FOR A 3rd SUPPLY TO DOWNTOWN TORONTO26

2. Operate with a Diagonal Split of the Hearn 115kV Busbar

Splitting the Hearn 115kV busbar diagonally (at breaker positions 5A6 and 7P8) would distribute the three
circuits that supply Esplanade TS between the Inner and Outer halves of the Hearn busbar.  With this
arrangement, none of the recognised double-circuit contingencies (H1L & H3L; H7L & H11L; or H6LC &
H8LC) would result in the radial connections to Esplanade TS being isolated without a connection through to
the 115kV busbar at Leaside TS, whenever half the load at Terauley TS is being transferred.

For this arrangement, with the Hearn 115kV busbar split diagonally, the following distribution of the generating
units could occur, depending on which particular half of the Portlands Energy Centre is in-service:  

i. With the 190MW unit connected to the Outer half of the Hearn busbar and with the 85MW unit
connected to the Inner half.

ii. With both generating units connected to the Outer half.

These two possible distributions of the generating units that could occur whenever the Hearn 115kV busbar is
operated diagonally split are shown in Diagram 38.

The fault level results for Arrangement i. are shown in Tables 3 & 4, for Leaside TS and Hearn SS, respectively.
For arrangement ii., the results for Leaside TS and Hearn SS are shown in Tables 5 & 6, respectively. 

In addition, details of the individual fault contributions at Hearn SS for a 3-phase and a single line-to-ground
fault have been shown in the following Diagrams:

For arrangement i. Diagram 39 - for a 3-phase fault Diagram 40 - for a SLG Fault
For arrangement ii. Diagram 41 - for a 3-phase fault Diagram 42 - for a SLG Fault

These Diagrams show that, regardless of which particular distribution of the generating units should occur, the
fault interrupting capability of only two of the 115kV breakers, H2JK & H7E, at Hearn SS would be exceeded.
These two breakers, together with any busbar that is also determined to be inadequately rated, would need to be
replaced to allow the Hearn 115kV busbar to be operated diagonally split.

At Leaside TS, for the condition with the faulted auto-transformer removed from service, the fault levels, as
shown in the final section of Tables 3 & 5, would only exceed the rating of the existing breakers when the
generating units are distributed in accordance with Arrangement i.

Furthermore, since the fault level would only marginally exceed (by 0.17kA) the 45.5kA rating of the existing
breakers, the IMO considers that this situation could be managed by imposing a limit of 126kV on the maximum
voltage at which the Leaside 115kV busbar could be operated during those very rare occasions when this
operating arrangement is used.

3. Remove the Remaining Half of the Portlands Energy Centre from Service

If the operational half of the Portlands Energy Centre were to be removed from service, then with one of the
auto-transformers at Leaside TS out-of-service, the fault levels would be lower than those for the existing
system, which allow the 115kV busbar at Hearn TS to be operated closed.  With the Hearn busbar closed, half
of the load at Terauley TS could then be transferred to the Manby Sector without compromising the supply to
Esplanade TS.

Since this would involve shutting down critical generating capacity during peak load periods, this option has not
been pursued.

One further option, involving the installation of a back-to-back dc converter is discussed later in Section 9.
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7.2.2 Performance of the Leaside Sector with only Half the Portlands Energy Centre in-service and one auto-
transformer out-of-service

i. With the Hearn 115kV busbar operated VERTICALLY SPLIT

The transfers through the remaining auto-transformers at Leaside TS for the following system condition were
discussed in Section 7.2 of this Report:

• with only half the Portlands Energy Centre in-service,
• with one of the auto-transformers at Leaside TS out-of-service and,
• with the 115kV busbar at Hearn SS operated vertically split (at breaker positions 6P7 & A1P8).

The results for this condition with auto-transformer T15 out-of-service were summarised in Diagram 34.

ii. With the Hearn 115kV busbar operated DIAGONALLY SPLIT

If the 115kV breakers, H2JK & H7E at Hearn SS were to be replaced, then the Hearn 115kV busbar could be
operated diagonally-split (at breaker positions 5A6 & 7P8)

Diagrams 43 & 44 show the flow distributions with only half the Portlands Energy Centre in-service and with one of
the auto-transformers at Leaside TS out-of-service, and with no load transfer to Manby West TS via the Link.

Diagram 43 corresponds to the condition when both generating units of one train are connected to the Outer half of
the busbar at Hearn SS, while Diagram 44 is for the condition with the 190MW unit connected to the Outer half and
the 85MW unit connected to the Inner half.

These Diagrams show very heavy flows on circuits H1L & H3L, particularly for the condition with both generating
units connected to the Outer half of the Hearn 115kV busbar.

Diagram 45 shows the post-contingency flows following a contingency involving the 115kV circuit H1L.  The post-
contingency flow on circuit H3L is 213MVA which would be only 7MVA less than the emergency rating for this
circuit.  Consequently, with further increases in the weather-corrected loads or in response to extreme-weather
conditions, it would be necessary to transfer load to the Manby Sector to respect the loss of this circuit. 

Diagrams 46 & 47 show the corresponding flow distributions to those in Diagrams 43 & 44, but with half the load at
Terauley TS transferred to Manby West TS.

Comparing the two pairs of Diagrams shows that, while the load transfer has reduced the combined loading on the
auto-transformers at Leaside TS by approximately 98MVA, the individual flows on circuits H1L & H3L have only
declined by 14MVA (with both units on the Outer busbar) and by 9MVA (with the units distributed between the
Inner & Outer halves).

This shows that with the Hearn busbar split diagonally, transferring load to the Manby Sector would be only
marginally effective in reducing the flows on the critical 115kV circuits H1L & H3L.  Furthermore, it is expected
that the limited reduction that would be achieved by the transfer would be eroded within approximately one year due
to load growth.
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Diagonal Splitting of the Hearn 115kV busbar when only half the Portlands Energy Centre is in-service

Employing a diagonal split of the Hearn busbar so that load could be transferred to the Manby Sector to address
the overloading of the auto-transformers at Leaside TS when one auto-transformer is unavailable during peak
load periods, would result in increased flows through the two 115kV circuits, H1L & H3L.  This occurs because,
with a diagonal split of the Hearn 115kV busbar, these two circuits would provide the only connection between
the eastern half of the Leaside busbar and the Inner busbar at Hearn SS.

A subsequent contingency involving one of these circuits would result in overloading of the companion circuit.
However, if half the load at Terauley TS were to be transferred to Manby West TS, the resulting reductions in the
flows through these circuits would be relatively small (~ 9MVA).  Consequently, it is therefore expected that by
the summer-2010, even with a load transfer to Manby West TS, overloading of the companion 115kV circuit
could occur. 

iii. With the Hearn 115kV busbar operated CLOSED

If the 115kV switchyard at Hearn SS were to be rebuilt, it would then be possible to operate with it closed whenever
only half the Portlands Energy Centre is in operation and one of the auto-transformers at Leaside TS is unavailable.

Diagram 48 summarises the flows that would result from this mode of operation.

The following Table provides a comparison of the flows with the Hearn 115kV busbar open vertically (Diagram 34)
and with it closed (Diagram 48) 

Comparison of MVA Loadings With only half the Portlands Energy Centre in-service &
With the T15 auto-transformer at Leaside TS out-of-service

Leaside West Leaside East
Circuits L4C L9C L12C H6LC H8LC H1L H3L H7L H11L
With Hearn Open 95.3 127.8 134.0 98.0 98.0 49.3 53.8 32.8 32.8
With Hearn Closed 92.7 87.0 90.2 53.7 53.7 100.8 107.6 64.3 64.7

Difference -2.6 -40.8 -43.8 -44.3 -44.3 +51.8 +53.8 +31.5 +31.9

Leaside West Leaside East Circuits
Auto-transformers T15 T16 T17 T11 T12 T14 C5E C7E
With Hearn Open - 339.0 275.6 165.4 188.7 159.4 111.0 105.1
With Hearn Closed - 279.1 240.4 198.1 214.3 189.9 79.9 74.0

Difference - -59.9 -35.2 +32.7 +25.6 +30.5 -31.1 -31.1

339.0 Indicates that flow would be close to the LTR of the auto-transformer

The results summarised in Diagrams 34 & 48 and in the Table above, show that by closing-up the Hearn 115kV
busbar, the combined transfer through the remaining two auto-transformers connected to the western half of the
Leaside busbar would be reduced by approximately 100MVA.  An equivalent increase would occur in the transfer
through the auto-transformers connected to the eastern half of the Leaside busbar.
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This reduction in the transfer through the auto-transformers connected to the western half of the Leaside busbar
would be sufficient, even under extreme-weather conditions when the load would be expected to be higher, to allow
the 10-day limited-time-ratings of the remaining units to be respected when one of the auto-transformers is out-of-
service. 

Furthermore, even though this transfer would cause the flows through each of the auto-transformers connected to the
eastern half of the Leaside busbar to increase, they would still remain well within their continuous ratings, with half
the Portlands Energy Centre in-service.  Under contingency conditions, with one of the auto-transformers out-of-
service, the flows through the remaining units connected to the eastern half of the Leaside busbar would therefore
remain within their 10-day limited-time-ratings. 

It should also be noted that closing the 115kV busbar at Hearn SS would increase the flows through the four 115kV
circuits connected to the eastern half of the Leaside busbar, and in particular through circuits H1L & H3L.  This is
due to a portion of the load in the western half of the Leaside Sector being supplied from the circuits associated with
the eastern half, via the closed 115kV busbar at Hearn SS.  However, the increased flows through these circuits
would still be well within their continuous rating of 170MVA.

It is also important to note that with this arrangement a contingency involving either of these circuits would not
result in overloading of the companion circuit.  This would be due not only to the lower pre-contingency loading,
but also because there would now be a total of four circuits connecting the eastern half of the Leaside busbar to the
common 115kV busbar at Hearn SS.

These results show that having the capability to close the 115kV busbar at Hearn whenever one of the auto-
transformers connected to the critical western half of the Leaside busbar is unavailable, would significantly reduce
the need to transfer load to Manby West TS in order to respect the 10-day limited-time-ratings of the remaining
auto-transformers.

However, it is still expected that transfers via the Link would still be necessary to address potential overloads
whenever critical transmission elements are out-of-service and only half the Portlands Energy Centre is operational.

Studies with the forecast weather-corrected loads for the Summer-2012 

A study was performed with the Hearn busbar operated closed, and with one of the auto-transformers at Leaside TS
out-of-service using the forecast, weather-corrected loads for the summer of 2012.  This study also assumed no
transfers of load to Manby West TS

The results are summarised in Diagram 49.

Although the flow through auto-transformer T16 has increased to approximately 300MVA it is still well within its
10-day limited-time-rating of 340MVA so there would be adequate margin to accommodate further increases in
load.  Similarly, for the 115kV circuits, all of the flows are well within their continuous ratings.

Diagram 50 shows the post-contingency flows in response to a single-circuit contingency involving circuit H1L.
While the post-contingency flow on the companion circuit H3L would be marginally over its continuous rating of
170MVA, it would still be well within its emergency rating of 222MVA. For all the other 115kV circuits, the post-
contingency flows remained well within their continuous ratings.
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Operating with the Hearn 115kV busbar CLOSED when only half the Portlands Energy Centre is in-service

If the Portlands Energy Centre were to be developed, then during those periods when only half of this facility is
in operation and when one of the auto-transformers at Leaside TS is unavailable, it is expected that the forecast
peak weather-corrected loads in the Leaside Sector could be supplied securely through to 2012 (and possibly
later), without having to resort to load transfers via the Link, as long as the Hearn 115kV busbar could be
operated closed.

This would require the Hearn 115kV switchyard to be rebuilt.

[Note:   Since it would only be possible to operate with the rebuilt 115kV busbar at Hearn SS CLOSED if one of
the auto-transformers at Leaside TS were also to be out-of-service, it is therefore expected that the Link
would continue to be required throughout this period to address possible overloading of the 115kV
system in response to a subsequent contingency whenever critical transmission elements are out-of-
service during peak load periods.

Using the Link to transfer load would be preferable to removing one of the auto-transformers at Leaside
TS from service, even though it is not faulted, simply to control fault levels and allow the Hearn 115kV
busbar to be closed.]

Effect of Transferring Half the Load at Terauley TS

The preceding studies have shown that, if the Portlands Energy Centre were to be developed and the Hearn 115kV
switchyard were to be rebuilt to allow it to be operated closed whenever critical elements are out-of-service,
transfers of load to Manby West TS are not expected to be necessary.  However, a study was conducted to examine
the impact that such a transfer would have.  The peak weather-corrected loads corresponding to the summer-2008
were used in this study. 

Diagram 51 shows the effect on the various flows of transferring half the load at Terauley TS to Manby West TS,
when one of the auto-transformers at Leaside TS is out-of-service and the 115kV busbar at Hearn SS is operated
closed.

The following Table compares the flows for the operating conditions detailed below:

• with the Hearn 115kV busbar operated open vertically and with no load transfer (Diagram 34)
• with the Hearn 115kV busbar operated closed and with no load transfer (Diagram 48)
• with the Hearn 115kV busbar operated closed and with half the load at Terauley transferred (Diagram 51)
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Comparison of MVA Loadings With only half the Portlands Energy Centre in-service &
With the T15 auto-transformer at Leaside TS out-of-service

Leaside West Leaside East
Circuits L4C L9C L12C H6LC H8LC H1L H3L H7L H11L
1. Hearn Open 95.3 127.8 134.0 98.0 98.0 49.3 53.8 32.8 32.8

2. Hearn Closed & no
load transferred 92.7 87.0 90.2 53.7 53.7 100.8 107.6 64.3 64.7

Difference (1-2) -2.6 -40.8 -43.8 -44.3 -44.3 +51.5 +53.8 +31.5 +31.9

3. Hearn Closed &
load transferred 91.9 75.9 78.2 44.0 44.0 82.9 88.7 53.4 53.7

Difference(1-3) -3.4 -51.9 -55.8 -54.0 -54.0 +33.6 +34.9 +20.6 +20.9
Difference(2-3) -0.8 -11.1 -12.0 -9.7 -9.7 -17.9 -18.9 -10.9 -11.0

Leaside West Leaside East Circuits
Auto-transformers T15 T16 T17 T11 T12 T14 C5E C7E
4. Hearn Open - 339.0 275.6 165.4 188.7 159.4 111.0 105.1

5. Hearn Closed & no
load transferred - 279.1 240.4 198.1 214.3 189.9 79.9 74.0

Difference (4-5) - -59.9 -35.2 +32.7 +25.6 +30.5 -31.1 -31.1

6. Hearn Closed &
load transferred - 258.0 220.5 179.5 194.6 171.2 60.0 56.9

Difference (4-6) -81.0 -55.1 +14.1 +5.9 +11.8 -51.0 -48.2
Difference (5-6) - -21.1 -19.9 -18.6 -19.7 -18.7 -19.9 -17.1

If the changes related to circuit L4C are discounted because it is a radial connection and therefore unaffected by the
different supply arrangements, then the results that have been summarised in the Table above show that:

115kV Circuits

• Closing the Hearn 115kV busbar would reduce the flows through each of the four circuits connected to the
western half of the Leaside busbar by approximately 40MVA.  The flows through each of the four circuits
connected to the eastern half of the Leaside busbar would experience a corresponding increase that averages out
at approximately 40MVA per circuit.  The flows through the higher-rated circuits, H1L & H3L, would actually
increase by approximately 50MVA per circuit, while those through circuits H7L & H11L would only increase
by 30MVA per circuit. 

• With the Hearn 115kV busbar operated closed, transferring half the load at Terauley TS to Manby West TS
would result in a further reduction in the flows through each of the four circuits connected to the western half of
the Leaside busbar of approximately 10MVA.  For the four circuits connected to the eastern half of the Leaside
busbar, the average reduction per circuit would be approximately 15MVA.  For circuits H1L & H3L, the actual
reduction would be approximately 20MVA per circuit, while for circuits H7L & H11L the reduction would be
approximately 10MVA per circuit.
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230/115kV Auto-transformers

• Closing the Hearn 115kV busbar would transfer approximately 100MVA of the load supplied from Leaside TS
from the auto-transformers associated with the western half of the busbar, to those associated with the eastern
half.

With the Hearn 115kV busbar operated vertically split, and with auto-transformer T15 out-of-service, the
transfer through auto-transformer T16 would be only marginally below its 10-day limited-time-rating of
340MVA.  Closing the Hearn 115kV busbar would result in a reduction of approximately 60MVA in the
transfer through this auto-transformer.  Consequently, the closing of the Hearn 115kV busbar would therefore
allow the loads supplied from the Leaside busbar to increase substantially before the post-contingency loading
situation would, once again, become critical.

• With the Hearn 115kV busbar operated closed, transferring half the load at Terauley TS to Manby West TS
would result in equal reductions of approximately 20MVA in the transfers through each of the five remaining
auto-transformers that were assumed to be in-service at Leaside TS.

The capability to transfer load to Manby West TS during peak load periods when only half the Portlands Energy
Centre is operational and when critical transmission elements are out-of-service, would therefore provide
additional margin to accommodate further increases in the load supplied from Leaside TS.   

However, as mentioned earlier, the transfer of half the load at Terauley TS to Manby West TS during peak load
periods is not expected to be possible after the summer-2011 without exceeding the emergency rating of the
existing 115kV circuits.  This date assumes the installation of a new 115kV capacitor bank at either John TS or
Manby West TS and is based on the forecast weather-corrected loads.
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Interim Conclusions for the Development of the Portlands Energy Centre

Should a decision be made to proceed with the Portlands Energy Centre, then it would be necessary to operate
with the 230kV & 115kV busbars at Leaside TS and the 115kV busbar at Hearn TS open in order to respect
the fault interrupting capability of the existing switchgear in the Leaside Sector.

If only half the Portlands Energy Centre were to be available during peak load periods when one of the auto-
transformers at Leaside TS is removed from service due to a contingency, overloading of the companion auto-
transformers could occur.

Transferring load to Manby West TS to address this overloading would not be an option while the Hearn
115kV busbar is operated open due to the increased risk of supply interruptions for the load at Esplanade TS.

Closing the Hearn 115kV busbar while half the Portlands Energy Centre is in-service would result in an
improved flow distribution through the auto-transformers at Leaside TS, thereby avoiding the post-
contingency overloading that would occur when one of the auto-transformers is removed from service, during
peak load periods.

Furthermore, the improved flow distribution would provide additional margin on both the auto-transformers
and the 115kV circuits to accommodate further increases in load within the area supplied from Leaside TS
before the post-contingency situation would become critical once more.

With the Hearn 115kV busbar operated closed, it would then be possible to transfer load via the Link without
compromising the supply to Esplanade TS.  The use of the Link to transfer load would not only provide further
margin to accommodate increases in the load supplied from Leaside TS, but it would also allow the system to
sustain system contingencies whenever critical transmission elements are out-of-service.

However, even with a new 115kV capacitor bank installed at either John TS or Manby West TS, it is expected
that it will not be possible to transfer half the load at Terauley TS to Manby West TS during peak load periods
after the summer-2011, without exceeding the emergency rating of the existing 115kV circuits.

The IMO therefore recommends that should the Portlands Energy Centre be developed, that Hydro One
undertake the rebuilding of the 115kV switchyard at Hearn SS so that it can be operated CLOSED to ensure
the continued supply reliability to the loads in the Leaside Sector whenever only half the generating facility is
operational.

The IMO also recommends that the new switchyard should be based on a breaker-and-a-third design and that
the facilities should preferably be rated in accordance with the 63kA standard.

A typical breaker-and-a-third arrangement for Hearn SS is shown in Diagram 52.  This includes the incorporation of
the Portlands Energy Centre as well as the dc Option for the 3rd Supply to Downtown Toronto, should this be the
Option that is eventually selected.

8. Maintenance Issues for Manby West TS

During those periods when one of the auto-transformers at Manby East TS or Manby West TS is out-of-service for
maintenance, it is a requirement that the total load supplied from the TS remains within the 10-day limited-time-
rating of just one of the auto-transformers.  This is to ensure that, in the event that one of the two remaining auto-
transformers should be removed from service, the last auto-transformer at that location would not be overloaded. 
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Depending on the particular auto-transformer that is out-of-service for maintenance, this could mean that the loads
would need to be less than the following values:

• For Manby West TS: less than 306MVA corresponding to the 10-day LTR for auto-transformer T12
• For Manby East TS: less than 279MVA corresponding to the 10-day LTR for auto-transformers T7 & T9

The forecast weather-corrected peak loads for the summers of 2008 & 2010 are as follows:

Summer-2008 Summer-2010
Manby West TS 457MVA 467MVA

10-day LTR as percentage of peak load 67.0% 65.5%
Manby East TS 383MVA 387MVA

10-day LTR as percentage of peak load 72.8% 72.1%

At Manby East TS, the load would only need to be less than approximately 72% of its peak value before
maintenance could be scheduled.  Furthermore, the existing system arrangement allows for the transfer of the load at
Wiltshire TS to the Leaside Sector.  Since the load at Wiltshire TS accounts for approximately 25% of the load that
is normally supplied from Manby East TS, this provides additional flexibility when scheduling outages at that
location.

For Manby West TS, where presently there is no capability to transfer load to the Leaside Sector, the requirement
that the load has to be less than approximately 67% (in 2008) of the peak value in order to schedule outages is
becoming increasingly difficult to respect.  With further increases in load, the requirement for scheduling outages
will become even more restrictive.

If the Portlands Energy Centre were to proceed, then the proposed Link between John TS and Esplanade TS could
be used to transfer a portion of the load at John TS to the Leaside Sector during off-peak periods to facilitate the
scheduling of outages at Manby West TS.  This would require the termination of the two circuits of the proposed
Link to be designed to accommodate the isolation and connection of at least two of the step-down transformers at
John TS on to the Link.

The results of a study that examined the following transfer condition have been summarised in Diagram 53:

• With the forecast weather-corrected peak loads for the summer-2008.
• With the full Portlands Energy Centre in-service, and with the Leaside Sector operated vertically split.
• With Terauley operated closed.
• With approximately ⅓ (118MVA) of the load at John TS transferred on to the Leaside Sector.

This shows that even under peak load conditions, the Leaside Sector would be able to readily accommodate the
transfer of ⅓ of the load at John TS, as long as the entire Portlands Energy Centre is in-service.

For the peak load condition examined, the combined flow through the auto-transformers at Manby TS would still
exceed the 10-day LTR of the lowest-rated unit with ⅓ of the load at John TS transferred.  However, since the
difference is now only approximately 50MVA (355MVA-306MVA) the opportunity for scheduling outages would
therefore be improved significantly.  
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Termination of the cables of the John-to-Esplanade Link at John TS

The IMO therefore recommends that consideration be given when designing the termination at John TS of the
two circuits of the proposed John-to-Esplanade Link to allow two of the step-down transformers to be isolated on
to the proposed Link and supplied from the Leaside Sector.

Should the Portlands Energy Centre be developed, then these changes to the terminations at John TS would
provide the capability of transferring approximately ⅓ of the load at John TS to the Leaside Sector via the
proposed John-to-Esplanade Link.

This would facilitate the scheduling of outages at Manby West TS which is becoming increasingly difficult with
the growth in the demand within the area supplied from Manby West TS.

Should space constraints at John TS prevent this proposal being implemented, then the arrangement proposed in
the next Section would achieve the same objectives.

 

9. Extension of the Proposed John-to-Esplanade Link

For the dc Option, Hydro One has indicated that they have revised their plans and instead of developing a three-
ended dc connection in Stage 1, they are now proposing to install a back-to-back (ac-dc-ac) connection between
John TS and Hearn SS, with a separate dc connection between Beck 2 GS and Hearn SS.  The proposed arrangement
is shown in Diagram 54.

The intention would be to extend the initial portion of the proposed Link, between John TS and Esplanade TS,
through to Hearn SS and to install the back-to-back converter at Hearn SS so that the Leaside and Manby Sectors
could be permanently interconnected.  Diagram 55 shows the proposed arrangement of the extended Link.

The principal advantage that the back-to-back dc connection would have over the initial John-to-Esplanade Link
would be that it would provide controlled power injections (within the rating of the converter) into either the Manby
or Leaside Sectors rather than being confined to the transfer of discrete blocks of load.

This would mean that instead of only being able to transfer half the load at Terauley TS to the Manby Sector, a
power injection into the Leaside Sector could be provided up to the limit imposed by either the emergency rating of
the 115kV circuits (with one circuit out-of-service) or the 10-day limited-time-ratings of the auto-transformers at
Manby West TS (with one unit out-of-service).  Both of these actions would have the same net effect of reducing the
loading on the Leaside auto-transformers and 115kV circuits.

Similarly, instead of transferring approximately one third of the load at John TS to the Leaside Sector (if the
proposed termination arrangement at John TS can be implemented), a power injection could be provided into the
Manby Sector.  Since the support required for Manby West TS would normally be during off-peak periods when
facilities are on planned outages for routine maintenance, then the injection would not necessarily be restricted by
the ratings of either the auto-transformers or the 115kV circuits at Leaside TS.

The other main advantage of the back-to-back dc connection would be the absence of any fault level contributions,
which would therefore allow the connection to remain permanently in operation.  Since there would be no need to
segregate portions of each 115kV system and transfer them to the opposite Sector, the existing 115kV connections
within the Leaside and Manby Sectors would remain intact, with no adverse impact on supply reliability.

With the John-to-Esplanade Link, the relief that could be provided to the Leaside Sector would be limited to the
transfer of half the load at Terauley TS, to Manby West TS.  With the increases that have been forecast in the
weather-corrected loads at Terauley TS, Strachan TS and John TS, the ability of the facilities associated with
Manby West TS to accept the transfer of this load is expected to be exhausted by the end-2009, or the end-2011 if an
additional 115kV capacitor bank were installed at Manby West TS.
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With the back-to-back dc connection, and the ability to vary the size of the power injections, it would therefore be
possible to provide diminishing, though still significant, support to the Leaside Sector beyond the summer-2011. 

Furthermore, if the Portlands Energy Centre were to be developed, then the additional capacity that would then be
available within the Leaside Sector would permit support for Manby West TS to be provided on a more extensive
basis, deferring the need-date for reinforcing the existing transmission facilities within that part of the system.

Extension of the Initial John-to-Esplanade Link 

The IMO therefore recommends that, should the Portlands Energy Centre be developed, that the John-to-
Esplanade Link should be extended through to Hearn SS and terminated via a back-to-back dc converter to
provide a permanent interconnection between the Manby and Leaside Sectors.

Since this interconnection would not contribute to the fault levels of either Sector it would be able to remain in-
service continuously, allowing the loadings on each Sector to be optimised to the prevailing conditions.

Furthermore, should it be determined that it is not feasible to configure the termination of the John-to-Esplanade
Link to allow the T5 & T6 step-down transformers at John TS to be isolated on to the proposed Link and
supplied from the Leaside Sector, then the proposed extension through to Hearn SS would be even more critical.  

Without an ability to transfer load from the Manby Sector to allow equipment to be removed from service for
maintenance, it would be necessary to either reinforce the Manby Sector, or accept the increased risk of supply
interruptions and install a load-rejection scheme.

10. Critical Need-Dates & Possible Development Scenarios

The following Table summarises the critical need-dates that have been identified in this Report and the expected
effect that the development of the various Projects within the GTA would be expected to have.

It should be noted that all of the analysis has been based on the weather-corrected load forecast issued by Toronto
Hydro in January 2004.  Any further increases in the load beyond those that have been forecast, particularly within
the downtown core, or to meet the higher loads that occur during extreme-weather conditions would require these
dates to be advanced.
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Critical Need-Dates for Different Development Scenarios

Existing System 

The thermal ratings of the 230kV Cherrywood TS to Leaside TS Corridor
Leaside Sector Need-date: Summer-2008 Limited by:

The thermal ratings of the 115kV System supplied from Leaside TS (1)

Manby Sector Need-date: Ongoing Limited by:
Increasing difficulties with scheduling maintenance outages to periods when the minimum load at
Manby West TS is less than the 10-day limited-time-rating of a single 230/115kV auto-transformer
at Manby West TS. 

Western GTA Need-date: Summer-2008 Limited by:

Ability to maintain acceptable post-contingency voltages during peak load periods following the
loss of the 500kV double-circuit line between Bruce GS & Milton TS when critical generating units
at Nanticoke GS, Pickering GS & Bruce GS are unavailable.
Note that the need-date specified assumes NO load transfers to the Manby Sector during the
critical periods.

Completion of the John-to-Esplanade Link in the Spring-2007  AND
Completion of the New 230kV Busbar at Cooksville TS, including the 230kV Series Capacitors, & the Reconfiguration of the Connections at Applewood Junction

The thermal ratings of the 115kV System supplied from Leaside TS (1)

Leaside Sector Need-date: Summer-2010 Limited by:
AND The ability of Manby West TS to accommodate load transfers (see below)

Summer-2012 Limited by:

The thermal ratings of either the 230/115kV auto-transformers or the 115kV System supplied from
Manby West TS - under the following conditions:

With a new capacitor bank installed at either John TS (rated at 100MVAr) or at Manby West TS
(rated at 125MVAr or higher) &
With half the load at Terauley TS transferred to Manby West TSManby West TS Need-date:

Ongoing Limited by:
Unless the termination of the Link at John TS can be configured to allow transformers T5 & T6 to
be isolated on to the Link and temporarily supplied from Leaside TS, the difficulties related to the
scheduling outages will remain.

Western GTA Need-date: Summer-2007 Limited by:

Without further reinforcement of the transmission system and/or the incorporation of additional
generating capacity in the western GTA, prior to the Spring-2007, no transfers via the Link will be
possible during peak load periods with limited generation capacity at the critical stations
(Nanticoke, Pickering & Darlington)

Continued -

Note: (1) The use of circuit H2JK to transfer approximately ⅓ of the load at Esplanade TS would allow the need-date corresponding to the 115kV transmission
facilities to be deferred.  However, because the portion of the load at Esplanade TS that would be transferred would then be vulnerable to a single-
circuit contingency, this transfer arrangement would usually only be used as a last resort.
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Critical Need-Dates for Different Development Scenarios

Development of the Portlands Energy Centre

Leaside Sector Need-date: Summer-2010 Limited by:

The 10-day LTR of the Leaside auto-transformers -
For the condition with only half the PEC Project in-service & the Hearn 115kV busbar operated
split (vertically)
For this condition, transfers via the Link cannot be made.

Development of the Portlands Energy Centre  AND
The Rebuilding of the 115kV Switchyard at Hearn SS

Leaside Sector Need-date: Beyond 2012 Limited by:

Eventually the 10-day LTR of the auto-transformers or the emergency ratings of the 115kV
transmission facilities associated with Leaside TS -
Note:   The rebuilding of the 115kV busbar at Hearn SS would allow it to be operated closed

whenever only half the PEC Project is operational & one of the auto-transformers at
Leaside TS is out-of-service.  This would then permit load transfers to be made to the
Manby Sector.
However, the transfer of half the load at Terauley TS to Manby West TS, during peak load
periods, would no longer be possible after the summer-2011, due to the forecast growth in
the loads at Strachan TS, John TS & Terauley TS.

Development of the Portlands Energy Centre  AND
The Extension of the John-to-Esplanade Link through to Hearn SS and its termination via a back-to-back dc converter

Leaside Sector Need-date: Further deferral
beyond 2012 Limited by:

Eventually the 10-day LTR of the auto-transformers, or the emergency ratings of the 115kV
transmission facilities.
Note:   The inclusion of a back-to-back dc converter in the extended Link would no longer require

discrete blocks of load to be transferred but instead, would allow controlled power
injections to be made to the Leaside Sector.  Support for the Leaside Sector could therefore
continue to be provided as long as spare, post-contingency capacity (in excess of the
requirements of the loads at Strachan TS & John TS) remained available at Manby West TS.

Manby West TS Need-date: Would Address
an Ongoing Need Limited by:

With the back-to-back dc converter, controlled power injections could be made to the Manby Sector
to reduce the loading on the auto-transformers at Manby West TS.  This would provide increased
opportunities for scheduling maintenance outages.

Western GTA Need-date: Summer-2008 Limited by:

Without further reinforcement of the transmission system and/or the incorporation of additional
generating capacity in the western GTA, load transfers via the Link will not be possible during peak
load periods with limited generation capacity at the critical stations (Nanticoke, Pickering &
Darlington)
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11. Compatibility of the Link with the Options for Providing a 3rd Supply to Downtown Toronto

The information summarised in the above Table shows that if the following Projects were to be developed, it is
expected that they would enable the supply to downtown Toronto to be secured through to at least 2012, and
possibly later, assuming weather-corrected loads:

• The initial John-to-Esplanade Link, together with a 115kV shunt capacitor bank at either John TS or Manby
West TS.

• The extension of the John-to-Esplanade Link through to Hearn SS and its termination via a back-to-back dc
converter.

• The incorporation of the Portlands Energy Centre, together with the rebuilding of the 115kV switchyard at
Hearn SS.

• The development of additional generating resources in the western GTA and/or the reinforcement of the
transmission system in the western GTA.

Although further detailed analysis would be required to establish a definitive date, reference to Diagram 22 shows
that Manby West TS should be able to accommodate local loads and transfers totalling approximately 600MVA
before the emergency ratings of the 115kV circuits would be exceeded, post-contingency.

[For the case shown in Diagram 22, with a new 115kV capacitor bank installed at John TS, the loads at John TS &
Strachan TS for the summer-2008 totalled 457MVA, while the load transferred from Terauley TS was 116MVA, for
a combined total of 573MVA.]

By 2015, the forecast weather-corrected load at John TS & Strachan TS is forecast to increase to approximately
530MVA.  This would therefore limit the maximum transfers that could be made to Manby West TS to
approximately 70MVA.

Similarly, by 2015, the weather-corrected loads in the Leaside Sector are forecast to increase by approximately
55MVA over those shown in Diagram 49.  Consequently, if the extended John-to-Hearn Link were to be used to
transfer approximately 55MVA of load to Manby West TS, it would therefore be possible to maintain the flows in
the Leaside Sector at approximately the same levels as shown in Diagram 49.

Consequently, from this very approximate review, it would appear that the facilities detailed above would be
adequate to ensure a reliable supply through to approximately 2015, based on the weather-corrected load forecast.

Need-dates for New Transmission Facilities

Since any decision to locate additional generating capacity within the GTA will have a major influence on the
need for further transmission facilities (beyond the initial John-to-Esplanade Link), it is therefore recommended
that further detailed analysis should be undertaken once the location and capacity of any new generating facilities
are announced.

Eventually, depending on exactly what generation capacity is developed within the GTA and on the rate of future
load growth, further major reinforcement of the supply to downtown Toronto will be necessary.

Since the proposed John-to-Esplanade Link involves those facilities that would be common to both of the following
arrangements for providing a 3rd Supply to Downtown Toronto, installing them would not compromise any future
decision regarding which particular Option to adopt:

• the original 230kV ac Option as shown in Diagram 8, and 
• the revised dc Option as shown in Diagram 54
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However, should the initial John-to-Esplanade Link be extended through to Hearn SS, then while it would remain
compatible with the revised dc Option, it would no longer be compatible with the original 230kV ac Option.

A proposal for a Hybrid ac-dc Option has therefore been developed that would incorporate the extended Link, as
shown in Diagrams 56 & 57 for Stages 1 & 2, respectively.

This arrangement has the added merit over the original 230kV ac Option in that it would allow a connection with the
Leaside Sector to be maintained.  It would also avoid the need to convert Esplanade TS to a 230kV DESN, at least
initially.  With further growth in the load in the Leaside Sector, the option of transferring Esplanade TS to the new
230kV supply would remain available, thereby allowing the back-to-back dc converter to provide additional relief to
the Leaside Sector.

12. Relative Merits of the 230kV ac Option & the dc Option

When the original application for a Connection Assessment was submitted by Hydro One, the target completion
dates for Stages 1 & 2 of the plan, were May-2008 and May-2010, respectively and approval was being sought for
the full development.

However, since the original submission was made, it has now been decided to introduce an initial phase, involving
the John-to-Esplanade Link, with an earlier in-service date of May-2007.

Because the scope of the subsequent development of the 3rd Supply is expected to be influenced by decisions
regarding the development of new generation capacity and could therefore require further modification of the
revised proposals that have been discussed in this Report, it has been decided to limit the Approval to Connect to the
IMO-controlled grid to just the initial phase.

However, while the IMO considers that both the 230kV ac and the dc option, in their revised formats, would satisfy
the requirements for reinforcing the supply to Downtown Toronto, each Option has its particular merits and these
have been summarised below;

230kV ac Option

• The 230kV ac option, since it involves the transfer of between 300MW and 400MW of load from the Leaside
Sector to the Manby Sector, would increase the loading on the 500/230kV auto-transformers at Claireville TS as
well as on the 230kV transmission corridor between Richview TS and Manby TS.

• In the absence of any new generating capacity in the western GTA, this transfer of load would require two new
500/230kV auto-transformers to be installed at Claireville TS.  However, since these new auto-transformers
would increase the fault level on the 230kV busbar at Claireville TS they could trigger a requirement for this
busbar to be operated split.  This would require some of the 230kV circuits to be reterminated to provide
balanced loading on the respective auto-transformers connected to each half of the split busbar.  It would also
require the 230kV circuit between Claireville TS and Richview TS that is currently idle, to be connected into
the terminal stations to provide adequate transfer capability across each half of the Claireville-to-Richview
Interface .

• It would also require two new 230kV circuits to be installed between Richview TS & Manby TS.  Since the
existing right-of-way is of limited width, it is expected that these new circuits would need to be cabled.

• Since there are already concerns regarding the ability of the existing transmission facilities to maintain
acceptable post-contingency voltages in the western GTA following the loss of the 500kV Bruce to Milton line,
these would be expected to increase with the transfer of additional load to the Manby Sector.

• If sufficient new generating capacity were to be installed within the western GTA to compensate for the transfer
of load to the Manby Sector, while also reducing the loading on the existing auto-transformers at Claireville TS,
then this could avoid the need to install additional auto-transformer capacity at Claireville TS.
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• Furthermore, the new generating capacity would help mitigate the concerns regarding the ability to maintain an
acceptable post-contingency voltage profile throughout the western GTA by providing dynamic reactive
support.

• Depending on the location and the capacity of any new generating capacity within the western GTA, it could
also eliminate the need to install two additional 230kV cabled circuits to reinforce the transmission facilities
between Richview TS and Manby TS.

• As mentioned previously, the Hybrid ac-dc Option would allow the conversion of Esplanade TS to a 230kV
DESN station to be deferred, by using the back-to-back dc converter to provide support to the Leaside Sector
(up to the rating of the converter).  Should additional support be required, then either an additional converter
could be installed or Esplanade TS could then be converted to 230kV operation.

dc Option

• The dc option, because it would provide separate, controlled injections of power into the Leaside and Manby
Sectors from an external source (Beck 2 TS), would not require any changes to the existing transmission
infrastructure in the GTA.

• The dc option would divert a portion of the existing transfers on the QFW Interface between Niagara and
Middleport TS to the new cables under Lake Ontario.  This would ease the existing flow problems on the QFW
Interface and on the transmission facilities into Burlington TS, as well as along the Burlington TS-Trafalgar TS-
Richview TS corridor.

It should also be added that both the dc Option and the Hybrid ac-dc Option are expected to be fully compatible
with the proposed Portlands Energy Centre.

IMO Preference

Although the IMO has expressed a preference in its 10-Year Outlook for the dc Option over the 230kV ac Option,
this was based on the extent of the additional reinforcement of the transmission system that was expected to be
required within the western GTA to accommodate the transfer of load to the Manby Sector.  Should additional
generating capacity be installed within the western GTA that would eliminate the need for any further reinforcement
of the system then the IMO would have no clear preference.

13. Recommendations

Although there are no specific requirements for the connection of the proposed John-to-Esplanade Link to the IMO-
controlled grid, the IMO has identified six recommendations related to this Project:

1. That a 115kV shunt capacitor bank be installed within the area supplied from Manby West TS to provide
support for the load that is to be transferred from the Leaside Sector via the proposed John-to-Esplanade Link.

While either of the following locations would be acceptable to the IMO (and would be deemed to be covered by
the Notification of Approval to Connect that is to be issued for this Project), Hydro One could propose an
alternative site for assessment:

• John TS Limited to 100MVAr at 127kV
(the same as the capacitor bank that is currently under construction)

• Manby West TS 125MVAr or higher  (up to an estimated maximum of approximately 200MVAr)

2. That if the Portlands Energy Centre is developed, the 115kV switchyard at Hearn should be rebuilt so that it can
be operated closed when only half the new generating facility is available and when one of the auto-
transformers at Leaside TS has been removed from service.
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It is also recommended that the new switchyard should be based on a breaker-and-a-third design and that the
new facilities should preferably be rated in accordance with the 63kA standard

3. That if the Portlands Energy Centre is developed, the John-to-Esplanade Link should be extended through to
Hearn SS and terminated via a back-to-back dc converter to provide a permanent interconnection between the
Manby and Leaside Sectors.

4. That the termination at John TS of the two circuits of the proposed John-to-Esplanade Link be configured to
allow two of the existing step-down transformers to be isolated on to the proposed Link and supplied from the
Leaside Sector.

5. That consideration be given to the installation of a Load Rejection Scheme in order to maximise the transfer
capability of the proposed Link under extreme emergencies.  This Scheme, when armed, would initiate
automatic rejection of all, or part, of the load being transferred in the event that a contingency should occur that
would result in overloading of any of the transmission facilities associated with Manby West TS that remain in-
service.

6. That once the location and capacity of any new generating facilities are announced in response the
Government's RFP, further detailed analysis should be undertaken to establish appropriate need dates for
addressing supply issues within the Manby and Leaside Sectors.

14. Customer Impact Assessment

Hydro One has notified the IMO that Toronto Hydro-Electric System Ltd. was a joint participant in the study to
determine suitable reinforcement for the existing facilities supplying Downtown Toronto.  The joint study addressed
all of those concerns that would normally be addressed through the Customer Impact Assessment (CIA).  

Since Toronto Hydro-Electric System Ltd. would be the only customer directly affected by the facilities in the initial
phases, a formal CIA will therefore not be required for this Project.

15. Notification of Approval

The IMO has determined that the proposed John-to-Esplanade Link, as well as its possible extension through to
Hearn SS and termination via a back-to-back dc converter, will have no adverse impact on the IMO-controlled grid
and it is therefore recommended that a Notification of Approval to Connect should be issued for these related
Projects.

Approval for the remainder of Stage 1 and all of Stage 2 of the 3rd Supply to Downtown Toronto will require further
analysis and it is proposed that this should be deferred until it becomes clearer which Projects, and in particular
those related to new generating capacity, are expected to be developed.
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