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Disclaimers

IESO

This report has been prepared solely for the perpbsissessing whether the connection
applicant's proposed connection with the IESO-adletl grid would have an adverse impact on
the reliability of the integrated power system areether the IESO should issue a notice of
approval or disapproval of the proposed conneairater Chapter 4, section 6 of the Market
Rules.

Approval of the proposed connection is based asrindtion provided to the IESO by the
connection applicant and the transmitter(s) atithe the assessment was carried out. The IESO
assumes no responsibility for the accuracy or cetapkss of such information, including the
results of studies carried out by the transmitjea(she request of the IESO. Furthermore, the
connection approval is subject to further consitienadue to changes to this information, or to
additional information that may become availabterathe approval has been granted. Approval
of the proposed connection means that there asggndicant reliability issues or concerns that
would prevent connection of the proposed facilityiie IESO-controlled grid. However,
connection approval does not ensure that a prejliaheet all connection requirements. In
addition, further issues or concerns may be idiedtify the transmitter(s) during the detailed
design phase that may require changes to equipchardcteristics and/or configuration to ensure
compliance with physical or equipment limitationswith the Transmission System Code,
before connection can be made.

This report has not been prepared for any othgyqaar and should not be used or relied upon by
any person for another purpose. This report has peepared solely for use by the connection
applicant and the IESO in accordance with Chaptseedtion 6 of the Market Rules. The IESO
assumes no responsibility to any third party for ase, which it makes of this report. Any

liability which the IESO may have to the connectamplicant in respect of this report is

governed by Chapter 1, section 13 of the MarkeeRulln the event that the IESO provides a
draft of this report to the connection applicami ynust be aware that the IESO may revise drafts
of this report at any time in its sole discretiomhout notice to you. Although the IESO will use
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its best efforts to advise you of any such chanijésthe responsibility of the connection
applicant to ensure that it is using the most reeersion of this report.
HYDRO ONE

Special Notes and Limitations of Study Results

The results reported in this study are based oimthemation available to Hydro One, at the time
of the study, suitable for a preliminary assessroéatnew generation or load connection
proposal.

The short circuit and thermal loading levels hagerbcomputed based on the information
available at the time of the study. These levedy fye higher or lower if the connection
information changes as a result of, but not limidsubsequent design modifications or when
more accurate test measurement data is available.

This study does not assess the short circuit onthidoading impact of the proposed connection
on facilities owned by other load and generatiocl(iding OPGI) customers.

In this study, short circuit adequacy is assessddfor Hydro One breakers and does not include
other Hydro One facilities. The short circuit rikssare only for the purpose of assessing the
capabilities of existing Hydro One breakers andhiidiging upgrades required to incorporate the
proposed connection. These results should nosée i the design and engineering of new
facilities for the proposed connection. The neagsdata will be provided by Hydro One and
discussed with the connection proponent upon réques

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

The additional facilities or upgrades which areuiszf to incorporate the proposed connection
have been identified to the extent permitted byedimpinary assessment under the current IESO
Connection Assessment and Approval process. Aufditifacility studies may be necessary to
confirm constructability and the time required éonstruction. Further studies at more advanced
stages of the project development may identify taatthl facilities that need to be provided or
that require upgrading.
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SIA Findings

Summary

Canadian Niagara Power Inc. is proposing to estialaliparallel operation of the IESO-controlled grid
Cornwall Electric, New York and Cedars systemsndtian Niagara Power intends to accomplish this
with phase shifter(s) between St. Lawrence and fRoaat that will limit the flow to 100 MW.

This System Impact Assessment has examined thectropparallel operation of the IESO—controlled
grid, Cornwall Electric, New York and Cedars systemn the reliability of the IESO-controlled grid fo
an Ontario-Cornwall interconnection. Three possibterconnection configurations were evaluatel: (1
single phase shifter in series with L5C intercotiioec (2) single phase shifter in series with upiga
L5C interconnection and (3) double phase shiftearaonnection.

The IESO has completed all necessary studies lmsttk preliminary information provided by the
proponent. The IESO will proceed with a Post Syst@pact Assessment at the discretion of the
proponent once more project details become availabl

Conclusions

The following are the conclusions for a single ghsisifter in series with L5C interconnection:

1. The proposed configuration would result in a reuncin transfer capability at St. Lawrence during
high L33P/L34P imports and exports. A special mtte scheme rejecting L5C for the loss of L33P
and L34P would be required to address the trawsfeability reduction. The phase shifting
transformer for this configuration must be ratedatess than 100 MVA and must be able to provide
an operating angle range of at least + 40°.

To prevent overloads on L5C for loss of L3BRoss L34P (single contingency), flows on L5C Vdbu
need to be limited pre-contingency.

The following is the conclusion for a single phakéter in series with an upgraded L5C interconioect

1. Upgrading L5C to a 1192.5 ACSR 54/19 conductor wittontinuous rating of 275 MVA in series
with a transformer would allow full range of opéoaton L5C and L33P and L34P. The upgrade in
L5C will require a phase shifter with a continueasng of at least 275 MVA and angle range of at
least + 40 °.

The following is the conclusion for a double phak#ter interconnection:

1. Configuring a two phase shifter two line intercocti@n consisting of the existing L5C line and a new
L6C line of conductor type 605 ACSR 54/7, continsiguated for 200 MVA, would allow full range
operation on the Cornwall interconnection and L8BB L34P. This configuration would require
L5C and L6C phase shifters with continuous ratioigat least 100 MVA and 200 MVA respectively
and angle ranges of at least + 40 °.
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IESO’s Requirements

The following are required to initiate the Post48ys Impact Assessment process with the IESO:

1.

2.

3.

The connection applicant is required to providelBO a committed in-service date.
The connection applicant is to inform the IESO a@ommitted phase shifter configuration.

The connection applicant is required to provide menripment specifications and design information
to be used in the Post SIA studies.

The following areentative requirements for connection should the Post Systgpact Assessment
process be initiated. A finalized list of requirembs would be developed in the Post System Impact
Assessment report

1.

The connection applicant is required to provideadaecessary for the short circuit studies to be
performed by Hydro One at the request of the IESO.

The connection applicant is required to initiate @ustomer Impact Assessment process with Hydro
One.

The connection applicant is required to verifynmgsi of the existing circuits from Cedars-Dennison
lines to Rosemount and upgrade the circuits if sEaey.

The connection applicant is required to ensurettf@performance of the equipment that is
eventually supplied and installed is similar oreeds the predicted performance observed in the
simulation results.

The connection applicant must ensure that all egerg and facilities being connected to the IESO-
controlled grid adhere to the reliability standasgs forth in the Market Rules regarding frequency
and voltage variations. All equipment shall beatde of continuously operating in the range between
59.5 Hz - 60.5 Hz and equipment must be able toad@én the range 113 kV — 127 kV.

Phase Shifting Transformer(s) must have a contismating greater or equal to the continuous rating
of the line it is connected to in series. The phslsifting transformer(s) must provide an operating
range of at least + 40 degrees. Operation of treselshifter must be directed by the IESO only.
Therefore, tap changes are not permissible uniessteld by the IESO.

If a decision is made to configure the existing UB@ in series with a transformer, a cross-trigpin
scheme is required to trip L5C for the loss of L28#@ L34P under high import/export scenarios. In
order to comply with IESO criteria, this speciabtaction scheme will have to be fully redundant and
with separate communication paths. The schemenedtl to meet the 'Special Protection System
Criteria’, as detailed in the NPCC Document A-1tly SPS will require concurrence from New York.
Studies by NYISO will be required as well as areagnent from both Ontario and New York.

Prior to connection, the connection applicant nudgshonstrate to the satisfaction of the IESO that th
proposed connection will not result in any existagglipment in Ontario exceeding its rating.

Prior to connection, the connection applicant ndeshonstrate to the satisfaction of the IESO thgt an
required changes to the IESO—Canadian Niagara POperating Agreement have been acquired.
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10. Prior to connection, the connection applicant nigshonstrate to the satisfaction of the IESO tHat al
required permits for parallel operation betweenl&#@®O and the New York ISO have been obtained
from the National Energy Board (NEB).

11. Prior to connection, the connection applicant naigtcessfully complete the IESO’s market entry
process. All necessary permits and operating aggats must be in place prior to making this new
parallel between Ontario, Quebec and New York.

12. The registration of the new facilities will needlie completed through the IESO facility registratio
process before any part of the facility can be gilam-service. It is required that the applicant
initiates the facility registration process witletieSO at least six months prior to connectiormust
be noted that if the data supplied for the redisinaof the facilities materially differ from thoghat
were used for the assessment, then some of thgsenalight need to be repeated to ensure that the
IESO-controlled grid is not adversely affected.
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System Impact Assessment Report

1. Project Description

Canadian Niagara Power Inc. (CNP) is the Local ribistion Company operating transmission and
distribution (T&D) assets in the Cornwall area. IZI$ a subsidiary of Fortis Ontario. Cornwall Eitec
(CE), the CNP distribution system at Cornwall, regently supplied by and connected to the Cedars
system, a subsidiary of Hydro Quebec. Cornwall tElecan also be supplied by the New York ISO grid.
CNP is planning to expand their transmission systathinterconnection to Ontario and New York.

As part of this plan, CNP has obtained a conditiaparoval from the IESO (CAA ID 2004-161) to
transfer up to 100 MW of load to St. Lawrence T&airadial connection provided by the 115 kV circui
L5C and a new circuit extension built on existiog/érs along the Rosemount, McConnell, Adolphus and
Courtaulds substations. L5C is presently idle;ithgervice date of this connection has currentigrb
deferred by CNP until further notice. Although CR&s been approved for only 100 MW of load,
historical data indicate that Cornwall Electric bpotentially reach up to 140 MVA in the winter.

As phase two of the plan, Canadian Niagara Powelidrproposing to establish a parallel operatibtne
IESO—controlled grid, Cornwall Electric, New YorkdCedars systems. Canadian Niagara Power
intends to accomplish this with phase shifter($)veen St. Lawrence and Rosemount that will limgt th
flow to 100 MW.

The connection applicant retained Acres Internafi¢Acres) to conduct a preliminary transmission
planning studies for Cornwall system. A report \weepared by Acres that contains analysis of the
Cornwall tie power flows.

This System Impact Assessment (SIA) study exantimegmpact of the proposed interconnection on the
reliability of the IESO-controlled grid and equipmieéequirements for the connection. As a stanioint,
this assessment examines a connection consistingiofjle phase shifter in series with the existifg
circuit. As this connection arrangement may posential limitations, this SIA will also recommend and
evaluate several other alternatives.

— End of Section —
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2. System Description and Connection
Arrangement

2.1 Interconnections between Ontario and New York

The IESO controlled grid is synchronously conneetétl New York system at Niagara and St.
Lawrence.

The Ontario — New York Niagara interconnection jeg supply to 60 Hz and 25 Hz systems via circuits
at various voltage levels. The supply to the 6Giftem, is provided by two 230/345 kV circuits (RA3
and PA302), two 230 kV circuits (PA27, BP76) an@ A5 kV circuit. The 25 Hz system is supplied, via
one 115/69 kV circuit and one 69 kV circuit.

The Ontario — New York St. Lawrence interconneciionsists of two 230 kV circuits, L33P and L34P.

The interconnection is under the control of phasglearegulators. The limit on this interconnectien
about 400 MW for flows into or out of Ontario, whics constrained by thermal limitations.

2.2 Interconnections between Ontario — Quebec

The Ontario — Quebec North Interconnection consite/o 115 kV circuits. For flows into Ontario fro
radial generation, the limit is 84 MW under wintanditions and 65 MW under summer conditions. This
interconnection is constrained by thermal limitatio

For flows out of Ontario, the limitis 110 MW inglwinter and 95 MW in the summer. Ontario and
Quebec North are not synchronously connected.

The Ontario — Quebec South Interconnection consfsisie 230/345 kV circuit, four 230 kV circuitsdin
two 115 kV circuits. For flows into Ontario, the@nconnection is limited to 1,498 MW due to staili
limitations and available radial generation. Fomf out of Ontario, the limits are 617 MW for the
summer and 637 MW for the winter, due to stabaityl thermal limitations. Ontario and Quebec South
are not synchronously connected.

2.3 Cornwall Electric System

The Cornwall Electric system consists of six traissmon stations: Rosemount, McConnell, Aldolphus,
Loyalist, ICI, Courtaulds and Boundary. The ICI station was recently de-commissioned and the
remaining load was transferred to Rosemount.

The 2005 Cornwall Electric peak demand data ungienger and winter conditions are showrTable 1



Table 1. CE System 2005 Peak Loads

Cornwall Interconnection

Substation Summer Winter

MW Mvar MW Mvar
Aldolphus 14.2 4.6 11.9 4.75
Courthaulds 34.2 12.5 36.6 12.9
Loyalist 16.0 4.3 18.1 4.4
McConnell 17.6 3.3 22.5 7.8
Rosemount 31.2 155 38.8 12.8
Boundary 2.6 0.4 1.1 0.6
Total 115.8 40.6 129.0 43.25

Cornwall load is currently supplied by the HydroegDec'’s Des Cedres generating station and the New
York system via two normally closed circuits Ced@ennison 1 (CD1) and Cedars-Dennison 2 (CD 2)
These lines are 230 kV circuits operating at 115 kV

Under a conditional approval (CAA ID 2004-161),topl00 MW of Cornwall load can be supplied by St.
Lawrence TS via a radial connection of the 115 k¥uit L5C; Cedars GS and New York would be
required to supply the remaining load. In this agement, the Cedars GS bus is required to bevethit

CD 1 radially connected to the Hydro One transmissind CD 2 connected to the New York ISO.

A schematic diagram of the 115 kV transmissionesystin the Cornwall area is showrFigure 1.

St. Lawrence
N.O.
IP Boundary
L5C
NY-Ontario edars Rapids
Boundary McConnell Boundary ¢ Ra s
N A A Q
Cedars-Dennison 1 (CD 1) ‘
Cedars-Dennison 2 (CD 2)
N.O.
v
s vy St. Polycarp
Vo Courthaulds 3 Loyalist
Dennison NO- ) :Rosemount Adolphus
District Heating

Figure 1. Cornwall Electric 115 kV System



Cornwall Interconnection

2.4 Proposed Interconnection

The proposed interconnection for a single phadéeslm series with L5C is shown Figure 2. With this
connection arrangement, Cornwall Electric systethhvaive the ability to be supplied from Hydro One S
Lawrence TS, or Hydro Quebec’s Des Cedres GS, ar Xk ISO systems. A new interconnection
between the IESO-Controlled grid and New York Ww#l established via circuits CD 1 and CD 2.

The “single phase shifter in series with L5C” cgufiation will act as a starting point for the arsidy
Although it is the simplest means of interconnegtime IESO and Cornwall Electric systems, a conern
the thermal limitation that L5C presents. The sumeoaatinuous rating of L5C is about 108 MVA and its
Limited Time Rating (LTR) is 118 MVA; a recognizedntingency may result in L5C being overloaded.
The proponent is aware of this limitation and hsieed the IESO to examine alternatives. They irelud

(1) An upgrade to the existing L5C line, or
(2) A second line-phase shifter connection paradlel5C.

These options, shown Figure 3 andFigure 4, will be explored at the end of the report as mhtion
alternatives.

St. Lawrence
IP Boundary
L5C
NY-Ontario edars
Boundary McConnell Boundary C Rapids GS
. A A Q
Cedars-Dennison 1 (CD 1) |
Cedars-Dennison 2 (CD 2)
v
IS vy St. Polycarp
! il 3 Courthaulds 3 Loyalist
Dennison A > Adolphus
NY / e« Rosemount

&

District Heating
Figure 2. Proposed Interconnection with Single PhasShifter
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St. Lawrence
IP Boundary
L5C (upgrade)
NY-Ontario edars
Boundary McConnell Boundary C Raplds GS
A A Q
T Cedars-Dennison 1 (CD 1) T
Cedars-Dennison 2 (CD 2)
l '
I { St. Polycarp
) Courthaulds 3 Loyalist
D;;nils'g‘ ; I > Rosemount Adolphus

&l

District Heating

Figure 3. Alternative 1: Interconnection with Sirgle Phase Shifter and L5C Upgrade

St. Lawrence
IP Boundary
L6C L5C
NY-Ontario
Boundary McConnell Boundary Cedars Rapids GS
A A o
T Cedars-Dennison 1 (CD 1) T
Cedars-Dennison 2 (CD 2)
1 |
vV v St. Polycarp
. . (iourthaulds 7 Loyalist
Dennison - @ Rosemoun Adolphus
NYISO oy
4 TT
B District Heating

Figure 4. Alternative 2: Interconnection with Two Circuits and Two Phase Shifters

The continuous rating of circuits CD 1 and CD 2050 A (209 MVA @ 115 kV). Circuit L5C and the
double circuits from CD lines to Rosemount aredateabout 100 MVA. The connection applicant did
not provide the LTRs for the CD lines tapping tasBimount.

11
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Regardless of the configuration, with the new icd@nection, the flow on these tap lines could pidén
reach 139 MW for a maximum import on L5C into Omdaf 100MW at St. Lawrence and maximum
load at Rosemount (39 MW). For the loss of CD 1/&ZEhe companion circuit may be at risk of
overloading.

— End of Section —

12
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3. Short Circuit Assessment

Because this project involves the paralleling ad transmission systems and connection of additional
generation onto the IESO-controlled grid a shanduit assessment is required. Hydro One will be
performing short circuit studies when more detaikshnical specifications for the new voltage ragpr,
the phase shifter and the generation on the New 3ide will be provided by the proponent.

— End of Section —

13
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4. Phase Shifter Assessments

This section of the report determines a suitablth@rmal rating and (ii) angle spread for the gbin

phase shifter in series with L5C” configurationpaim inFigure 2. A phase shifter adequacy analysis
was also done whereby the angle spread was validatger various import and export scenarios between
Ontario and New York.

4.1 Study Assumptions

The load flow used for this assessment was basedsommer 2010 peak system forecast. This study was
performed assuming all existing facilities in seeyitogether with any facilities that have obtained
connection approvals and are committed to comenvice.

Two scenarios were prepared for the studies. Tingude:

S1: Maximum export at St. Lawrence on L33P andR_34
S2: Maximum import at St. Lawrence on L33P andR.34

The maximum import/export capability of L33P and#E3is 400 MW, 200 MW on each tie-line. The S1
and S2 scenarios effectively represent the extigmpert and extreme export conditions that the
interconnection could face.

The reactance of the phase shifter provided bgdmaection applicant is X= 0.1 p.u on a 100 MVAdas
Where specified, certain simulations were repeaitita limiting phase shifter reactance value o0

to understand the effect of varying the transformgyedance. To model the effect of phase shiftgiea
on impedance, the impedance correction table quuresng to phase shifter L33P was applied to thé L5
phase shifter. The correction table is showmable 2

Table 2. L5C Phase Shifter Impedance Correction Tae

Angle in degrees +40° +29.5° +25.19 +20.6 P o°

Impedance multiplier 1.660 1.331 1.228 1.144 1.0

The voltage regulator, in series with the L5C phslsiier, used in the studies had an impedance 7%
a 100 MVA base and an onload tap range of 0.937@opl.1022 pu to control reactive power. An
impedance correction table corresponding to thePL@8ltage regulator was applied to the L5C voltage
regulator. The correction table is showTable 3.

Table 3. L5C Voltage Regulator Impedance Correctio Table

Turns Ratio 0.9370 1.0000 1.0300 1.1000

Impedance multiplier 1.6410 1.0000 1.0200 1.4270

14
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A complete listing of the load flow data used todmlbthe Cornwall area can be found in Appendix A.

For the “single phase shifter in series with L5@hfiguration, CNP has suggested the use of a 108.MV
phase shifter. The rating of the phase shiftermwade based on the assumption that the value shotld
exceed the rating of line it is in series with.

Below inTable 4 are the ampacity values for L5C for a conductomerature of 71 °C operating at an
ambient temperature of 30° C and wind speed of Ahkrt was assumed that the flows are limited to
+100 MW for the studies prepared for this report.

Table 4. Circuit L5C Ratings

Winter Winter 15 min | Summer Summer 15 min
Continuous Continuous
Amps 700 770 540 590
MVA@115 kV 139 153 108 118

4.2 Phase Shifter Specifications

4.2.1 Thermal Rating

With L5C having a continuous rating of approximgat®00 MVA, the phase shifter must have a
continuous rating of at least 100 MVA.

4.2.2 Angle Spread

To determine the angle operating range of the plaifter, the flow at Cornwall via L5C was varied
between £100 MW for the two extreme import and ekpases on L33P and L34Power flows and
phase shifter angles were recorded for an impgrb>of 400 MW on L33P and L34P against various
flows at Cornwall. The results are summarizedable 5andTable 6.

Note: At first glance, results below indicate th8BP exceeds its current phase shifter operatingera
setting. L33P currently operates with a 40° angjhge starting from 0°. In real-time operatiomarges

in local generation would normally accompany impamnd exports transfers across phase shifters Thi
helps to minimize the phase shifter tap movemeéit. this study, local generation was not re-didpedc
with import/export transfers. An alternative medrio examine the effect of the new phase shiftethen
operating angle ranges of L33P and L34P would lobserve their phase angles displacements with
respect to the angles obtained under a 0 MW flaw @ornwall scenario.

A comparison of the L33P and L34P phase angl@sibie 5indicate that in the worse case, without
generation re-dispatch, both L33P and L33P phaftershchange by an additional 7° as a result f th
new interconnection. The new L5C interconnectioousd not have a material effect on the angle
operating ranges of L33P and L34P.

15



Table 5. Power Flows and Phase Shifter Angles faxport of 400 MW

Cornwall Interconnection

Flow on L5C
-100 MW 0 MW 100 MW
Actual Flow @ Cornwall (MW) -99.7 -0.2 100.4
Actual Flow @ L33P (MW) 198.2 200.3 204.8
Actual Flow @ L34P (MW) 201.1 199.1 202.4
L5C PS angle (°) -28.6 9.1 9.3
L33P PS angle (°) -30.6 -23.9 -17.8
L34P PS angle (°) -28.3 -22.1 -16
Note:
(1) where positive flow is into the St. LawrencdkV bus
Table 6. Power Flows and Phase Shifter Angles fémport of 400 MW
Flow on L5C
-100 MW 0 MW 100 MW
Actual Flow @ Cornwall (MW) -101.2 -0.3 -08.8
Actual Flow @ L33P (MW) -200 -200.3 -198.3
Actual Flow @ L34P (MW) -199 -200.2 -200
L5C PS angle (°) -5.5 12.5 32.2
L33P PS angle(°) 12.7 18.8 25.3
L34P PS angle (°) 10.9 17.2 23.6

Note:

(1) where positive flow is into the St. LawrenckV bus

The above results are also illustratedrigure 5 as a plot of the phase shifter angle versus aptiveer.

16
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N W B
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50 -1’0/5/ 50 mﬂ/qn 100 150
././ 20
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Active Power on L5C (MW)

=

Phase Shifter Angle (degrees)
D CS\

—e— Import 400 MW at St. Lawrence —s— Export 400 MW at St. Lawrence

Figure 5 Phase Shifter Angle versus Active Power drbC
As shown, under the assessed conditions, an iregpdrt range of 100 MW can be achieved with a phase

shifter operating capability of + 40Pigure 5illustrates that a 1° change in phase angle sesui 5 MW
change on this new tie.

4.3 Phase Shifter Angle Adequacy Study

A generation shift factor analysis was performeddtermine if a + 40° angle range is sufficient for
various import and export scenarios. The shiftdecsummarized imables 7and8 for a phase shifter
reactance of (i) X=0.1 and (ii) X=0 at neutral fagsitions.

Note: S1 and S2 generation shift factors are wighfferent numerically due the differences irth
generation and load patterns between the imporeapdrt cases.
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Table 7. Generation Shift Factor -400 MW Export on L33P and L34P

Brown’s Ferry to Lennox Brown'’s Ferry to Lennox to Moses
(srGL) & Moses g:Gwv ) & (LGwm) &
X=0.1 X=0 X=0.1 X=0 X=0.1 X=0
L33P® | -0.08530 -0.07839 0.11774 0.11013 0.20304 0.18852
L34P® | -0.10835 -0.09958 0.14956 0.13989 0.25791 0.23947
L5C@ | -0.03108 -0.05278 0.03426| 0.05820 0.06534 0.1109|8
Notes:

(1) where positive flow is flow away from the St. Lawoe 230 kV bus
(2) where positive flow is flow away from the St. Lawoe 115 kV bus
(3) wheregr G | represents a generation increase at Brown'’s Fadyaageneration decrease at Lennox
(4) wheregr Gy represents a generation increase at Brown’s Fedyaayeneration decrease at Moses
(5) where_ Gy, represents a generation increase at Lennox andeaa®n decrease at Moses and

LGm = -8eG L +8eGu

Table 8. Generation Shift Factor 400 MW Import on L33P and L34P

Brown'’s Ferry to Lennox Brown’s Ferry to Lennox to Moses
(seG L)@ Moses Gy ) @ (LGw)®
X=01 X=0 X=01 X=0 X=01 X=0
L33P® | -0.08748 -0.08030 0.12071 0.112872 0.20819 0.19312
L34P® | -0.10981 -0.10053 0.15151 0.14123 0.26132 0.241)6
L5C @ -0.02980 -0.05173 0.03255 0.05661 0.06235 0.108B4
Notes:

(1) where positive flow is flow away from the St. Lawoe 230 kV bus
(2) where positive flow is flow away from the St. Lawoe 115 kV bus
(3) wheregrG | represents a generation increase at Brown'’s Fadyaageneration decrease at Lennox
(4) wheregr Gy represents a generation increase at Brown’s Fedyaayeneration decrease at Moses
(5) where_ Gy, represents a generation increase at Lennox andeaa®n decrease at Moses and

LGm = -8eG L +8e Gy

Based on the generation shift factors abdadle 9 summarizes the change in flow on L5C and phase
shifter angle due to a generation shift of 1000 M¥%veen Ontario and New YorkG ). The change
in phase shifter angle was calculated assumingcadrige in phase shifter angle results in a 5 MW
change in flow on L5C.

18



Cornwall Interconnection

Table 9. Changes in L5C Flow and Phase Shifter Anglfor 1000 MW Generation Shift

Generation Shift of 1000 MW

L5C FlowA Phase Shifter Angla
AT PN X=0" X=0.1 X=0
Export 65.3 111.0 13.1° 22.2°
Import 62.3 108.3 12.5° 21.7°
Note:

(1) In the limiting phase shifter impedance cas&)00 MW shift between Ontario and New York worddult in

L5C being overloaded.

Assuming that the phase shifter is controlled tpi@3r to the transfer, both impedance cases shatet
phase shifter with a £ 40° angle range can handidaitional 1000 MW export/import between Ontario
and New York.

A phase shifter with a larger impedance will leavare angle room on the phase shifter after an itrgror

an export transaction.
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5. System Impact Studies

This section of the report examines the impact ‘siregle phase shifter in series with L5C” configtion
on the reliability of the IESO-controlled grid.

In particular, this section analyzes
() the effect of the proposed connection onayspre and post contingency voltages and

(i) the impact of the Cornwall interconnection iomport/export capability between Ontario-New Y @itk
St. Lawrence based on thermal loading

5.1 Voltage Assessments

* The IESO's Market Rules (Appendix 4.1) indicatertiieimum continuous voltage is 113 kV for a
115 kV system.

e The IESO Transmission Assessment Criteria (4.3ageltChange Limits) indicates that voltage
declines should be less than 10%.

A simulation was performed to determine the eftectocal voltages in Cornwall for (i) the loss &C,
(i) the loss of L33P, (iii) the loss of L34P, afid) the loss of L33P+L34P. The results are sumpaakin
Appendix B.

Results indicate that post contingency voltages-(icrTC and post-ULTC) are generally within 2% of
pre-contingency values. Post-contingency declinesvall within the 10% pre-ULTC and 10% post-
ULTC voltage decline criteria set forth by the IESO

It can be concluded that:

* The addition of the new Cornwall interconnectiofl wot impose any materially adverse Voltage
Quality Limits on its surrounding area.

5.2 Thermal Loading Assessments

5.2.1 Outage Distribution Analysis

An outage distribution analysis was performed tiechaine the allowable active power operating ramige
the phase shifter, while respecting its continuaiti®lg. Factors were calculated for L33P, L34P 5@
under various contingencies at the export and itripeels of + 400 MW on L33P and L34P. The results
are summarized ifiables 10and1l

The analysis was performed under two sets of pslaifier reactances i) X=0.1 pu and ii) X=0 pu to
examine the effect of impedance.

Note: the S1 and S2 outage distribution factoességhtly different between import and export soers
due to differences in generation and load patteetween import and export cases.

20



Cornwall Interconnection

Table 10. S1 Outage Distribution Factors -High Exprts on L33P and L34P

Loss of Loss of Loss of L33P O/S L34P O/S
L33P L34 P L5C Loss of L34P Loss of L33P
X=0.1| X=0 | X=0.1| X=0 | X=0.1| X=0 | X=0.1| X=0 | X=0.1 | X=0
L33P® | -1 -1 0.468 | 0.415/ 0.318 0.318 0 0 -1 -1
L34P® | 0.528| 0.474 -1 -1 0.404 0.404 -1 -1 0 0
L5C® | 0.139| 0.230| 0.157 0.25% -1 -1 0.295 0.486  0.295 43@.
Notes: (1) where positive flow is flow away frahe St. Lawrence 230 kV bus
(2) where positive flow is flow awap the St. Lawrence 115 kV bus
Table 11. S2 Outage Distribution Factors - High Imprts on L33P and L34P
Loss of Loss of Loss of L33P O/S L34P O/S
L33P L34 P L5C Loss of L34P Loss of L33P
X=0.1| X=0 | X=0.1| X=0 | X=0.1| X=0 | X=0.1 | X=0 | X=0.1 | X=0
L33P® | -1 -1 0.484| 0.427| 0.329 0.324 0 0 -1 -1
L34P® | 0.540| 0.483 -1 -1 0.407 0.406 -1 -1 0 0
L5C® | 0.135| 0.227| 0.151] 0.251 -1 -1 0.293  0.488  0.293 439.
Notes: (1) where positive flow is flow away frahe St. Lawrence 230 kV bus

(2) where positive flow is flow awapi the St. Lawrence 115 kV bus
The post-contingency flow on L5C can be determimgthe following equations shown Trable 12

Table 12. L5C ODF Equations

Loss of ODF Equation

L33P L5Gos= L5CetODF*"*.33P,

L34P L5Gos= L5C,ctODF*P*.34P,

L33P+L34P L5Gos= L5CyetODF**7133P 33P, . +ODF 4% 34P,

In the event that L33P or L34P is lost, approxinyatd% to 26% of its pre-contingency flow will apgre
on L5C. Assuming a maximum L33P or L34P flow 002@W, this is roughly about 28 to 52 MW of
added flow on L5C. Therefore, the flow on L5C wvhiflve to be limited pre-contingency to ensureithat
does not exceed its continuous rating of £100 M\&tymontingency.

Based on the ODF Equations, the loss of L33P+L3dlRaesult in the greatest loading on L5C.
In the event that L33P+L34P is lost, approximagd9o to 44% of the pre-contingency flow on L33P and
L34P will appear on to L5C. At high L33P and L3##port/export levels, this would result in L5C

exceeding its continuous rating of £100 MW.

Table 13summarizes the allowable pre-contingency operdlovgrange on L5C under the maximum
import and export levels on L33P and L34P. Theapey flow range on L5C for all levels of impora
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export levels on L33P and L34P is illustratedrigure 6. A typical phase shifter impedance value will
result in a larger operating range.

Table 13. L5C Operating Range to Respect the loe§ 400 MW on L33P+L34P

L5C Operating Rande
X=0.1 X=0
Import -100 MW <L5C< -17.2 MW | -100 MW <L5C< -75 MW
Export 18 MW < L5C <100 MW 74.4< L5C <100 MW

Note:

(1) where positive flow is into the St. LawrencdkV bus

74.4

-500 -400 -300 %\100 100
5O

Flow on L5C (MW)

150
1TOoU

Flow on L33P and L34P (MW)

—e— With Limiting Phase Shifter Impedance —s— With Typical Phase Shifter Impedance Boundary

Figure 6 Permissible Flow on L5C Respecting Loss &f33P and L34P

It should be noted that these results indicate tnaer a high L33P and L34P export scenario, Gotari
would be required to import from Cornwall. Similarunder a high L33P and L34P import scenario,
Ontario would be required to export to Cornwall.his would result in a reduction in import and estpo
capabilities for the L33P/L34P/L5C interface

High import and export flows are often the flowtpats observed on L33P and L34Hgure 7 shows

the active power flow on L33P and L34P in 1 Hr ager samples during the period from October 2005 to
October 2006. The illustration shows a high prdigf large import/export power flows on L33Pdn
L34P (over 200 MW). Thus given a “single phasétshin series with L5C” configuration, the above
operating restrictions would likely have to be eném at all times, thus resulting in a definiteréase in

the import and export capability of the IESO-Cohéa grid.
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Figure 7 Power Flow on L33P/L34P

To address the decrease in import/export capabifiler high Ontario-New York import/conditions, the
are three possible solutions in which the propooantundertake:

Al. Install a Special Protection System to crogsfor the loss of L33P and L34P
A2. Upgrade L5C
A3. Revise configuration to a two phase shiftew time interconnection

The phase shifter requirements outlined in Sectidrwould still be applicable for Option A1. New
phase shifter requirements would be needed foro@etA2 and A3.

5.2.2 Al: L5C Cross-Tripping Scheme

One possible solution to address the decreaseportfexport capability under high Ontario-New York
power transfers would be to provide a scheme tloatddvcross trip for the loss of L33P and L34P.

The sole purpose of this scheme would prevent oadihg on L5C in the event that both L33P and L34P
are lost.

Voltage declines for the loss of L33P, L34P and [2B€ summarized in Appendix C. Voltage declines
are within IESO criteria.

In order to comply with the IESO's criteria, thgesial protection scheme will have to be fully nedant
and with separate communication paths. The schesnémeed to be capable of meeting the 'Special
Protection System Criteria’, as detailed in the RRIbcument A-11.

The cross-tripping scheme could be installed at bb@t Cedars-Dennison 1 and Cedars-Dennison 2 of
the New York interconnection, or both. It shoutnnted that this scheme would require concurrence
from New York. Studies by NYISO would be requiredveell as an agreement from both Ontario and
New York.
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5.2.3 A2: L5C Upgrade

Another solution the proponent could undertake ispggrade L5C to a conductor with higher thermal
ratings. The proposed configuration is showhRigure 3.

A study consisting of an outage distribution facoalysis and phase shifter angle spread analysis w
performed to determine the minimum upgrades thedimd phase shifter would require. The study was
conducted under high import and export scenarids3&P and L34P and assumed a limiting phase shifter
transformer reactance of X = 0 pu. Although L5@uld be increased to a higher rating, the analysis
assumed the maximum flow remains at 100 MW.

The analysis and results are summarized in Appeddix

From the analysis, it was determined that:

e For L5C to operate within £ 100 MW pre-contingerand be within the limits for the loss of L33P
and L34P, the 4.2 km of line length can be upgradedd1192.5 ACSR 54/19 conductor with a
continuous rating of 275 MVA.

« The L5C phase shifter requires a continuous raifrag least 275 MVA
* The L5C phase shifter requires an angle rangelefat + 40 °.

5.2.4 A3: Two Phase Shifter Two Line Interconnectin

The third solution the proponent could undertak® isonnect a new 115 kV line, L6C, and phaseeshift
in parallel with the existing L5C line. With theenfiguration, the impact of a L33P and L34P
contingency would be reduced as pre and post gty flows are shared between the two lines. The
proposed configuration is shownkigure 4.

A study consisting of an outage distribution factoalysis and phase shifter angle spread analgsis w
performed to determine the minimum requirementditigeand two phase shifters. Despite the incr@ase
capability of the additional line, the analysistamss that the maximum flow between the Ontario-
Cornwall interconnection remains at 100 MW; theltfiows on L5C and L6C cannot exceed 100 MW at
any time.

The analysis and results are summarized in Appdadix
From the analysis it was determined that:

e L6C of conductor type 605 ACSR 54/7 and continupuated for 200 MVA would allow the
Ontario-Cornwall interconnection to operate witktDOMW, pre-contingency.

* Under high imports/exports on L33P and L34P, the/fbn L5C will have to be limited within a

operating range as shownTable 14 The limitation on L5C would be dependant on ghstsfter
impedance and is more restrictive with decreashagse shifter impedance.
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Table 14. L5C Operating Range to Respect the Los$ 400 MW on L33P and L34P

Condition on L33P and L34P| L5C Operating Rande

X=0.1 X=0.0
High Import -100<L5G,<23.2 -100<L5Gy,<2
High Export -21.2<L.56,,<100 -4.4<1.5G,,<100

Note:
(1) a positive flow value represents flow into Sawrence.

The L5C and L6C phase shifters require continuatisgs of at least 100 MVA and at least 200
MVA respectively

The L5C and L6C phase shifters both require aragiges of at least + 40 °

5.2.5 Conclusions

The following conclusions were obtained from therstadies:

A “single phase shifter-existing L5C series” configtion would result in a reduction in
interconnection transfer capability at St. Lawrence

A special protection scheme rejecting L5C for thslof L33P/L34P would be required to accompany
a “single phase shifter-existing L5C series” OmtaCiornwall Interconnection to prevent this
reduction in interconnection transfer capabilitysatLawrence.

Upgrading L5C to a 1192.5 ACSR 54/19 conductor wittontinuous rating of 275 MVA would
alleviate the reduction in transfer capability afidw L5C operation within £100 MW. The upgrade
in L5C will require a phase shifter with a contimgaating of at least 275 MVA and angle range of at
least + 40 °.

A two phase shifter two line interconnection cotisgsof the existing L5C line and a new L6C line of
conductor type 605 ACSR 54/7 and continuously réae@00 MVA would also alleviate the
reduction in transfer capability and allow L5C agteon within £100 MW. This configuration would
require a L5C and L6C phase shifters with contisuatings of at least 100 MVA and 200 MVA
respectively and angle ranges of at least + 40dte, to accommodate for the thermal limitations of
the existing L5C line, pre-contingency operatirgifllimits will be required on L5C.
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Appendix A Cornwall Load Flow Model

rdch

1

89378,'ROSTAP1 ', 115.0000,1, 0.000, 0.000,
89379,'ROSTAP2 ', 115.0000,1, 0.000, 0.000,
89380,'ROSTTS1 ', 115.0000,1, 0.000, 0.000,
89381,'ROSTTS2 ', 115.0000,1, 0.000, 25.000,
89382,'ROSETTS ', 12.5000,1, 0.000, 0.000,
89383,'ICI HT ', 115.0000,1, 0.000, 0.000,
89384,'ICI LT ', 115.0000,1, 0.000, 0.000,
89385,'MCCON1 ', 115.0000,1, 0.000, 0.000,
89386,'MCCON?2 ', 115.0000,1, 0.000, 0.000,
89387,'MCCONTS ', 12.5000,1, 0.000, 0.000,
89388,/ADOLTS1 ', 115.0000,1, 0.000, 0.000,
89390,/ADOLT1 ', 115.0000,1, 0.000, 0.000,
89391,'ADOLT?2 ', 115.0000,1, 0.000, 0.000,
89392,'ADOL LT, 12.5000,1, 0.000, 0.000,
89393,'COGEN12"', 4.0000,2, 0.000, 0.000,
89395,'COURH1 ', 115.0000,1, 0.000, 0.000,
89396,'COURH?2 ', 115.0000,1, 0.000, 0.000,
89397,'COURHLT ', 12.5000,1, 0.000, 0.000,
89398,'LOYAL1 ', 115.0000,1, 0.000, 0.000,
89399,'LOYAL?2 ', 115.0000,1, 0.000, 0.000,
2,'LOYALHT ', 115.0000,1, 0.000, 0.000, 707
3,BOUND1 ', 115.0000,1, 0.000, 0.000, 707
4,'BOUND2 ', 115.0000,1, 0.000, 0.000, 707
5,BOUNDLT ', 12.5000,1, 0.000, 0.000, 707
6,,CED LT1"', 11.0000,2, 0.000, 0.000, 704
7,CEDLT2 ', 11.0000,2, 0.000, 0.000, 704
8,'LOYALLT', 12.5000,1, 0.000, 0.000, 707
9,'A-CTAP 1', 115.0000,1, 0.000, 0.000, 707
10,'A-CTAP2 ', 115.0000,1, 0.000, 0.000, 70
0/ END OF BUS DATA, BEGIN LOAD DATA
89382,'1',1, 707,999, 46.500, 18.120, O
89384,'1'1, 707,999, 0.810, 0.310, O
89387,'1',1, 707,999, 21.800, 8.500, O
89392,'1'1, 707,999, 12.700, 5.000, O

89397,1'1, 707,999, 41.200, 16.060, O

707, 999,0.99768,
707, 999,0.99389,
707, 999,0.99666,
707, 999,0.99246,
707, 999,0.96976,
707, 999,0.99244,
707, 999,0.99150,
707, 999,0.99701,
707, 999,0.99329,
707, 999,0.97443,
707, 999,0.99520,
707, 999,0.99563,
707, 999,0.99289,
707, 999,0.97618,
707, 999,0.94814,
707, 999,0.99383,
707, 999,0.99130,
707, 999,0.97292,
707, 999,0.99714,
707, 999,0.99467, -57.7543,
, 999,0.99624, -57.0611,

, 999,0.99767, -56.9104,

, 999,0.99523, -57.6680,

, 999,0.97900, -58.3448,

, 840,0.98439, -52.2002,

, 840,0.98608, -52.0025,

, 999,0.97579, -60.6738,

, 999,0.99662, -57.0651,

7,999,0.99357, -57.9241,

.000,
.000,
.000,
.000,

.000,
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0.000,
0.000,
0.000,
0.000,

0.000,

0.000,
0.000,
0.000,
0.000,

0.000,

-57.0380,
-58.0590,
-57.1781,
-58.2683,
-65.7791,
-58.2703,
-58.4118,
-57.0554,
-58.0072,
-62.9582,
-57.1437,
-57.1170,
-57.9556,
-590.5434,
-57.5930,
-57.2049,
-58.0289,
-62.6601,
-56.9803,

PRPRRPRPRPRPPRPRPRPEPRPREPRPRREPRERE

1
1
1
1
1
1
1
1

1

0.000,
0.000,
0.000,
0.000,

0.000,

e



5'1"1,707,999, 2.400, 0.000, 0.000
8,'1"1,707,999, 16.200, 6.340, 0.000
0/ END OF LOAD DATA, BEGIN GENERATOR DATA
89393,'12', 5.000, 3.000, 3.000, -1.
0.00000, 0.00000,1.00000,1, 100.0, 5.000,
6,/’1', 100.000, 21.415, 50.000, -25.000,
0.00000, 0.00000,1.00000,0, 100.0, 100.000,
7,1', 50.000, 25.000, 25.000, -15.000,
0.00000, 0.00000,1.00000,1, 100.0, 50.000,
0/ END OF GENERATOR DATA, BEGIN BRANCH DATA
78017,89378,'1', 0.00711, 0.05397, 0.00845,
0.00000, 0.00000,1, 16.58, 1,1.0000

78017, 89379,/1', 0.00711, 0.05397, 0.00845,
0.00000, 0.00000,1, 16.58, 1,1.0000
85508,-3,'1", 0.02620, 0.19896, 0.03114,
0.00000,1, 61.13, 1,1.0000

85508,-4,'"1 ", 0.02620, 0.19896, 0.03114,
0.00000,1, 61.13, 1,1.0000

89378, 89380,'1', 0.00089, 0.00246, 0.00032,
0.00000, 0.00000,1, 0.69, 1,1.0000
89378,-89385,'1', 0.00107, 0.00812, 0.00127,
0.00000, 0.00000,1, 2.50, 1,1.0000

89379, 89381,'1', 0.00089, 0.00246, 0.00032,
0.00000, 0.00000,1, 0.69, 1,1.0000
89379,-89386,'1', 0.00107, 0.00812, 0.00127,
0.00000, 0.00000,1, 2.50, 1,1.0000

89381, 89383,'1', 0.00096, 0.00456, 0.00054,
0.00000, 0.00000,1, 1.22, 1,1.0000

89385, 9,'1', 0.00060, 0.00456, 0.00071,
0.00000,1, 1.40, 1,1.0000

89386, 10,'1', 0.00060, 0.00456, 0.00071,
0.00000,1, 1.40, 1,1.0000

89388, 89390,'1', 0.00316, 0.00703, 0.00092,
0.00000, 0.00000,1, 1.95, 1,1.0000
89390,-89395,'1 ", 0.00389, 0.00866, 0.00114,
0.00000, 0.00000,1, 2.40, 1,1.0000
89390,-9,'1', 0.00167, 0.00372, 0.00049,
0.00000,1, 1.03, 1,1.0000

89391,-89396,'1 ', 0.00389, 0.00866, 0.00114,
0.00000, 0.00000,1, 2.40, 1,1.0000

Cornwall Interconnection

, 0.000, 0.000, 0.000, 1

, 0.000, 0.000, 0.000, 1

000,1.00000, 0, 6.000, 0.00000, 0.20000,
0.000, 1,1.0000

1.00000, O, 150.000, 0.00000, 0.22000,
0.000, 1,1.0000

1.00000, O, 150.000, 0.00000, 0.22000,
0.000, 1,1.0000

204.00, 0.00, 0.00, 0.00000, 0.00000,
204.00, 0.00, 0.00, 0.00000, 0.00000,

0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000

0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000
0.00, 0.00, 0.00, 0.00000, 0.00000,
0.00, 0.00, 0.00, 0.00000, 0.00000,
0.00, 0.00, 0.00, 0.00000, 0.00000,
0.00, 0.00, 0.00, 0.00000, 0.00000,
0.00, 0.00, 0.00, 0.00000, 0.00000,

0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000

0.00, 0.00, 0.00, 0.00000, 0.00000, 0.000
0.00, 0.00, 0.00, 0.00000, 0.00000,
0.00, 0.00, 0.00, 0.00000, 0.00000,

0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000

0.00, 0.00, 0.00, 0.00000, 0.00000,
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89391,-10,'1 ", 0.00167, 0.00372, 0.00049, 0.00, 0.00, 0.00, 0.00000, 0.00000, 0.000
0.00000,1, 1.03, 1,1.0000
89398, 2,'1', 0.00143, 0.00927, 0.00851, 0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000
0.00000,1, 2.04, 1,1.0000
89398, 3,'1', 0.00040, 0.00304, 0.00048, 0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000
0.00000,1, 0.93, 1,1.0000
89398,-9,'1 ', 0.00079, 0.00597, 0.00093, 0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000
0.00000,1, 1.84, 1,1.0000
89399, 4,'1', 0.00040, 0.00304, 0.00048, 0.00, 0.00, 0.00, 0.00000, 0.00000, 0.0000
0.00000,1, 0.93, 1,1.0000
89399,-10,'1 ", 0.00079, 0.00597, 0.00093, 0.00, 0.00, 0.00, 0.00000, 0.00000, 0.000

0.00000,1, 1.84, 1,1.0000
0/ END OF BRANCH DATA, BEGIN TRANSFORMER DATA

85508,6, 0,1'1,1,1, 0.00000, 0.00000,2, "1, 1,1.0000
0.00000, 0.00670, 100.00
1.05000, 0.000, 0.000, 0.00, 0.00, 0.0 0,0, 0,1.10000,0.90000, 1.01000, 0.98000, 3

0.00000, 0.00000
1.00000, 0.000

85508,7, 0,1'1,1,1, 0.00000, 0.00000,1, "1, 1,1.0000
0.00000, 0.00670, 100.00
1.05000, 0.000, 0.000, 0.00, 0.00, 0.0 0,0, 0,1.10000, 0.90000, 1.01000, 0.98000, 3

0.00000, 0.00000
1.00000, 0.000

89381,89382, 0,'1'1,1,1, 0.00000, 0.00000, 2, "1, 1,1.0000
0.00000, 0.80000, 100.00
0.96250, 0.000, 0.000, 10.00, 0.00, 0.0 0, 1, 89382, 1.10000, 0.90000, 1.01000, 0.98000, 3

0.00000, 0.00000
1.00000, 0.000

89381,89382, 0,2'1,1,1, 0.00000, 0.00000, 2, "1, 1,1.0000
0.00000, 0.94000, 100.00
0.96250, 0.000, 0.000, 18.00, 0.00, 0.0 0, 1, 89382, 1.10000, 0.90000, 1.01000, 0.98000, 3

0.00000, 0.00000
1.00000, 0.000

89381,89382, 0,'3'1,1,1, 0.00000, 0.00000, 2, "1, 1,1.0000
0.00000, 0.80400, 100.00
0.96250, 0.000, 0.000, 10.00, 0.00, 0.0 0, 1, 89382, 1.10000, 0.90000, 1.01000, 0.98000, 3

0.00000, 0.00000

1.00000, 0.000

89384,89383, 0,1'1,1,1, 0.00000, 0.00000, 1 "1, 1,1.0000
0.00000, 0.30000, 100.00
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1.00000, 0.000, 0.000, 30.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

89386,89387, 0,/1'1,1,1, 0.00000, 0.00000,
0.00000, 0.39050, 100.00

0.98125, 0.000, 0.000, 21.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

89388,89392, 0,1'1,1,1, 0.00000, 0.00000,
0.00000, 0.52500, 100.00

1.00625, 0.000, 0.000, 18.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

89392,89393, 0,'1'1,1,1, 0.00000, 0.00000,
0.00000, 0.60000, 100.00

1.05000, 0.000, 0.000, 10.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

89395,89397, 0,/1'1,1,1, 0.00000, 0.00000,
0.00000, 0.42000, 100.00

0.98125, 0.000, 0.000, 21.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

89396,89397, 0,'1'1,1,1, 0.00000, 0.00000,
0.00000, 0.42000, 100.00

0.98125, 0.000, 0.000, 21.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

2,8, 0/1'1,1,1, 0.00000, 0.00000,2,
0.00000, 0.38050, 100.00

0.99375, 0.000, 0.000, 21.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

35 0,/1'1,1,1, 0.00000, 0.00000,2,
0.00000, 1.00000, 100.00

1.01875, 0.000, 0.000, 10.00, 0.00, 0.0
0.00000, 0.00000

1.00000, 0.000

Cornwall Interconnection

0, 1, 89384, 1.10000, 0.90000, 1.01000, 0.98000, 3

2 "1, 1,1.0000

0, 1, 89387, 1.10000, 0.90000, 1.01000, 0.98000, 3

2 "1, 1,1.0000

0, 1, 89392, 1.10000, 0.90000, 1.01000, 0.98000, 3

2 "1, 1,1.0000

0,0, 0,1.10000, 0.90000, 1.01000, 0.98000, 3

2 "1, 1,1.0000

0, 1, 89397, 1.10000, 0.90000, 1.01000, 0.98000, 3

2 "1, 1,1.0000

0, 1, 89397, 1.10000, 0.90000, 1.01000, 0.98000, 3

"1, 1,1.0000

0, 1, 8, 1.10000, 0.90000, 1.01000, 0.98000, 33,0

"1, 1,1.0000

0, 1,5, 1.10000, 0.90000, 1.01000, 0.98000, 33,0
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Cornwall Interconnection

Appendix B: Voltage Analysis

Dennison (Voltage) Cedars (Voltage) Rosemount (Voltage)
flow into flow into
- Ontario from Ontario % % % % % %
Contingency L33P+ L34 P from Pre - Pre - Decline | Post- | Decline | Pre- Pre - Decline | Post- | Decline Pre- Pre- | Decline | Post- | Decline

@St.Lawrence | Cornwall | Conting ULTC Pre - ULTC Post - | Conting ULTC Pre - ULTC Post - | Conting | ULTC Pre - ULTC Post -

(MW) (MW) ULTC ULTC ULTC ULTC ULTC ULTC

400 -100 116.97 116.15 -0.70 116.16 -0.69 124.65 123.70 -0.76 123.72 -0.75 115.07 | 113.67 -1.22 113.69 -1.20

Loss of L5C 100 115.94 116.33 0.34 116.33 0.34 123.63 123.83 0.17 123.84 0.17 113.54 | 113.85 0.28 113.86 0.28
-400 -100 118.80 118.64 -0.14 | 118,63 | -0.14 125.93 125.91 -0.02 | 12591 | -0.02 11858 | 118.19 | -0.33 | 118.18 | -0.34

100 118.01 118.54 0.44 118.49 0.40 125.85 125.90 0.04 125.90 0.04 117.18 | 118.11 0.79 118.07 0.76

400 -100 116.97 117.02 0.04 117.02 0.04 124.65 124.62 -0.03 124.62 -0.03 115.07 | 115.03 -0.04 115.03 -0.03

Loss of L33P 100 115.94 116.35 0.36 116.35 0.36 123.63 124.02 0.32 124.03 0.32 11354 | 114.12 0.51 114.12 0.51
-400 -100 118.80 118.85 0.04 118.77 | -0.02 125.93 125.93 0.00 125.93 0.00 118.58 | 118.65 0.05 11854 | -0.04

100 118.01 117.83 -0.16 | 117.78 | -0.19 125.85 125.82 -0.02 | 125.82 | -0.02 117.18 | 116.81 | -0.31 | 116.79 | -0.33

400 -100 116.97 117.01 0.03 117.01 0.03 124.65 124.59 -0.05 124.59 -0.05 115.07 | 114.99 -0.07 114.99 -0.07

Loss of L34P 100 115.94 116.38 0.38 116.38 0.38 123.63 124.05 0.34 124.05 0.34 113.54 | 114.15 0.54 114.16 0.54
-400 -100 118.80 118.83 0.03 118.74 | -0.05 125.93 125.93 0.00 125.93 0.00 118.58 | 118.63 0.04 11852 | -0.05

100 118.01 117.76 -0.22 | 117.71 | -0.26 125.85 125.82 -0.02 | 125.82 | -0.02 117.18 | 116.73 | -0.38 | 116.71 | -0.40

400 -100 116.97 116.89 -0.07 116.89 -0.07 124.65 12417 -0.38 124.18 -0.38 115.07 | 114.40 -0.58 114.41 -0.57

Loss of L33P + 100 115.94 117.37 1.24 117.37 1.23 123.63 124.94 1.06 124.94 1.06 113.54 | 115.46 1.69 115.46 1.69
L34P -400 -100 118.80 118.79 -0.01 | 11859 | -0.18 125.93 125.93 0.00 125.90 | -0.02 11858 | 118,50 | -0.07 | 118.05 | -0.45
100 118.01 116.85 -0.98 | 117.10 | -0.77 125.85 124.99 -0.68 | 12533 | -0.41 117.18 | 115.06 | -1.81 | 11556 | -1.38
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Appendix C: Al- Cross Tripping Voltage Analysis

Cornwall Interconnection

Dennison (Voltage) Cedars (Voltage) Rosemount (Voltage)
flow into flow into
: Ontario from Ontario % % % % % %
Contingency L33P+ L34 P o Pre - Pre - Decline | Post- | Decline | Pre- Pre - Decline | Post- | Decline Pre- Pre - | Decline | Post- | Decline
@St.Lawrence | Cornwall | Conting ULTC Pre - ULTC Post - | Conting ULTC Pre - ULTC Post - | Conting | ULTC Pre - ULTC Post -
(MW) (MW) ULTC ULTC ULTC ULTC ULTC ULTC
Loss of 400 -100 116.97 116.77 -0.18 116.77 -0.17 124.65 12412 -0.42 124.13 -0.41 115.07 | 114.27 -0.70 114.28 -0.69
L33P+L34P+L5C 100 115.94 116.75 0.70 116.75 0.70 123.63 124.14 0.41 124.14 0.41 113.54 | 114.28 0.65 114.28 0.65
-400 -100 118.80 118.67 -0.11 | 118.67 | -0.11 125.93 125.91 -0.02 | 12591 | -0.02 118.58 | 118.22 | -0.31 | 118.22 | -0.31
100 118.01 118.65 0.54 118.65 0.54 125.85 125.91 0.05 125.91 0.05 117.18 | 118.21 0.88 118.20 0.87
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Cornwall Interconnection

Appendix D: A2 — L5C Upgrade Analysis

The A2 Ontario-Cornwall interconnection configuoaticalls for an upgraded L5C line in series with a
phase shifter. The configuration is showirigure 3 of the main report.

The following analysis was done to determine theessary upgrade to L5C and phase shifter
requirements, such that the Ontario-Cornwall ildernection could handle the loss of L33P and L34P
without reducing the Ontario-New York transfer daifity.

The analysis was divided into two steps:

a) Outage distribution factors were obtained witheRisting L5C line to determine an appropriate
summer continuous rating for the upgrade.

b) Outage distributions factors were re-calculatedhhie new line specifications to ensure it can kand
a L33P and L34P contingency. A phase shifter asglead analysis was also done to determine an
appropriate angle range for the phase shifter.

(a) Outage Distribution Factors using existing L5dine

The following table shows the pre-contingency flgvesitage distribution factors, and post-contingenc
flows obtained under high imports and high export4. 33P and L34P and assuming a phase shifter
reactance of X=0 pu.

Note: outage distribution factors are slightlyfelient between import and export scenarios due to
differences in load and generation patterns.

ODFs and Flows obtained with existing L5C line

Scenario| L5Cye® | L33Pye™ L34, ODF-3P 1337 | QDR3P 1347 || 5C, @
Import | -100 -200 -200 0.438 0.438 -275.2
Export | 100 200 200 0.436 0.436 274.4

Notes: (1) where positive flow is flow away frahe St. Lawrence 230 kV bus
(2) where positive flow is flow awap the St. Lawrence 115 kV bus

The results above indicate the import scenarioastrimiting.
Assuming active power is equal to apparent powalVVA), the current corresponding to 275.2 MW

is about 1=1381.62 A, where 1=8*V and V=115 kV. A new line with a summer contous rating of
about 1380 A would be required for an upgraded L&€E

(b) Outage Distribution Factors using upgraded L5dine

According to data from the Hydro One Secure Opeanatiwvebsite, a 1192.5 ACSR 54/19 has a summer
continuous rating of approximately 1380 A.
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Applied to a length of 4.2 km, an upgraded L5C lvith a 1192.5 ACSR 54/19 conductor would have the

following properties:

Cornwall Interconnection

Line Specifications for L5C upgrade

R X B Winter Winter 15 min
Continuous (A) | (A)

0.00173 0.01450 0.00203 1530 1810

Summer Summer 15 min | Conduct size Cond stranding

Continuous (A)

(A)

1390

1630

1192.5

54/19

The following table shows the pre-contingency flowsitage distribution factors, and post-contingenc
obtained under high imports and high exports onRL88d L34P and assuming a phase shifter reactance
of X=0 pu with the upgraded L5C line.

The post flow on L5C is expressed in both an agiimeer and current value. Note: outage distrdouti
factors are slightly different between import amgat scenarios due to differences load and geperat
patterns.

ODF’s obtained with upgraded L5C line

Scenario| L5Cye? | L33Pye™ | L34,." | ODF3*" 337 | ODF3 3% | | 5C,06? | L5Cp0s?
MW) | (A)

Import -100 -200 -200 0.440 0.440 -276 1386

Export 100 200 200 0.439 0.439 275.6 1384

Notes: (1) where positive flow is flow away frahe St. Lawrence 230 kV bus

(2) where positive flow is flow awap the St. Lawrence 115 kV bus

The following are the results of a flow variatidndy used to determine an appropriate angle raogdné
L5C phase shifter. The flow of the phase shiftaswaried between +100 MW given a high import or
high export scenario. Results indicate that arearagge of at least + 40 © is required.

Scenario L5C Phase Shifter Conditions
Flow on L5C® Angle (°)
Import 400 100 32.0
-100 -6.0
Export 400 100 9.7
-100 -29.0
Notes:

(1) where positive flow is into the St. Lawrencé& XV bus
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Cornwall Interconnection

The above results are illustrated below as a flphase shifter angle versus active power. As show
from the graphs, 1° change in phase angle wouldtiesa 5 MW change on this new tie.

(©)

1)

2)
3)

-150 -mo/ -50 1n 50 100 150

Phase shifter Angle (Degrees)

(e}

A
4

Active Power on L5C (MW)

—e— Import 400 MW at St. Lawrence —a— Export 400 MW at St. Lawrence

Conclusions

For L5C to operate within = 100 MW pre-contingenthe 4.2 km of line length can be upgraded to a
1192.5 ACSR 54/19 conductor with a continuous atih275 MVA.

The L5C phase shifter requires a continuous raifrag least 275 MVA.
The L5C phase shifter requires an angle rangelegat + 40 °.
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Cornwall Interconnection

Appendix E: A3 — Two Phase Shifter Two
Line Analysis

The A3 Ontario-Cornwall interconnection configueoaticalls for two 115 kV lines and two phase shifter

This configuration employs the existing L5C linlgrag with a new 115 kV line, L6C. The configuratio

is shown inFigure 4 of the main report.

The following analysis was done to determine theessary L6C conductor and L5C/L6C phase shifter

requirements, such that the Ontario-Cornwall ildernection could handle the loss of L33P and L34P

without reducing the Ontario-New York transfer daifity.

The analysis was divided into four steps:

a) An appropriate conductor was chosen for L6C.

b) Outage distribution factors were obtained undeigh bBxport scenario on L33P and L34P.

c) Outage distributions factors were obtained und@gh import scenario on L33P and L34P.

d) A phase shifter angle spread analysis was donetasrdine appropriate angle ranges for the L5C and
L6C phase shifters.

(a) L6C Conductor Requirements

An assumption to use a 200 MVA continuously rateadzictor for L6C was made. A preliminary study

using a 150 MVA continuously rated conductor folCLiBidicated that it would not be possible to operat

the Ontario-Cornwall interconnection at the maximumport/export level of 100 MW, while still
respecting loss of L33P and L34P.

According to data from the Hydro One Secure Openativebsite, a 605.0 ACSR 54/7 has a summer
continuous rating of approximately 1010 A, approxiety 201 MVA.

Applied to a length of 4.2 km, an upgraded L5C livith a 605.0 ACSR 54/7 conductor would have the
following properties:

Line Specifications for L6C

R X B Winter Winter 15 min
Continuous (A) | (A)

0.00273 0.01404 0.00210 1100 1210

Summer Summer 15 min | Conduct size Cond stranding

Continuous (A) | (A)

1010 1120 605.0 54/7
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Cornwall Interconnection

(b) Outage Distribution Factor: High Exports on L33P and L34P

ODFs were calculated with various nominal phasteshieactances for L5C and L6C: (i) X=0.1,
representing a typical phase shifter reactance(igri€k0, representing a limiting phase shifteactance
value.

The following table summarizes the outage distidng factors (ODFs) obtained for a high export
scenario on L33P and L34P at St. Lawrence (+400 MMfte: outage distribution factors are slightly
different between import and export scenarios dutifterences load and generation patterns.

ODFs: Export 400 MW on L33P + L34P @ St. Lawrence

Monitored Line L33P O/S Loss of L34P L34P O/S Loss of L33P
X=0.1 X=0 X=0.1 X=0

L33P 0 0 -1 -1

L34P -1 -1 0 0

L6C 0.188 0.247 0.188 0.247

L5C 0.197 0.239 0.197 0.239

Using the data above while respecting conductangst under high exports on L33P and L34P, pre-
contingency operating ranges for L5C and L6C wdddequired to be bounded by the following
equations:

L5C and L6C Operating Range Under High L33P+L34pdEs
X=0.1 X=0

-100<L6Gion<100 -100<L6Gy,, <100
-21.2<L5G,w<100 -4.4<1.5G,,<100
100<L6Gow+L5Cs,,<100 -100<L6Goy+L5C;0,<100
Notes:

(1) where positive flow is into the St. Lawrencé&KV bus

The following figure summarizes the operating rangeL5C and L6C under high exports on L33P and
L34P. The ideal operating area, without the ab@gtrictions, is depicted by the dotted line.teNthe
area of operation is larger with a higher nomirfag®e shifter impedance
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Cornwall Interconnection

Flows on L5C (MW)

Flows on L6C (MW)

- - - - - - Boundary === \\/ith Typical Phase Shifter Impedance

(c) Outage Distribution Factor: High Imports on L33P and L34P

ODFs were calculated with various nominal phasieshieactances for L5C and L6C: (i) X=0.1,
representing a typical phase shifter reactance(igrX=0, representing a limiting reactance value.

The following table summarizes the outage distiing factors (ODFs) obtained for a high import
scenario on L33P and L34P at St. Lawrence (-400 MMQte: outage distribution factors are slightly
different between import and export scenarios dudifferences load and generation patterns.

ODFs: Import 400 MW on L33P + L34P @ St. Lawrence

Monitored Line

L33P O/S Loss of L34P

L34P O/S Loss of L33P

With Limiting Phase Shifter Impedance

X=0.1 X=0 X=0.1 X=0
L33P 0 0 -1 -1
L34P -1 -1 0 0
L6C 0.192 0.244 0.192 0.244
L5C 0.192 0.245 0.192 0.245

Under high imports on L33P and L34P, pre-contingesperating ranges for L5C and L6C are bounded

by the following equations:

L5C and L6C Operating Range Under High L33P+L34pdrts*
X=0.1 X=0

-100<L6G,w<100 -100<L6G,<100
-100<L5G,,<23.2 -100<L5Gow<2
-100<L6Giow+L5Cs,,<100 -100<L6Gow*+L5C;0,<100
Notes:

(1) where positive flow is into the St.

Lawrences KV bus
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The following figure summarizes the operating rangeL5C and L6C under high imports on L33P and

L34P.
125
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125

- - -@- - - Boundary ===ge==\\/ith Typical Phase Shifter Impedance

(d) Angle Spread

Flows on L6C (MW)

With Limiting Phase Shifter Impedance

The following are the results of an angle spreadystised to determine an appropriate angle rarmgéado
L5C and L6C phase shifters. The flows of the plshsiters were varied between £100 MW given a high

import or high export scenario.

L5C Phase Shifter Conditions L6C Phase Shifter Conditions
Flow @ Cornwall (MW) | PS Angle(®) | Flow @ Cornwall(MW) PS Angle(®)
Import 400 0 1.9 -100 -6.0
-100 -5.3 0 2.2
0 22.7 +100 32.0
+100 32.0 0 22.7
Export 400 0 -16.4 -100 -25.0
-100 -25.0 0 -16.5
0 4.1 +100 12.2
+100 12.2 0 4.1

An angle range of at least + 40 ° is required fithkphase shifters.
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(e) Conclusions

1) L6C of conductor type 605 ACSR 54/7 and continupusted for 200 MVA would allow the
proponent to operate the Ontario-Cornwall inter@mtion within £100MW, pre-contingency.

2) Under high imports/exports on L33P and L34P, tberfbn L5C will have to be limited within a
operating range. The limitation on L5C would be&gdant on phase shifter impedance and is more

restrictive with decreasing phase shifter impedance

Condition on L33P and L34P| L5C Operating Rande

X=0.1 X=0.0
High Import 100<L5G,,<23.2 -100<L5G,,<2
High Export -21.2<L56,,<100 -4.4<1.5G,,<100

Note:
(1) a positive flow value represents flow into Sawrence.

3) The L5C and L6C phase shifters requires a contisuatings of at least 100 MVA and at least 200
MVA respectively
4) The L5C and L6C phase shifters both require arajiges of at least + 40 °©
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