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IESO

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

Approval of the proposed connection is based arrindtion 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 cetepkss of such information, including the
results of studies carried out by the transmitjex{¢he 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 facilityhiie IESO-controlled grid. However,
connection approval does not ensure that a prejiaheet all connection requirements. In
addition, further issues or concerns may be idextiby the transmitter(s) during the detailed
design phase that may require changes to equipchardacteristics 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 othgrqagr 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 Chapteedtion 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 connectapplicant in respect of this report is

governed by Chapter 1, section 13 of the Markee&ulln the event that the IESO provides a
draft of this report to the connection applicamiynust be aware that the IESO may revise drafts
of this report at any time in its sole discretioithout notice to you. Although the IESO will use

its best efforts to advise you of any such chanijgsthe responsibility of the connection
applicant to ensure that it is using the most regersion of this report.

HYDRO ONE

Special Notes and Limitations of Study Results

The results reported in this study are based omthemation available to Hydro One, at the time
of the study, suitable for a preliminary assessroéatnew generation or load connection
proposal.
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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 omthildoading impact of the proposed connection
on facilities owned by other load and generatiocl(iding OPGI) customers.

In this study, short circuit adequacy is assessgdfor Hydro One breakers and does not include
other Hydro One facilities. The short circuit rigssare only for the purpose of assessing the
capabilities of existing Hydro One breakers anahiifging upgrades required to incorporate the
proposed connection. These results should nosée im 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 actugsysonditions, including ambient
temperature, wind speed and facility loading, amy itme 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. Additifacility studies may be necessary to
confirm constructability and the time required éonstruction. Further studies at more advanced
stages of the project development may identify thatthl facilities that need to be provided or
that require upgrading.
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NAMEWAMINIKAN RIVER HYDRO DEVELOPMENT
IESO SYSTEM IMPACT ASSESSMENT
EXECUTIVE SUMMARY

Description

Axor is proposing to develop two run-of-the rivetdnoelectric generating facilities, namely Long REsp
GS (Lower Namewaminikan river site) and Twin F&IS (Upper Namewaminikan river site), in the town
of Beardmore area, in Northwest Ontario. The itetladenerating capacity at the Lower site will b2 6
MVA. The Upper site will have the installed capg@f 5 MVA totalling the nameplate capacity of both
sites to 11.2 MVA (10 MW). The power output of bégigilities will be transferred via 34.5 kV system
and injected into the existing Alexander SS 115&Mal circuit A4L in the proximity of the existing
Beardmore DS #2.

This is a development projects that classifies utttee Ontario Power Authority’s (OPA) Northern
Hydroelectric Initiative. The earliest expectedservice day for the proposed facilities is the ehd010.

This System Impact Assessment (SIA) examined tipadinof connecting the Namewaminikan River
plants (NRP) on the reliability of the IESO-conteadl grid.

Findings

1. The total impedance between the NRP generatorneisiand the point of connection to the IESO-
controlled grid calculated on total MVA rating diet generation facilities of 11.2 MVA is 21.7%.
Hence, the impedance exceeds the benchmark of 48%red to ensure reactive power capability
compliance with the Market Rules. This high impedawill limit the delivery of the required reactive
power to the IESO-controlled grid by increasing tbactive power losses within the development and
by limiting the utilization of generators’ reactipewer capability.

The required reactive power range for the 10 MWlitgds 6.8 MVAr at the point of connection, that
is the sum of the reactive power produced by thiitiawhen operating in lagging power factor mode
(3.5 MVAr) plus reactive power absorbed by thelfgcivhen operating in leading power factor mode
(-3.3 MVAr).

Study results indicated that the amount of reagimeer supplied at the connection point is dependen
on step-up transformers tap positions. Proper tefeof the taps would allow generators to operate
close to 0.9 lagging power factor. In this casehwaps set to Tapl=Tap2=1.025 and Tap3=1.0764,
the proposed development would be capable of suqgpB:6 MVAr to the IESO-controlled grid and

in absorbing -2.2 MVAr of reactive power from tHeSO-controlled grid. Thus, at best the actual
NRP’s reactive power range would be about 4.8 MVAr.

With taps set to Tapl=Tap2=1.025 and Tap3=1.04i&2development would be able to meet the
absorbing reactive power requirement of -3.3 MVHAmis would mean that for the one constant
system voltage and by varying the 115/34.5 kV fiamnser ULTC, the NRP would be capable of
providing reactive power range of 5.9 MVAr at thrairm of connection. Therefore, the facility would
still be deficient in supplying 0.9 MVAr to the IEBcontrolled grid.

2. The incorporation of the proposed NRP will mardginaicrease short circuit levels in the Alexander
115 kV area. Transmission system breakers’ ratpdlbty will be adequate to interrupt expected
fault levels.
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3. Thermal capacity of A4L circuit will be sufficieth accommodate transfer of power generated at
Long Rapids GS and Twin Falls GS.

4. Thermal congestion of the Lakehead 115 kV (A6P, Arnd A8L) and Marathon 115 kV (T1M, A1B
and A5A) local area circuits has been identifiethia previous connection assessment (CAA ID
2006-216 and CAA ID 2007-284) as being inhererth#oexisting 115 kV area configuration. During
the summer, T1M, A1B and A5A circuits might becoowerloaded for the Flow EafEE) condition,
while the overloading of A6P, A7L and A8L circuitight occur under Flow We§tT W) condition.
The proposed NRP connecting to the 115 kV circdit. Avould marginally contribute to the existing
thermal congestion problem. Specifically:

i) For high TE flow and peak load conditions when@dal generation is dispatched at capacity,
congestion will be present on the Alexander SSamton TS 115 kV line (A5A, A1B and T1M
circuits) during the summer. Study results show THaM circuit section from Terrace Bay SS to
Pic Jct. would experience the heaviest loadinglidha 115 kV circuits between Marathon TS to
Alexander SS. For these conditions, the loss ofLlM#®8uit and T11 at Marathon TS, which was
identified as the most critical contingency theryalvill result in post-contingency overloading
of T1M, A1B and A5A circuits to 130.4%, 108.6%, &4h@.6% of their design continuous ratings
respectively. To respect the circuit thermal ragngeneration north and west of Alexander SS
would have to be constrained off. Following theomporation of the NRP a marginal change in
active and reactive power flows over the line wlasepved resulting in the insignificant change in
pre and post-contingency power transfers. Therenaréoading concerns identified for the winter
conditions.

ii) For high TW flow and light load conditions whenlaltal generation is dispatched at capacity,
the congestion will be present on the circuits eatiaig from Alexander SS toward west (A6P,
A7L and A8L). Single contingency involving A8L witevas found to be thermally most impactive
since this circuit carries the most power and s kiighest rated of all three circuits. The lowest
rated of all three circuits, A6P circuit, would e congested pre-contingency under the
existing system configuration (104% of its designtimuous ratings respectively). The addition of
the NRP would marginally augment pre-contingenay$l over the circuits for approximately 2
MW resulting in about 2% to 3% increase in pre aodt-contingency loadings of the circuits.
However, this marginal increase would cause A6Butirpost-contingency loading to exceed its
15-min limited time rating (LTR) under winter cotinlis. To respect circuits thermal ratings,
generation north and east of Alexander SS woul& hawe constrained off.

iif) Thermal congestion of T1M, A1B, and A5A circuitsasof a concern during TW condition.
Likewise, loading of A6P, A7L and A8L circuits & of a concern under TE condition.

5. To optimize generating facility performance, themal high side voltage of the step-up transformer
should be selected based on the typical systenatipgnoltage. The normal operating voltage range
at Alexander SS is 123 kV to 126 kV. Based on IEESi@storical records, the typical operating
voltage at Alexander SS is 125-126 kV. The powawrfanalysis indicated that the voltage drop
between Alexander SS and Beardmore Jct. thattiginicinity of the proposed NRP’s connection
point to the IESO-controlled grid is about 3 kV.tW/ihe NRP in service, voltage at Beardmore Jct.
would improve and would be around 124-125 kV faalpead condition and about 127 kV for light
load condition.

6. The post-contingency voltage declines following lthes of the proposed NRP are well within the
IESO criteria. However, voltage rise of 12.1% wesorded under the existing system configuration
following the loss of Long Lac TS load. This excedlde IESQO’s criterion of 10%.
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7. Since all generators proposed for installationrated at less than 10 MVA, the excitation systems ha
to meet lesser performance requirements for elamitatystems listed in Reference 12, Appendix 4.2
of Market Rules. The control systems performansertg shows that excitation systems proposed for
installation at the NRP meet the lower performamcgiirements of the Market Rules.

8. Although the NRP excitation systems field voltaggkibited oscillations during transients, all oé th
dynamic simulations tested showed acceptablesient performance.

IESO’s Requirements for Connection

The following requirements are directed to the Agawit (Axor).

1. Since the NRP is deficient in meeting the reagtioeer requirements at the point of connection & th
IESO-controlled grid, thépplicantshall consider one of the following options toweca conditional
approval for the connection of the proposed facilit

A. Seek an exemption of the Market Rule requirementdactive power capability -
http://www.ieso.ca/imoweb/exemptions/exemptions.asp

B. Reduce the total impedance between generatordhan8$0O-controlled grid, to allow the
development to inject/absorb the required reagiweer range by varying the ULTC of the
115/34.5 kV step-up transformer.

C. Reduce the total impedance between the generatdric&O-controlled grid by connecting to the
IESO-controlled grid via 115 kV connection arranget This would eliminate the 115/34.5 kV
step-up transformer and with proper selection eftthnsformers and conductor significantly
reduce the connection impedance.

D. Install an additional dynamic reactive device toyile required reactive power capability at the
connection point. If this option is to be selectgide and location of a device would be determined
taking into consideration two possible issues: 34/5ystem overvoltages and an effect of
transient voltage changes due to device switchinthe generators.

In considering options B, C and D, the IESO pretggon C. Should any of these options (B, C or D)
be selected, the IESO will need to re-assess ieisenection arrangement and transient performance
of the facility and complete an addendum to thpore

2. Each synchronous generator connecting to the IES®-aled grid must satisfy th@eneration
Facility Requirementstated in Appendix 4.2, References 1 to 16 of MaRules.
In particular, for the proposed machines rated BMBVA (2.75 MW) and 2.5 MVA (2.25 MW)
Reference 1 results in machines being requirecwaily the capability to supply reactive power ia th
range of 1.33 MVAr (lagging) to -0.90 MVAr (leadingnd 1.09 MVAr (lagging) and -0.74 (leading)
respectively. Reactive power requirements are basedted active power at rated voltage, as per
Market Rules performance standards stated in Apjpeh#. Rated active power shall be the lesser of
registered maximum continuous real power and 90%efinit nameplate MVA.
During the facility registration process, Axor shalibmit generators reactive capability curve te th
IESO as evidence that the generators are capahheesting the reactive power requirements.

3. The proposed Under Load Tap Changer (ULTC) of themBwaminikan substation step-up
transformer must be operated in manual mode.
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4. Final selections of the 34.5/4.16 kV transformdfdamd positions, 115/34.5 kV transformer on-load
position and voltage regulators set point at thePNRill be directed by the IESO during the
commissioning.

5. The high voltage 115 kV connection equipmensinine capable of continuously operating in the
range between 113 kV and 132 kV, as per Appendio#iMarket Rules.
More specifically, this means:

connection equipment must have a maximum continuoliage rating of at least
132 kV,

equipment must be able to interrupt rated faultentrfor voltages up to the maximum
continuous rating, and

equipment, including plant auxiliaries, must remairservice and not automatically trip, for
the voltages up to 5% above the maximum continuatiisg, in this case 138 kV, for up to 30
min, to allow the system to be re-dispatched tarrevoltages within their normal range.

The proposed for installation 115 kV circuit breekand circuit switchers have maximum continuous
rated voltage of 145 kV and thus meet the aboveirement.

6. The 115/34.5 kV step-up transformer should havéicsemt tap range to be able to operate within
normal operating system voltages specified in pagg 5., above. In selecting the transformer
nominal tap ratio consideration should be giverth® area normal system voltages as described in
paragraph 5. of the “Findings” section. Before liziag the design of the equipment, the area normal
operating system voltages information should bdicoad by Hydro One.

7. The Transmission System Code (TS€juires 115 kV breaker to have a 50 kA ratedrinfging
capability for both three-phase and single lingitound faults with a rated interrupting time of 5
cycles or less. While the TSC does not specifyfdindt level interrupting capability requirements fo
the circuit breakers rated below 13.8 kV, it doaguire these breakers to have rated interrupting ti
of 8 cycles or less.

The specified 115 kV breaker have maximum symmateaod asymmetrical short circuit capability of
40 KA and 25 kA respectively. The existing shortuit levels at Alexander SS are significantly love
(<10 kV) than the maximum acceptable system faalels of 50 kA specified in the TSC. The
proposed breaker will be accepted, subject to Hydne's approval, as long as its short circuit
interrupting capability is adequate for anticipatedrease in short circuit level due to future epst
expansions in the area. In this case, if futuretshicuit level at Namewaminikan substation inces
beyond the breaker’s interrupting capability, Axoll be required to upgrade its interrupting devate
its own expense.

The proposed HV and LV breakers have specifiedrimpting time of 60 ms and thus meet the TSC
requirement of 83 ms (5 cycles) and 133 ms (8 syckespectively.

8. Synchronizing breakers (4.16 kV) must be capablitifstanding at least 2 p.u. voltage across their
open terminals. Since th&pplicant did not provide any information related to the @yonizing
capability of the breakers, this capability willveato be confirmed before the proposed facility
connects to the IESO-controlled grid.

9. Protection systems must be designed to meet alrggeirements of the TS&nd any additional
requirements identified by Hydro One. Protectiottiisgs at the NRP must be coordinated with Hydro
One.
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10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Faults within the facility must not trip 115 kV cirits A4L except for the failure of 115 kV
connection breaker. After the facility begins opiers, if the tripping of A4L occurs due to events
within the facility, the facility may be required be disconnected until the problem is solved.
The proposed connection arrangement for the NRBdes circuit breaker on the tap. This
arrangement reduces the risk of tripping A4L fartawithin the facility.

The generators shall be capable of operating cemtisly at full power for a system frequency range
between 59.4 to 60.6 Hz and shall be capable aftipg at full power for a limited period of timé a
frequencies as low as 58.8 Hz. For under-frequsgsiem conditions, generators shall not trip for
frequency variations that are above the curve showangure 3 of this report unless the IESO accepts
the other trip settings.

The generators must operate in the voltage comtoale. Operation of the facility in power factor
mode or reactive power control mode is not accégtalithout prior approval from the IESO.

The generators shall not trip for the design aateontingencies on the IESO-controlled grid that d
not disconnect the machines by configuration.

Connection equipment must be designed so thatherse effects of their failure on the IESO-
controlled grid are mitigated. Specifically, thigiudes ensuring that all circuit breakers at tiRPN
fail in the open position for the loss of the iraidn medium.

Connection equipment must be designed so thatlibaifully operational in all reasonably
foreseeable ambient temperature conditions. Thkisidies ensuring that SF6 circuit breakers are
equipped with heaters to maintain adequate gasymes

Since the proposed facility is smaller than 20 MWMAs classified asninor generating facility
connecting to the IESO-controlled grid. The listlod requirements with respect to the telemetry tha
must be provided to the IESO and to the standatsnust be achieved on a continual basis by the
facility is given in Appendix 4.15 and Appendix 8.&f Market Rules. Thé&pplicantmust ensure that
all the equipment needed to provide the telemedts dnd to meet the performance standards will be
installed. The IESO will finalize items to be telet@red during the IESO Market Entry process.

TheConnection Applicantnust complete the IESO facility registration prege timely manner
before IESO final approval for connection is grant€inal models and data, including any controls
that would be operational must be provided to BE®Q prior to the first energization.

During commissioning, th€onnection Applicantust provide evidence to the IESO confirming that
the equipment installed meets the Market Rulesnaaithes or exceeds the performance predicted.
This evidence shall be either type tests doneciordrolled environment or commissioning tests done
on-site. In either case, the testing must be dobhemly in accordance with widely recognized
standards, but also to the satisfaction of the IE&il this evidence is provided, tiAgplicantmust
accept any restrictions the IESO may impose upein garticipation in IESO-administered market or
connection to the IESO-controlled grid.

If the actual parameters submitted for the redistneof the facility significantly differ from thees

used in the assessment, the results of this SIAhaag to be revised.

Final connection of this project may also be sulfieany further requirements specified in the

Customer Impact Assessment (Ghajformed by Hydro One. Any additional requirensengsulting
from theCIA will be included in the final SIA report or in arddendum to the Final SIA.

10
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21. During the IESQO'’s facility registration processe thpplicantwill be required to demonstrate to the
IESO that all the requirements identified in 8ystem Impact Assessment (3&pprt have been
satisfied.

The following requirements are directed to the Agapit and the Transmitter (Hydro One).

The connection applicant is required to initiateagaaessment of the existing protection systems with
the transmitter. The transmitter shall identify aalay protection modifications (equipment and
settings) required to incorporate the new facilitihe IESO will evaluate the impact on system
reliability due to any relay protection modificat®and in this regard changes to functionalityirtgn

or reach. The IESO will not assess aspects of giiotesystems which are solely the accountability o
the transmitter (e.g. coordination of relay pratats).

To allow sufficient time to assess the impact osteay reliability, the transmitter must submit te th
IESO any proposed relay protection changes asa&®time protection assessment for the new facility
is finished but at least six (6) months before actyial changes are to be implemented on the existin
protection systems.

The IESO would deem the modifications acceptahlliedf do not cause any new and/or reduced
operating security limits under normal operatingditions. Should the modifications be
unacceptable, the IESO would require the transnatid the connection applicant to investigate other
mitigating measures.

Other Findings and Recommendations

The assessment of the control systems shows pdantyed oscillations exhibited by field voltage.
It is expected that the excitation system of the generators will be tuned to smooth the field ag#
response at the time of commissioning.

Hydro One should be aware that the short circuillat Port Arthur TS is at 98.1% of breakers rated
interrupting capability.

Hydro One should be aware that the voltage risE2df% was recorded for the existing system
configuration following the loss of Long Lac TS tbdl'his exceeds the IESQO’s criterion of 10%.

Notification of Conditional Approval

It is recommended that a Notification of ConditibApproval for connection of the proposed generstin
facilities, Long Rapids GS and Twin Falls GS, tmued to Axor, subject iSO’s Requirements for
Connectiorlisted above, and any further requirements that lbeaidentified by Hydro One Networks Inc.
in the Customer Impact Assessment.

11
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1. Project Description

Axor is proposing to develop two run-of-the rivetdnoelectric generating facilities, namely Long REsp
GS (Lower Namewaminikan river site) and Twin F&IS (Upper Namewaminikan river site), in the town
of Beardmore area, in Northwest Ontario. Both faed will consist of two generators with nominal
terminal voltage of 4.16 kV. The installed genergtcapacity at the Lower site will be 6.2 MVA. The
Upper site will have the installed capacity of 5 KYbtalling the nameplate capacity of both sited 12
MVA (10 MW). The power output of both facilities Wbe evacuated via 34.5 kV system and injected int
the existing Alexander SS radial circuit A4L, approately 100 m west of the existing Beardmore DS #2
The circuit is 152 km long with Beardmore DS #2dmal at 65 km west of Alexander SS.

For the purpose of this report, Long Rapids GSTnith Falls GS are considered the Namewaminikan
River plants (NRP).

The proposed facility will participate in tl@ntario Power Authority’s (OPANorthern Hydroelectric
Initiative and if qualifies, will participate in éhOntario Electricity Market.

It is presently estimated that the earliest expkitteservice date for the new facilities is Q4 6fD.

— End of Section —

12



System Impact Assessment Report for NamewaminikaerRlydro Development Project CAA ID 20285

2. Review of Connection Proposal

2.1 Proposed Connection Arrangement

The proposed connection arrangement consists ofite®, Lower site (Long Rapids GS) and Upper site
(Twin Falls GS), three 34.5 kV lines and 115/3A5skbstation. Each site will be connected via one
dedicated 34.5 kV line to the interconnection politird interconnection line will be utilized to @wuate
power from both sites and deliver it to the IESO+colled grid.

Long Rapids GS and Twin Falls GS will have the séageut consisting of the following. Two generators
will be installed at each site and connected ta@3th&/4.16 kV step—up transformer. Dedicated 3%.5 k
line will than connect the site with the intercootien line. The new substation, Namewaminikan
substation, will be built In the vicinity of the isting Beardmore DS #2, to connect the 34.5 kV {mthe
A4L Circuit.

Long Rapids site will consist of two identical maets rated at 3.1 MVA while Twin Falls site williize two
2.5 MVA generators. There will be three circuitdkers installed at both plants. Each generatorbaill
connected through a dedicated 4.16 kV circuit beeakhile the connection of the transformer to34eb kV
line will be utilized through 34.5 kV breaker. AsiDperating Philosophprovided by thé\pplicant all three
breakers at the both powerhouses will have syniirencapability. The proposed generators will kslant
pole machines with rated speed of 300 rpm (3.1 MM#&s) and 277 rpm (2.5 MVA units).

The power output from the two sites will be evaedatia two separate lines. Long Rapids GS line lvll
0.275 km long while Twin Falls GS will be connectedhe interconnection point via 7.7 km long line.
The interconnection line will run for 12.8 km bedaerminating into 115/34 kV substation via 34.5 kV
breaker. A 115 kV substation build to facilitatéstmterconnection will consist of a 115/34.5 kV
transformer and two circuit breakers located onetheh side of the transformer. The high voltagedixig
of the transformer will terminate onto a high vgkecircuit breaker before connecting to the Adlelin

The two 34.5/4.16 kV transformers will be Yd1 (HW).configured and rated at 6.5 MVA. The
impedance of the transformers is estimated to @45j) % based on no-cooling rating of 6.5 MVA.€Th
transformer will be equipped with 5-step Off-LoadpIlChanger (OLTC) (34.2%2.5% kV).

The 115/34.5 kV step-up transformer will have wigdi configured as Ygd1 (HV/LV) and rated 10/13/16
MVA. The impedance of the transformers is estimabe(.58 + j9) % based on no-cooling rating of 10
MVA. The transformer will be equipped with an Underad Tap Changer (ULTC) located on the 115 kV
winding with +15% voltage band achieved in 21 steps.

The equipment specifications provided by &pplicantare given in Section 3 of this report.

Alexander SS 115 kV system to which the NRP ar@@sed to connect is shown in Figure 1. Simplified

single line diagram showing major equipment arramga of the proposed facility provided by the
Applicantis shown in Figure 2.
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Figure 1: Alexander SS 115 kV System (Simplified)
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Figure 2: Namewaminikan River Hydro Developmentj@bSingle Line Diagram
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2.2 On-line Monitoring

Chapter 4, Section 7.3 of Market Rules requirese¢hah generator (i) whose generation facility is
connected to the IESO-controlled grid, or (i) tleparticipating in the IESO-administered markstsll
provide the IESO with real time data on a contirhgis.

Since the proposed facility is smaller than 20 MVAs classified asninor generating facilitconnecting
to the IESO-controlled grid. The list of the re@uirents with respect to the telemetry that must be
provided to the IESO and to the standards that trisichieved on a continual basis by the factity i
given in Appendix 4.15 and Appendix 4.19 of MarRetles. TheApplicantmust ensure that all the
equipment needed to provide the telemetry datd@ntket the performance standards will be installed

Appendix 4.15 of Market Rules specifies the follogriinformation, as a minimum, that shall be prodide
on a continual basis to the IESO:

Active power (MW) and reactive power (MW)

Units terminal voltage

Equipment status (AVR and synchronizing breakextis)

The IESO will finalize items to be telemetered dgrthe IESO Market Entry process.

2.3 Protection Systems

Protection systems must be designed to meet allettpgirements of th&ransmission System Codad
any additional requirements identified by Hydro Ombe existing transmission protection settings tmus
be revised and coordinated, as required.

The existing protection of A4L circuit would hawelie revised to incorporate the long Rapids GS and
Twin Falls GS.

Faults within the NRP must not trip 115 kV circA#4L except for the failure of 115 kV connection

breakers. After the facility begins operationhétripping of A4L occurs due to events within theility,
the facility may be required to be disconnectedl tim¢ problem is solved.

2.4 Under Frequency Tripping

Reference #3 of Appendix 4.2 of the Market Rulepinees generating facilities to be capable of ofrega
continuously at full power for a system frequenagge between 59.4 to 60.6 Hz. For under-frequency
system conditions, generators shall not trip fegérency variations that are above the curve shown i
Figure 3.
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Figure 3: Standard for Setting Under-Frequency TRitection for New Generators

— End of Section —
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3. Data Verification

Axor has advised that the equipment proposed foirstallation have not been selected yet and geali
typical data for the equipment. TR®nnectionApplicantis advised that should the actual equipment
parameters significantly differ from those usethis assessment, the results of this SIA would haee
revised.

Models & Data

TheConnectioMpplicantmust complete the IESO facility registration prexen timely manner before
IESO final approval for connection is granted. Fimadels and data, including any controls that \sdag
operational must be provided to the IESO prioh®first energization.

During commissioning, th€onnection Applicantust provide evidence to the IESO confirming that
equipment installed meets the Market Rules andmeator exceeds the performance predicted. This
evidence shall be either type tests done in a aldedirenvironment or commissioning tests done t&-si
In either case, the testing must be done not enccordance with widely recognized standardsalsat
to the satisfaction of the IESO. Until this evidens provided, thépplicantmust accept any restrictions
the IESO may impose upon their participation in@e&dministered market or connection to the IESO-

controlled grid.

3.1 Generator

Each synchronous generator connecting to the IES@-alled grid must satisfy th@eneration Facility

Requirementstated in Appendix 4.2, References 1 to 16 of MaRules.

Specifically, Reference 1 and 2 require that a Byorous generator connecting to the IESO-controlled

grid must have the minimum capability to perforra thllowing:

A generator shall be capable to supply at its teamieactive power within the range 90% lagg
(overexcited) to 95% leading (underexcited) poveetdr based on rated active power at rated volt
Rated active power shall be the lesser of regidteraximum continuous real power and 90% of
unit nameplate MVA.

A generator shall be capable of operating contislyoat full active power output within5#6 of the
generator’s rated terminal voltage.

ng
age.
the

Supply entire range of reactive power at its teatsirfior at least one constant 115 kV system volta

ge

The generators data and capability curves are dietow.
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Table 1: Generators Data and Reactive Capability

Long Rapids (Lower Site)
MVA Max MW (0.9*MVA) Rated PF kv sobuce (Xd")
3.1 2.79 0.9 lag to 0.95 lead 4.16 0.288
Generators Reactive Capability

. Quax required @ Qmin required @ - _ .
Mgzt%(;ng\qu\(l))us rated MW & 0.9 rated MW & 0.95 Qmax from capability | Qi from capability

. . curve curve
lagging PF leading PF
2.75 1.33 MVAr (42.9%)| -0.90 MVAr (29.1%) 1.33 MVA42.9%) | -1.27 MVAr (41.0%

Figure 4: Long Rapids Generators Reactive Capabiliurve
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Table 2: Generators Data and Reactive Capability

CAA 1D 20285

Twin Falls (Upper Site)

MVA

Max MW (0.9*MVA)

Rated PF

kv

SO&'CB (Xd ”)

2.5

2.25

0.9 lag to 0.95 lead

4.16

0.222

Generators Reactive Capability

Max Continuous
Rating (MW)

Quax required @
rated MW & 0.9

lagging PF

Qmin required @
rated MW & 0.95

leading PF

Q max from capability
curve

Q min from capability
curve

2.25

1.09 MVAr (43.6%)

-0.74 MVAr (29.6%

1.09 MVA#3.6%)

-1.03 MVAr (41.0%

Figure 5: Twin Falls Generators Reactive Capabiliyrve

Qwmax = Qma

Qwmin (required)

The data indicate that generators meet the reacaipability requirements.
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The generators must operate in the voltage comtoole. Operation of the facility in power factor trah
mode or reactive power control mode is not accégtatithout prior approval from the IESO.

The generator shall not trip for recognized corgimges on the IESO-controlled grid that does not
disconnect the machines by configuration. Also,diienection and disconnection of the generatorg mus
minimize any adverse impact on the IESO-controyjed.

3.2 Connection Equipment (Transformer, Line, Circuit Breakers &
Disconnect Switches)

Axor shall ensure that the high voltage connectignipment proposed for the installation at the NRP
meets the following requirements:

—

All 115 kV equipment connected to the terminalista&g must be capable of continuously operatingn@
range between 113 kV and 132 kV, as per Appendio#iMarket Rules.

Some recognized contingencies (e.g. load sheddpey) line end) can cause a temporary voltage iserea
above the maximum continuous limit of 132 kV. Hueede conditions, connection equipment may be
exposed to voltages slightly above its maximum iomious rating for the short period of time thabites
the IESO to direct operations to restore a norrolihge and to prepare for the next contingencys Thi
re-preparation period will be as short as posshléjt will not take longer than 30 minutes.

The equipment must be able to interrupt rated faultent for voltages up to the maximum continupus
rating.

Transmission equipment must remain in service astdamtomatically trip, for the voltages up to 5%
above the maximum continuous rating, in this c&&KyV, for up to 30 min, to allow the system torbe
dispatched to return voltages within their nornaeige.

TheTransmission System Codijuires 115 kV breakers to have the 50 kA ratéztiupting capability
for both three-phase and single line to groundt$altl also requires that the 115 kV circuit breakeave
a rated interrupting time of five cycles (83 ms)ass and be able to interrupt rated fault curfent
voltages up to the maximum continuous rating.

While theTSCdoes not specify the fault level interrupting daifiy requirements for the circuit breaker
rated below 13.8 kV, it does require these breaehave a rated interrupting time of eight cyaesess.

[*2)

Connection equipment must be designed so thatherse effects of their failure on the IESO-conéal
grid are mitigated. This includes ensuring thatatiuit breakers fail in the open position for thes of
the insulation medium.

Connection equipment must be designed so thatlibaifully operational in all reasonably foreseleab
ambient temperature conditions. This includes énguhat SF6 breakers are equipped with heaters tq
maintain adequate gas pressure.

The transformers, lines and interrupting/isolatogiipment specifications provided by hennection
Applicantare given in Tables 3 to 6.
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Table 3: Transformers Data

CAA 1D 20285

Winding | Impedance
MVA kv Connection (%) MVA base OLTC Taps ULTC Taps
10/13/16 115/34.5 Yg/d 0.58 + |9 10 - _15% in 21 step$
6.5 34.5/4.16 Yg/d 0.516 + 1 6.5 | _5P0in 5 steps -
Table 4: Lines Data
Length (km) R (Ohms) X (Ohms) B( S) Conductor Size
(kemil)
12.8 1.573 5.043 54.73 477 ACSR
7.7 0.946 3.034 32.92 477 ACSR
0.275 0.034 0.108 1.176 477 ACSR
Table 5: Circuit Breakers Specification Data
BREAKERS 115 kV 34.5 kV 4.16 kV
. . 52L-US | 52G-US1, 52G-US2
Designation 52L-NA1 | 52L-NA2 59L-LS 52G-LS1, 52G-LS2
Max continuous rated line-to-line voltage 145 kV 8 K/ 38 kv 4.76 kV
Interrupting time 50 ms 60 ms 60 ms 45 ms
Interrupting media SF6 SF6 SF6 Vacuum
Rated continuous current 2000 A 1200 A 630 A 1200
Rated symmetrical short circuit capability 40 kA 5RA 16 kA 25 kA
Rated asymmetrical short circuit capability 40 kA 25 kA 16 kA 25 kA
Table 6: Disconnect Switches Specification Data
DISCONNECT SWITCHES 115 kV 34.5 kV
. . 89-LS, 89-JP, 89-US
Designation 89-NA1 89-NA2, 89-NA3
Max continuous rated line-to-line voltage 145 kV 8 K/
Rated continuous current 1200 A 630 A

3.3 Dynamic Models

The performance of the equipment proposed forrtsllation and their transient behavior was evallia
using the typical data provided by Axor. The dynamidels of the generator and excitation systems ar
given in subsequent sections.

1) GENERATOR

The proposed generators are modeled with the Jelet Generator model (GENSAL) with the typical
model’s data given in Table 7.
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Table 7: Generator Parameters

Model : GENSAL

CON's - value - Description
Long Rapids | Twin Falls

J 2.550 1.980 Bo (>0) (sec)

J+1 0.040 0.043 Fo (>0) (sec)

J+2 0.046 0.055 To (>0) (sec)

J+3 0.910 0.940 Inertia, H

J+4 0.099 0.066 Speed damping, O

J+5 1.325 1.068 X

J+6 0.822 0.676 X

J+7 0.440 0.349 X'

J+8 0.288 0.222 %=X"q

J+9 0.198 0.134 X

J+10 0.154 0.172 S(1.0)

J+11 0.439 0.495 S(1.2)

2) AUTOMATIC EXCITATION SYSTEMS

CAA 1D 20285

The Reference 13 of Appendix 4.3 of the Market Rt each synchronous generating unit to be

equipped with continuously acting automatic voltaggulator (AVR) that can maintain terminal voltage
under steady state condition withif% of any set point within5% of rated voltage. Each AVR or VR

shall regulate voltage except where permitted bYHESO.

P

The proposed new excitation systems, ESAC8B, reptébe Basler digital excitation control system

voltage regulator as applied to brushless excitee. data and block diagram for the excitation systare

given in Table 8 and Figure 6.

Table 8: Excitation Systems Parameters

Model: ESAC8B

CON's .Value . _
Long Rapids Twin Falls Description
J 0 0 T (sec)
J+1 170 170 K
J+2 130 130 K
J+3 60 60 K
J+4 0.03 0.03 g (sec)
J+5 1 1 K
J+6 0 0 =
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J+7 10 10 Vmax OF Zero
J+8 0 0 \amin

J+9 1 1 E> 0 (sec)
J+10 1 1 k or zero
J+11 3.38 3.38 E

J+12 1.36 1.36 S¢E

J+13 4.5 4.5 E

J+14 15 15 SE

Figure 6: Excitation Systems Block Diagram

CAA 1D 20285

3) POWER SYSTEM STABILIZER

Since the size of the generators proposed forliasta is less than 10 MVA and the proposed exicita
systems are not the fast systems, the power sydtdsitizer is not required as per Reference 15 of
Appendix 4.2 of Market Rules.

4) SPEED GOVERNOR

Since the size of the generators proposed forliatitm is less than 10 MVA, the speed governoesraot
required to meet performance standards specifi@efarence 16 of Appendix 4.2 of Market Rules.

— End of Section —
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4. Reactive Power Capability Assessment

Market Rules references 1 and 2 of Chapter 4, Agipeh?2 require that synchronous generator unit
connecting to IESO-controlled grid must have thaimum capability to perform the followings:

Supply reactive power continuously within the ranf§®.9 lagging to 0.95 leading power factor bagsed
on rated active power output at rated voltage. dRattive power shall be the lesser of registered
maximum continuous real power and 90% of the uameplate MVA.

Supply full active power continuously while opergtiat a generator terminal voltage ranging from
0.95 p.u. to 1.05 p.u. of the generator rated teainioltage.

Supply entire range of reactive power at its teatsrior at least one constant 115 kV system voltage

For a single generator connected to a generatoiugtéransformer which is in turn connected to the
IESO-controlled grid, the aforementioned requiretsavould effectively limit the impedance betweea th
generator terminals and HV side of the transfortmexr maximum of 13 % based on the MVA rating of
the generation facility. However, if generator &able of supplying the full reactive power rangisa
terminals for at least one constant system voltagjie operating at a terminal voltage outside tege
between 0.95 p.u. and 1.05 p.u., the effective mani impedance allowed between the generator
terminals and the HV side of the generator steprampsformer could be higher than 13%.

Assuming the facility has a capability to operatthim 0.95 p.u. to 1.05 p.u. of the generator rated
terminal voltage, the following maximum reactiveN®y requirements, as measured at the connection
point, must be supplied based on a maximum effedteility impedance of 0.13 p.u.:

At all levels of active power output, the minimueactive power required to be injected by the
facility at the point of connection is +0.35 p.f@irated active power (+0.31 p.u. of rated apparent
power).

At all levels of active power output, the minimueactive power required to be absorbed by the
facility at the point of connection is -0.33 p.dirated apparent power (-0.29 p.u. of rated apgaren
power).

The impedance calculation of the connection arrarege: proposed to be used to connect Long Rapids GS
and Twin Falls GS to the IESO-controlled grid igegi in Table 9.

Table 9: Namewaminikan River Connection Impedaraleulation

R (Ohms) X (Ohms) R (p.u.) X (p.u.) M\KAse
Lower 0.034 0.108 0.0003 0.0010 11.2
34.5kV Lines Upper 0.946 3.034 0.0089 0.0285 11.2
Interconnection 1.573 5.043 0.0148 0.0475 11.2
0.0052 0.0700 6.5
34.5/4.16 kV
0.0089 0.1206 11.2
Transformers
0.0058 0.0900 10
115/34.5 kV
0.0065 0.1008 11.2
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LONG RAPIDS GS 0.0092 0.1216
(Lower line + 34.5/4.16 kV transformer) 71 0.1220
TWIN FALLS GS 0.0178 0.1492
(Upper line + 34.5/4.16 kV transformer) 72 0.1502 11.2
INTERCONNECTION 0.0213 0.1483
(Interconnection line + 115/34.5 kV transformer) 73 0.1498

TOTAL IMPEDANCE Z=(Z1]1z2)+Z3 0.2171

The impedance between the NRP terminals and pbadrmection to the IESO-controlled grid calculated
on total MVA rating of the generation facilities b1.2 MVA is 21.7%. Hence, the impedance exceeds
benchmark of 13% required to ensure compliance thghMarket Rules. This would mean that more of
the reactive power output of the generators woeldlisorbed biransformers and lines, leaving a lesser
amount available for the system voltage support.

The reactive power requirements at generators’itetisiand 115 kV connection point are shown in &abl
10.

Table 10: Reactive Power Requirements

Total nameplate rating of generating facilities 11.2 MVA
Total maximum continuous rating of generating féies 10 MW
Reactive power capability of the NRP based on#&ggihg power factor 4.8 MVAr
Reactive power capability of the NRP based on &88ing power factor -3.3 MVAr

Reactive power capability required at 115 kV sid@.85 p.u. of rated active power)] 3.5 MVAr
Reactive power capability required at 115 kV side33 p.u. of rated active power) -3.3 MVAr

The minimum reactive power required to be inje@ad absorbed by the facility at the 115 kV point of
connection is 3.5 MVAr and -3.3 MVAr respectivelgr a total reactive power range of 6.8 MVAr.

Generally, a generator capability to inject/absewdictive power is affected by the step-up transéorm
impedance, transformation ratio, taps setting gstes voltages.

The effect of step-up transformer impedance antksysoltages on the generator reactive capabdity i
illustrated in Figure 7.
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Figure 7: Q-V Diagram-Effect of System Voltage &belp-up Transformer Impedance
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It can be seen that the impedance determinesdpe sf the generator reactive power output- termina
voltage (Q-V) line, while the system voltages (U2, U3) determine the line position in the vertical
direction. Lower the impedance, the more horizolnal becomes providing more flexibility. The 13%
impedance, calculated on the generating facilitgddVA, is the maximum impedance for which
generator will be capable of providing its entiaage of reactive power for at least one constalthge at
a connection facility 115 kV terminal. For the inda@ces greater than 13 % the slope of the line will
increase thereby becoming more restrictive in M@Aoduction or MVAr absorption, i.e. generator
operating voltage limits would restrict generatoapability to supply the rated reactive power.

To illustrate the effect of the high impedance loa teactive power delivery, a simplified system
consisting of one generator connected to the tefipiis via one step-up transformer was studied Qrive
lines generated for 13% impedance and the NRP ctiopndmpedance of 22% are shown in Figure 8.
The numerical values are tabulated in Table 11.

Figure 8: Q-V Diagrams For Simplified System

Generator Reactive Powsr Output (M VAT) Reactive Power at Point of Connection { MVAT)

T
247 350

N

Generator Terminal Voltage (p.u.)
Generator Teminal Voltage (p.u.)

o

7=13% ——7=22% — 130 m—7_220%
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Table 11: Simplified System Numerical Analysis Resu

VT (pu) QG QPCC QLOSS
7=13% | Z=22% Qs | z=13% | z=22% Qrcc | Z=13% | Z=22% | Quoss
1.05 4.8 3.7 1.1 3.4 1.5 1.9 1.4 2.2 -0.8
1 0.6 1 0.4 -0.6 -1 0.4 1.2 2 -0.8
0.95 3.3 1.3 -2 4.7 3.7 -1.0 1.4 2.4 -1

High impedance of 22% made the slope of the Q-¥ fairly steep resulting in the reactive power
capability of the generators not to be fully ugl i.e. the generators would hit voltage limitfobe
reaching their reactive power limits. It could Heserved from the results that the high impedandenoi
only increase the losses to about 0.8 MVAr but alio restrict generator capability in injecting R&to
about 1.1 MVAr. This would result in 1.9 MVAr lesshan required reactive power being deliverechto t
system. Also, generator capability to absorb reagitower would be affected. About 3.7 MVAr as
comparing to the 4.7 MVAr would be absorbed byftality.

In conclusion, the analysis indicated that the higipedance will limit the delivery of required réiae
power to the system at point of connection by msirey the reactive power losses and by limiting
generators reactive power capability.

The above analysis assumed a simplified systemaméhgenerator connected to an infinite bus via one
step-up transformer. In this simplified system, eyator terminal voltage changes did not affect the
infinite bus voltage which remained constant. lalitg, changes to the generator terminal voltage wi
affect the system voltage. For the NRP projectlisgiwere carried out to determine an effect the
transformation ratio/tap setting would have on gatwgs reactive capability. Furthermore, the eftsct
reactive power compensation at various locatiors stadied.

The results summarized below were derived on teemagtion that the nominal transformation ratios of
the transformers were varied according the equipseecifications detailed in section 3 of this népo
The tap settings of the 34.5/4.16 kV step-up tr@amsérs are marked as Tapl and Tap2 while Tap3
corresponds to 115/34.5 kV transformer tap settingas also assumed that the 34.5 kV system normal
operating voltage range i$% of its nominal voltage as per as @&A 235 standards.

Figure 9: Q-V Diagrams for the NRP
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——Tapl-Tap2-Tap3-1.00 ——Tapl-Tap2-Tap3-1.00
——Tap1=Tap2=105,Tap3=1.00 ——Tapl-Tap2-1.05 Tap3-1.00

Tap1=Tap2=1.00,Tap3=1.0472 Tapl-Tap2-100,Tap3-1.0472
——Tapl=Tap2=100, Tap3=1 0618 =——Tap=Tap2=100 Tapi=L D618
e Tap1=Tap2=1025 Tap3=1.0764 ——Tap1=Tap2=1025, Tap3=1.0761
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Figure 10: Q-V Diagrams for the NRP and Point oinGection

Generators Terminal Voltage (p.u.)

-3)

Reactive Power Generated by NRP Reactive Power at Point of Connection
105

Generators Terminal Voltage (p.u.)

——Tap1=Tap2=Tap3=100 =——Tap1-Tap2-Tap3-1.00
——Tap1=Tap2=105, Tap3=1.00 ——Tapl1=Tap2=1.05,Tap3=1.00
Tap1=Tap2=100,Tap3=1.0472 Tap1=Tap2=1.00, Tap3=1.0472
——Tap1=Tap2-1.00, Tap3~1.0618 ——Tapl1=Tap2=1.00, Tap3=1.0618
——Tapl-Tap2=1.025 Tap3~10764 ——Tap1=Tap2=1025 Tap3=1.0764

——Tapl=Tap2=1025 Tap3=10764, SC@34.5kV=2MX ——Tap1=Tap2=1.0253 Tap3=1.0764, SC@34 .5k V=2MX

——Tapl=Tap2=1025 Tap3=10472 ——Tapl-Tap2=1.025 Tap3-1.0472

The study results, illustrated in Figures 9 an&dd summarized in Table 24 of Appendix A, indidhte
following:

Increasing the transformation ratio of 115/34.5d0\d 34.5/4.16 transformers (decreasing voltage
on the LV side of the step-up transformers) motesQ-V line down in left to right position thus
allowing generators to produce more reactive poReper selection of the taps would allow
generators to operate close to 0.9 lagging povetorfaWith the taps set to Tapl=Tap2=1.025 and
Tap3=1.0764, the total reactive power output ofahéur machines was 4.6 MVAr (4.8 MVAr
required). Increasing the transformation ratiotheftransformers moves the generators away
from the absorbing mode of operation. For the alspezified tap positions and generators
terminal voltage of 0.95, the generators will oabsorb insignificant amount of 0.2 MVAr.

In Figure 10, with taps as above, about 2.6 MVAB (@VAr required) of the reactive power
would be delivered to the grid. Therefore, a reactiower delivery shortage of about 0.9 MVAr
was recorded as a result of the high impedanceNRfe at the point of connection would absorb
2.2 MVAr (3.3 MVAr required). Almost the entire amnat, i.e. 2 MVAr would be absorbed by the
collector system. The required reactive power rdogéhe 10 MW facility is 6.8 MVAr at the
point of connection, that is the sum of the re&cpewer produced by the facility when operating
in lagging power factor mode (3.5 MVAr) plus reaetpower absorbed by the facility when
operating in leading power factor mode (-3.3 MVA&}.best, the actual NRP’s reactive power
range is about 4.8 MVAr. The facility would be agéint in supplying 0.9 MVAr and in absorbing
1.1 MVAr of reactive power (2 MVAr total).

In Figure 10, with taps set to Tapl=Tap2=1.025Bama3=1.0472, the development would be able
to meet the absorbing reactive power requiremer?.8fMVAr. This would mean that for the one
constant system voltage and by varying the 115/84.6ansformer ULTC, the NRP would be
capable of providing reactive power range of 5.9AM¥t the point of connection. Thus, the
facility would still be deficient in supplying 0MVAr to the IESO-controlled grid.

To compensate for reactive power deficiency ofN\eAr, 2 MVAr shunt capacitor would have

to be installed at 34.5 kV side. The reactive powgcted into the system would increase 34.5
kV system voltages resulting in the Q-V line beingved in vertical direction down away from

29



System Impact Assessment Report for NamewaminikaerRlydro Development Project CAA ID 20285

the center. This would cause generators to movartbabsorbing mode of operation producing
less MVAr. Also, if the location of the capacitsrdloser to the machines, more of its reactive
power would be absorbed by generators shifting thether toward absorbing mode of operation.

Reactive power of the capacitor installed at 115davisformer side would be mostly injected into
the system thus not affecting the Q-V line.

Increasing the transformation ratios on 34.5/4X@&hkd 115/34.5 kV transformers would affect the
34.5 kV operating voltages within the facility. Vihthe increase in 115/34.5 kV transformer ratio
would decrease 34.5 kV voltages, 34.5/4.16 kV fangers ratio change in the same direction would
result in higher 34.5 kV voltages. As a result, 3de5 kV voltages might exceed the normal operating
range of 6%. Hence, a consideration should be given to ieevolage problem when selecting the
tap positions. The effect of transformer ratio afeaon 34.5 kV voltages is illustrated in Figure 11
below.

Figure 11: 34.5 kV System Voltage Change
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Tapl=Tap2=1.00,Tap3=1.0472
Tapl=Tap2=1.025 Tap3=10764
Tapl=Tap2=1.025, Tap3=1.0764. SC=2 MVAr
Tapl=Tap2=1.025 Tap3=10472

4.1 Conclusions

To be able to supply its entire range of reactioegr for at least one constant voltage at the pfint
connection, the impedance of the NRP must be ldritel3% calculated on the generating facility date
MVA. Since connection impedance exceeds the 13%tlbeark, the facility will be deficient in meeting
the reactive power requirements at the point ohegction to the IESO-controlled grid.

TheApplicantshall consider one of the following options toweca conditional approval for the
connection of the proposed facility:

A. Seek an exemption of the Market Rule requirementdactive power capability -
http://www.ieso.ca/imoweb/exemptions/exemptions.asp
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B. Reduce the total impedance between generatordariE$O-controlled grid, to allow the
development to inject/absorb the required reagiowger range by varying the ULTC of the 115/34.5
kV step-up transformer.

C. Reduce the total impedance between the generatdric&O-controlled grid by connecting to the
IESO-controlled grid via 115 kV connection arrangan This would eliminate the 115/34.5 kV step-
up transformer and with proper selection of thedfarmers and conductor significantly reduce the
connection impedance. Also, the following advansagfel 15 kV over the proposed 34.5 kV connection
arrangement were identified:

Decreased active power losses (defined metering goat the 115 kV side of the step-up
transformer)

By decreasing the number of pieces of equipmeséiies connection, the probability of failure
would decrease resulting in increased reliabilitthe connection system and decrease probability
of the power delivery interruptions.

Decrease maintenance costs and outage times

Might decrease overall equipment costs

Generators would be operating closer to the uratygy factor under normal operating conditions

D. Install an additional dynamic reactive device toyile required reactive power capability at the
connection point. If this option is to be selectgide and location of a device would be determined
taking into consideration two possible issues: 34/ System overvoltages and an effect of transient
voltage changes due to device switching on the rgéors.

In considering options B, C and D, the IESO pregton C. Should any of these options (B, C obBb)
selected, the IESO will need to re-assess revigedeaction arrangement and transient performantgeof
facility and complete an addendum to this report.

— End of Section —
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5. Short Circuit Assessment

In general, an addition of the synchronous generatalld increase the short circuit levels in thezaof
connection. A contribution of the proposed genagafilants to the short circuit levels in the aresw
assessed in the short circuit study done by Hydre. Ohe IESO performed an evaluation of the exgstin
breakers adequacy to interrupt expected fault $evel

Short circuit study assumed the following committadilities to be in service: Umbata GS, Wawatay G4
Lac Suel GS, Algoma Steel GS, Lakehead TS SVC,id4iagi TS SVC, series capacitors at Nobel SS,
Porcupine TS & Kirkland Lake TS SVC, and Mattagaxpansion. The short circuit levels were
calculated based on the maximum system voltag8S®kV and 127 kV.

The study results summarized in Table 12 and 18laded that the presence of the Long Rapids GS and
Twin Falls GS will marginally increase the faulvéds at Alexander SS and Lakehead TS (0.1 kA). Also
the existing breakers at Alexander SS are suffilsieated to interrupt expected fault levels.

Table 12: Short Circuit Study Results

Existing System Fault Levels

Base Fault Level (kA) Breaker Rating % of Breaker Rating
Monitored Busses Volt. Symmetrical Asymmetrical Symmetrical Asymmetrical

kV) 3-PH L-G 3-PH L-G Sym Asym 3-PH L-G 3-PH L-G
LAKEHEAD TS 220 7.5 7.4 8.4 8.2 29.5 34.1 254 25|0 24.5 24.1
LAKEHEAD TS 118 18.6 20.6 20.1 22.5 29.% 34.1 63.169.7 58.8 66.1
ALEXANDER SS 118 8.8 9.2 9.6 10.1 10.5 11.4 83.9 87.4 84.4 88.3
PORT ARTHUR#1 A 118 14.2 13.5 15. 14.3 14)2 15{9 94.5 89.8
PORT ARTHUR#1 H 118 14.5 13.5 15.6 14.5 14{2 159 98.0 91.4
BIRCH TS 118 18.8 17.9 23.0 18.9 39.8 455 47.8 445. 504 41.6

Long Rapids GS & Twin Falls GS In-Service
Fault Level (kA) % of Breaker Rating

Base Breaker Rating
Monitored Busses Volt. Symmetrical Asymmetrical Symmetrical Asymmetrical

(kV) 3-PH L-G 3-PH L-G Sym Asym 3-PH L-G 3-PH L-G
LAKEHEAD TS 220 7.5 7.4 8.5 8.3 29.5 341 25.4 25|1 24.9 24.3
LAKEHEAD TS 118 18.7 20.6 20.2 22.6 29.1 34.0 63|14 69.8 59.2 66.3
ALEXANDER SS 118 8.9 9.3 9.7 10.2 10.5 11.4 84.8 88.6 85.1 89.5
PORT ARTHUR#1 A| 118 14.2 135 15.1 14.3 14.2 15.9 10Q.0 95.1 95.09.9 8
PORT ARTHUR#1 H| 118 145 13.5 15.6 14.6| 14.2 15.9 104.1 95.1 98.11.89
BIRCHTS 118 18.8 17.9 23.0 18.9 39.8 45]5 47.8 545%. 50.5 41.5

*Breakers info not available
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Table 13: Short Circuit Level Increase

CAA 1D 20285

Table 9: Increase in Fault Levels
kA Change % Change
Monitored Busses E{J/S Symmetrical Asymmetrical Symmetrica Asymmetrical
3-PH L-G 3-PH L-G 3-PH L-G 3-PH L-G

LAKEHEAD TS 220 0.0 0.0 0.1 0.1 0.0 0.1 04 0.2
LAKEHEAD TS 118 0.1 0.1 0.1 0.1 0.3 0.2 04 0.2
ALEXANDER SS 118 0.1 0.1 0.1 0.1 0.9 1.1 0.7 1.1

PORT ARTHUR#1 A 118 0.0 0.0 0.1 0.Q 0.4 o1
PORT ARTHUR#1 H 118 0.0 0.0 0.0 0.1 0.1 044
BIRCH TS 118 0.0 0.0 0.1 0.0 0.1 0.1 0.1 0.0

An evaluation of the effect the proposed generafiirhave on the other transmission customers @ th
area including the assessment of the fault intémmgapability of the existing low voltage breakavill

be done in theConnection Impact Assessmef@lIA) conducted by Hydro One. Any additional
requirements resulting from the CIA will be incladan the final SIA report or in an Addendum to the

Final SIA report.

— End of Section —

33



System Impact Assessment Report for NamewaminikaerRlydro Development Project CAA ID 20285

6. System Impact Studies

The system impact studies include the assessmekthis thermal capability and voltage performance of

the part of Northwest transmission system enconggklsg Marathon TS in the east and Port Arthur TS

and Lakehead TS in the west following the incorporeof the NRP. Also, performance of the proposed
control systems and their transient performance wealuated.

6.1 Existing Transmission

Long Rapids GS and Twin Falls GS are proposedioect to the existing Hydro One 115 kV radial
circuit A4L that emanates from Alexander SS. T8 km long circuit is a part of Lakehead 115 kVabc
area defined as the portion of the Northwest 115¥&tem bounded by Lakehead 230/115 kV
autotransformers T7 and T8, B6M at Moose Lake T@&ABA at Aguasabon GS. A4L circuit supplies
power to three load stations namely Beardmore D3étlicoe DS #3 and Long Lac TS. Also, there is on
generating station, TCPL Nipigon GS, connectedi® ¢ircuit. TCPL Nipigon GS consist of two
generators with total power output of about 38 MMéxander SS is interconnected with Marathon TS in
the east (via ASA, A1B and T1M circuits) and PorthAir TS (A6P) and Lakehead TS (A7L/A8L) in the
west. Alexander SS is also a hub station for teamnsig the power generated at Nipigon River plaRise
Portage GS (R9A), Cameron Falls GS and Alexandef@3/C2A/C3A-three ended circuits).

6.2 Area Loads and Load Growth

The IESO’s load forecast with the consent of Hy@re was used in this assessment. It is anticiphtead
the area loads will remain relatively flat over thext five year period (2008-2013). The Northweste
is considered to be winter peaking zone.

The forecasted coincident peak load levels asagaihe light load levels coinciding with 50% of teak
loads are presented in Table 14.

Table 14: Area Loads

o : Coincident Peak Load (MW Light Load (50%) (MW)
Circuit Station
MW MVAr MW MVAr
Long Lac TS 25.0 12.1 12.5 6.1
AdL Jellicoe DS #3 0.7 0.3 0.3 0.2
Beardmore DS #2 1.3 0.6 0.7 0.3
Total A4L Circuit Load 26.3 12.7 13.2 6.4
ASA Schreiber Winnipeg DS #2 4.5 2.2 2.2 1.1
Inmet Winston Lake CTS 0.1 0.05 0.1 0.05
AlB Terrace Bay Pulp CTS 6.3 3.1 6.3 3.1
TIM Fort James Marathon CTS 8.2 4.0 4.1 2.0
Marathon DS 8.2 4.0 4.1 2.0
Total 115 kV Line (A5A, A1B, T1M) Load 27.3 13.3 .816 8.1
AGP/ Red Rock DS 7.0 3.4 3.5 1.7
A7L | Nipigon DS 3.2 1.5 1.6 0.8
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Norampac Inc. Red Rock Mill 0.8 0.4 0.4 0.2
Total A6P (or A7L)Circuit Load 11 5.3 55 3.7

Power factor of 0.9 was assumed for the loads. @wbedded generators at Terrace Bay Pulp CTS
supply most of the station load. Based on the IE3@storical record data and information providgd b
the station owner, it was assumed that the powakénfrom the grid would remain constant. The Red
Rock DS, Nipigon DS and Norampac Inc. Red Rock M#lds can be fed from either A6P or A7L
circuits. There are no real time monitoring/histatata available for the A4L circuit loads.

6.3 Study Assumptions

The IESO’s winter07-08 base case was used inftilnily svith the following assumptions integrated into
it.

System Conditions
All transmission system elements in service
Stations in the area were set to operate at OdPdowver factors measured at the HV side of the
transformers
Loads were represented bgltage dependant modelth P being modeled as 50% constant current
and 50% constant impedance (R*?) and Q being modeled as 100% constant impedancevi@p
The load in NW was scaled to the extreme weathecmtent peak load of 922 MW
(Forecasted normal weather coincident peak is 887 M
The Ontario-Manitoba and Ontario-Minnesota phasitesh were operated as per Northwest SCO:
On manual (blocked), if the change in the interfthows is equal or less than 26 MW and 10 MW
respectively. For the changes greater than destabeve, the phase shifters at Whiteshell (Manjtaba
controlling the flow within the 26 MW of scheduled interchange flow or until 4 ggems have been
called for. At International Falls, phase shiftersve until the error is less than 10 MW.
Alexander SS pre-contingency voltage was maintaiigiin the normal operating range of 123 kV to 126
kv
The NRP were assumed to operate at maximum ratedrpgmutput of 10 MW
All area generation was assumed in-service witpadeh pattern outlined in the Table 15

Table 15: Area Generation MW Output

G1 G2 G3 G4 G5 G6 G7 Total
TCPL Nipigon 20 16 36
Cameron Falls G 9 9 9 11 10 9 20 77
Alexander GS 11 11 11 12 12 57
Pine Portage GS 32 32 32 32 128§
Aguasabon GS 20 20 40
Total 338

Modeling Assumptions
- Cameron Falls G4 and G5 dynamic data were updatpérathe information provided by OPG and
used in Cameron Falls SIA, CAA ID 2007-EX316
Aguasabon GS governor and exciter model parametnes updated as per information provided by

OPG

35



System Impact Assessment Report for NamewaminikaerRlydro Development Project CAA ID 20285

Umbata GS control systems parameters were updateeranodel validation report completed by
Kestrel (December 2007)

TCPL Nipigon power output was assumed to be 36 Mgkl on the IESO'’s historical records.

The active power output and generation duratiomector the period of September 1, 2007 to September
1, 2008 are shown in Figure 12. The generationtiuraurve, derived from power output data, indésat
that the output of the TCPL Nipigon GS was at |8&sMW for 60% of the time.

TLPL Nipison:

Figure 12: TCPL Nipigon MW Output and Duration Cerv
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Study Scenarios
Two power transfer scenarios were studiB@nsfer EasandTransfer WestThe power transfers across

the relevant interfaces with total load and genendth NW are described in Table 16.

Table 16: System Conditions
EWTE TEM TEK OMTE MPFN| NW Load NW Generatioul
Flow East 333 409 355 293 25 922 880
Flow West| -354 -367 - -352 52 914 825

EWTE = East West Transfer East

TEM = Transfer East of Mackenzie
TEM = Transfer East of Kenora

OMTE = Ontario Manitoba Transfer East
MPFN = Minnesota Power Flow North

6.4 Transmission System Thermal Loading Assessment

This section of the assessment evaluates the iguifi of the local area transmission’s thermal capa
to accommodate power output of the NRP.

TheOntario Resource and Transmission Assessment {ariequires that all line and equipment loads be
within their continuous ratings with all elememtssiervice, and within their long-term emergencings

with any element out of service. Lines and equipiegly be loaded up to their short-term emergency
ratings immediately following the contingencieseftect re-dispatch, perform switching, or implement
control actions to reduce the loading to the logmgatemergency ratings.

Hydro One provided continuous and 15-min therm@hgs for the summer and winter weather
conditions. 15-min Limited Time Ratings (LTR) waralculated based on 100% pre-flows, 4 km/h wind
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and 30 Cfor summer ratings and 80% pre-flows, 4 km/h wind 40 C for winter ratings. The
aforementioned pre-flows were due to the fact pinetcontingency loading observed on some of the
circuits were exceeding 80% and 75% of their sumanerwinter ratings respectively. Also, it shouél b
noted that the continuous and 15-min LTR summéngatare the same since 15-min LTR ratings were
calculated based on 100% pre-load. The ratingswarenarized in Table 17.

The MVA and MW continuous and 15-min ratings alsaeg in Table 17 were calculated based on 0.9
power factor and minimum allowable 115 kV systerftage of 113 kV, as specified the IESO'’s
Ontario Resource and Transmission Assessment @riter

Table 17: 115 kV Circuits’ Summer Ratings

SUMMER RATINGS

Ca From o (k) | Tomp | Tomp | AMPS | AVIPS | WVA | MVA | MW | W
Alexander SS EPCOR Nipigon JCT 35.p 71 77 310 310 61 61 55 55
EPCOR Nipigon JCT| Beardmore JCT 300 6 61 230 240 45 47 41 42

A4L Beardmore JCT Jellicoe DS #3 JCT 3613 6p 6[L 230 240 45 47 41 42
Jellicoe DS #3 JCT Roxmark JCT 421 6( 61 230 240 45 47 41 42
Roxmark JCT Longlac TS 9.0 60 61| 230 240 45 47 41 42
Aguasabon SS Terrace Bay Pulp JC1 4.5 84 84 570 570 112 112 100 100

e Terrace Bay Pulp JCT Terrace Bay SS 0.0 150 127 790 790 155 155 139 139
Terrace Bay SS Angler Switch JCT 52.[7 7( 70 460 460 920 90 81 81

T1M | Angler Switch JCT Pic JCT 2.9 70 70| 460 460 90 90 81 81
Pic JCT Marathon TS 3.3 150, 129 790 790 155 155 139 139
Alexander SS Minnova JCT 83.0 66 66 430 430 84 84 76 76

A5A | Minnova JCT Schreiber JCT 8.0 66 66 430 430 84 84 76 76
Schreiber JCT Aguasabon SS 9.2 66 66 430 430 84 84 76 76
Alexander SS Reserve JCT 158 6 69 490 490 96 96 86 86

hop Reserve JCT Port Arthur TS #1 91.0 64 66 260 260 51 51 46 46
Alexander SS Reserve JCT 15.9 61 61 310 310 61 61 55 55

ATt Reserve JCT Lakehead TS 86.1 60 61 310 310 61 61 55 55

A8L | Alexander SS Lakehead TS 95.9 66 66 430 430 84 84 76 76

Since the 115 kV A4L circuit is a radial circuihetworst case scenario in terms of the circuitsling
would be no-load condition with TCPL Nipigon GS &hd NRP generating at their maximum rated
output. For these conditions, about 59.2 MVA of powould be injected into A4L circuit. The
comparison of the circuit’s thermal capacity agaihe anticipated flows under no-load conditiogiigen
in Table 18. TCPL Nipigon G1 and G2 nameplate gatiwere assumed to be 24 MVA and 20 MVA
respectively, as per facility registration data.
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Table 18: Loading Versus Thermal Capacity of Adic(@t for No-load Condition

o Circuit's Section Circuit Rating Max Generation
Cireut From To Cont MVA| Cont MW MVA MW
Alexander SS EPCOR Nipigon JC[T 60.7 54.6 55.2 50
EPCOR Nipigon JCT| Beardmore JCT 45.0 40.5 11.2 10
AdL Beardmore JCT Jellicoe DS #3 JCT 45.0 40.5
Jellicoe DS #3 JCT Roxmark JCT 45.0 40.5
Roxmark JCT Long Lac TS 45.0 40.5

The circuit’s section from EPCOR Nipigon Jct. teerdnder SS would carry the total generation power
output of 55.2 MVA and thus would be loaded beltswcontinuous rating of 60.7 MVA. The adjacent
section of A4L circuit, that is EPCOR Nipigon Jct.Namewaminikan Jct., would carry only the power
output of Long Rapids GS and Twin Falls GS. Theesfd can be concluded that A4L circuit thermal
capacity would be sufficient to accommodate incompon of the NRP.

The generation duration curve shows the percertftie time at which the generation was greaten tha
certain amount. Since the power output of the TGIligon GS was at least 35 MW for 60 % of the time
and the total coincident peak load supplied by &#tuit is approximately 27 MW, about 7 MW of
power would be injected into Alexander SS for naf¢he time. Following the incorporation of the NRP
additional 10 MW of power would appear on A4L citdotaling the amount of power being injected into
Alexander SS to about 17 MW. For the light loaddibans, about 30 MW of power would be evacuated
via A4L circuit.

The thermal loading capability of Lakehead and Ntaya 115 kV local areas was previously studied in
two separate assessments, Terrace Bay Pulp STGR T2007-284), and Lower White River GS and
Upper White River GS (CAA ID 2006-216). Both stugllgave identified the following two scenarios as
being the most impactive in terms of transmissiements thermal loading:

Table 19: Thermal Loading Critical Scenarios

Scenario Critical Transmission Element(s)
Transfer East + Coincident Peak Load (CPL) ABA, ATBM circuits
Transfer West + Light Load (50% of CPL) A6P, A7L8lAcircuits

The thermal congestion of the Lakehead 115 kV (AR, and A8L) and Marathon 115 kV (T1M, A1B
and A5A) local area circuits has been identifiedfiorementioned assessment as being inherent to the
existing 115 kV area configuration. During the susnnT1M, A1B and A5A circuits might become
overloaded for the Flow East condition, while tverdoading of A6P, A7L and A8L circuits might occur
under Flow West condition.

Transfer East, Coincident Peak Load
For high TE flow and peak load conditions whenahl generation is dispatched at capacity, congest
will be present on the Alexander SS to MarathorlIS kV line (A5A, A1B and T1M circuits) during the
summer. Study results show that T1M section fromdlce Bay SS to Pic Jct. would experience the
heaviest loading of all the 115 kV circuits betwddarathon TS to Alexander SS. For these conditions,
the loss of M23L circuit and T11 at Marathon TSjekhwas identified as the most critical contingency
thermally, will result in post-contingency overlaag of TIM, A1B and A5A circuits to 130.4%, 108.6%,
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and 110.6% of their design continuous ratings respay. To respect the circuit thermal ratings,
generation north and west of Alexander SS woulehawbe constrained off. Following the incorporatio
of the NRP a marginal change in active and reagioxeer flows over the line was observed resultmg i
the insignificant change in pre and post-continggrmwer transfers. There are no loading concerns
identified for winter conditions.

The study results are summarized in Table 25 ofefdjx B.

Transfer West, Light Load (50% of Coincident Peald)
For high TW flow and light load conditions when laital generation is dispatched at capacity, the
congestion will be present on the circuits emaigaftiom Alexander SS toward west (A6P, A7L and
A8L). Single contingency involving A8L circuit wdsund to be thermally most impactive since this
circuit carries the most power and is the highatgd of all three circuits. The lowest rated oftlatee
circuits, A6P circuit, would become congesped-contingencynder the existing system configuration.
The circuit would be loaded to 104% of its designtiuous rating. An occurrence of A8L single
contingency would load A6P and A7L circuits to 1134.and 124.3% of their design continuous ratings
respectively. The addition of the NRP would immitiér augment pre-contingency flows over the
circuits for approximately 2 MW resulting in abd%o to 3% increase in pre-contingency and post-
contingency loadings of the circuitdowever, this marginal increase caused A6P cirpoit-
contingency loading to exceed its 15-min limit@aktirating (LTR) under winter conditiariBo respect
circuits’ thermal ratings, generation north and e@g\lexander SS would have to be constrained off.
The study results are presented in Table 26 of AgigeB.

For transfer eastbound conditions the loading efxAhder SS to Port Arthur TS circuit A6P and
Alexander SS to Lakehead TS A7L and A8L circuites@l below their thermal capacity. The study
results were hence omitted in the related tablestie same reason, the thermal study results for
Alexander SS to Marathon TS line (A5A, A1B and T1M¢ omitted in the tables summarizing the
findings for transfer westbound condition.

6.5 System Voltage Assessment

The assessment of the voltage performance wasid@oeordance with the IESO3ntario Resource

and Transmission Assessment Critefine criteria states that with all facilities in giee pre-

contingency, 115 kV and 230 kV system voltage aeslifollowing a contingency shall be limited to 10%
both before and after transformer tap changermclibe post-contingency voltage declines at the
transformer station LV buses are to be limited@®&oclbefore tap changer action and 5% after tap @rang
action.

The addition of dynamic reactive power source agh generator has a positive effect on voltage
performance in the area. It is expected that themmam voltage declines would occur in responséiéo t
loss of the 115/34.5 kV step-up transformer with pfants operating at 0.9 lagging power factor it
TCPL Nipigon GS out-of-service. Under these condgi, there would be no generating units available t
support A4L circuit post-contingency voltages. Thaximum voltage increase is anticipated to occur
following the loss of the Long Lac TS load. Forststenario, it was assumed that the NRP was opgrati
in lagging power factor mode, with about 0 MVAr hgisupplied to the system.

The study was done for peak load conditions and thi¢ loads represented with voltage dependantimode
(P V*® and Q V? in both immediate pre-contingency state and istjgontingency state.

The study results summarized in Table 27 of Appefdindicate that the loss of the NRP resulted in
insignificant voltage declines of less than 3% hould be noted that the step-down transformers at
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Beardmore DS #2 and Jellicoe DS #3 are equippdd@®fitLoad-Tap-Changers (OLTC) only. Therefore,
the recorded pre-ULTC and post-ULTC values at thesestations are the same.

The loss of Long Lac TS load caused A4L circuithange from the heavy loaded circuit (27 MW) that
requires reactive support to change to a lighthdkxd circuit (2 MW). The 115 kV voltage at LongcLa
TS HV side increased for 12.1% of its pre-contingevalue to about 129 kV. This exceeded the IESO’s
criterion of 10%. Also, an increase of 7.7% wa%rded at Jellicoe DS #3 low voltage bus. It shdadd
noted that the excessive voltage rise is an egigiinblem and the proposed NRP would improve
situation in the area.

6.6 Control Systems Assessment

EXCITATION SYSTEM PERFORMANCE TESTING

The generators at Long Rapids GS and Twin Fallswi®e equipped with ESAC8B exciter. This exciter
represents the Basler digital excitation contratas voltage regulator as applied to brushlesgexxdihe
automatic voltage regulatQAVR)consists of a PID controller implemented in a njcozessor.

As per Appendix 4.2 of Market Rules, each synchusngeneration unit rated at less than 10 MVA shall
be equipped with an excitation system with:

An excitation system nominal response of at leds nd

A positive ceiling voltage at least 150% of theethfield voltage

This performance requirement would not apply teeaegation unit rated at less than 10 MVA where the
IESO determines through the connection assessmetitdt generation unit that a higher requirement i
required to maintain the reliable operation of 1BSO-controlled grid. In these circumstances, the
synchronous generation unit shall be equipped antbxcitation system with:

A voltage response time not longer than 50 ms farltage reference step change not to exceed 5p%;

A positive ceiling voltage at least 200% of theethfield voltage, and

A negative ceiling voltage of at least 140% of tated field voltage.

To evaluate excitation system performance, the &espRatio Test and Open Circuit Step Response Test
tests were performed.

1) EXCITATION SYSTEM RESPONSE RATIO TEST

This test automatically raises the reference setifrthe voltage regulator by a large amount aétim
equals zero, with generator initialized to its dadeitput at rated power factor. This will drive gation
system being tested to its ceiling as rapidly asside, allowing to measure the exciter positividirag
voltage. This test demonstrates the behavior oé¥oéer during large signal disturbances while the
generator is at full load.

Figures 14 and 15 of Appendix D illustrate Long Ramnd Twin Falls excitation systems responses

respectively. The numerical test results summatrizddable 20 indicate that field voltage of exdiat
systems proposed for installation meet the lesssitipe ceiling voltage requirement of 150%.
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Table 20: Response Ratio Test Results
Erp raten(P.U.) Bo ceiune (p-u.) Bo ceine (%0)
Long Rapids 2.57 4.09 158
Twin Falls 2.26 4.09 180

The nominal response ration was calculated to erexgitation systems full compliance with the lesse
requirements. The nominal response ratio is defasete rate of increase of the excitation systetpuat
voltage divided by rated field voltage.

As shown in Figures 16 and 17 of Appendix D, thenimal response of the excitation systems that were
proposed to install on Long Rapids GS and Twing@I6 units would be approximately 1.08 and 1.47
respectively. The proposed systems thus meet tmnabresponse ration requirement of 0.50.

2) EXCITATION SYSTEM OPEN CIRCUIT RESPONSE TEST

Step change of 5% is applied to the exciter voltagelator reference, with the generator termimdtiage
set to 1 p.u. under open circuit conditions. Thka,resulting response of exciter field voltage and
generator terminal voltage are observed. Thisdestonstrates the behavior of the exciter duringlsma
signal disturbances while the generator is at ad.lo

The test results illustrated in Figures 18 and flAapendix D show that the Lower site (Long Rapids)
and Upper site (Twin Falls) excitation systems heaica field voltage of 1.57 p.u. and 1.58 p.u. ini0
ms respectively.

It could be concluded that proposed excitationeyst meet the Market Rules performance requiremehts.

6.7 Transient Analysis

Transient analysis examined the proposed genertadémsent behavior under fault conditions. Line-to
line-to-ground (LLG) faults on high voltage systamd three-phase (3PH) faults on low voltage system
were simulated in the proximity of the Long Rap@iS and Twin Falls GS. The list of the simulated
contingencies along with the applied fault leveld aircuit breakers clearing times is given in Babl.

Table 21: List of Simulated Contingencies

Fault Fault Clearing

ID Contingency V?klila)ge Location Levels Times (ms)

(MVA) Near | Remote
SC1 | LLG fault on C1A 115 Alexander 555 -j3647 116 149
SC2 | LLG fault on A8L 115 Alexander 555 -j3647 116 149
SC3 | LLG fault on A8L 115 Lakehead 860 — 841416 149
SC4 | LLG fault on A5A 115 Alexander 555-j3647 116 116
SC5 | LLG Fault on M23L (M23+T11) 230 Marathon 438359 | 116 116
SC6 | LLG Fault on M23L (M23+T11) 230 Lakehead 518546 | 83 149
SC7 | 3PH Fault on LV Bus 13.8 TCPL Nipigon -2E-09 3 ¢ -
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The faults were simulated for the foremost stresgstem conditions, i.e. eastbound power transiieds
westbound power transfers. Furthermore, sensitstitdies run for the coincident peak and light load
conditions indicated that transient responses@tgstem generation under different loading cooialti
were alike during TE. For TW conditions, slightlypkst transient response of the system generatign wa
recorded under light load conditions. Thus, only $imulation results for TE and coincident peakijoa
and TW and light load are presented in Appendix this report.

The list of variables monitored during the dynanligturbances includes:
Rotor angles of the generation connected to AdtudifLong Rapids GS, Twin Falls GS and
TCPL Nipigon GS), Marathon area generation (Waw&8&y Umbata GS, Aguasabon GS and
Terrace Bay Pulp embedded generation), NipigonrRjeeeration (Alexander GS, Cameron Falls
GS and Pine Portage GS and thermal generationogik GS and Thunder Bay GS)
Active power output (R), reactive power output ¢ and excitation system field voltage-{E
for Long Rapids GS, Twin Falls GS and TCPL Nipigoachines
System angles and voltages (Alexander, MarathorLakdhead)
230 kV and 115 kV circuits active power flows
A4L, A6P, A7L and A5A circuit low voltages

Furthermore, only the transient simulations resglin either the greatest angle deviation of thd°NR
machines or the greatest angle deviation of sygtmaration machines are presented in Appendix E. Fo
each of these simulations the following 12 graplesdaawn:

Graph 1: Long Rapids, Twin Falls and TCPL Nipigotor angles
Graph 2: Long Rapids, Twin Falls and TCPL Nipigas E
Graph 3: Long Rapids, Twin Falls and TCPL Nipigoa Q
Graph 4: Long Rapids, Twin Falls and TCPL Nipigen P
Graph 5: Nipigon river hydro generation rotor asgle

Graph 6: Marathon area hydro generation rotor angle

Graph 7: Thermal generation rotor angels

Graph 8: System bus angles

Graph 9: Active power flows over 115 kV circuits

Graph 10: Active power flows over 230 kV circuitsdaransformers
Graph 11: Transmission system voltages (HV)

Graph 12: Distribution system voltages (LV)

Study Findings
The maximum machine rotor angle deviation, thathis,largest difference in actual maximum and

minimum angle values, for all simulated contingesare tabulated in Table 22 and Table 23. Thedabl
contain respective angle deviation for the NRP rimeeshas well as the greatest angle deviation of
monitored system generation.

Table 22: Rotor Angle Deviation, TE

TE: Coincident Peak Load
Long Rapids GS and Twin Falls GS In- Service

, _ SPREAD MAX SPREAD
Contingency Location - -
Long Rapids| Twin Falls Spread G
SC1 C1A Alexander 75.2 66.7 84.8 Cam G5
SC2 ABA Alexander 65.3 57.0 71.6 Cam G5
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SC3 A8L Alexander 70.5 62.3 79.5 Cam G5
SC4 A8L Lakehead 67.7 61.2 73.8 Cam G3
SC5 LV Bus Nipigon 55.4 49.8 55.4 Long Rpds
SC6 M23L + T11 Lakehead 34.5 30.8 43.7 Cam G3
SC7 M23L + T11 Marathon 26.9 23.9 50.9 Wawa ¢4
Transient curves for the faults highlighted in gallare shown in Appendix E.
Table 23: Rotor Angle Deviation, TW
TW: Light Load (50% of Coincident Peak Load)
Long Rapids GS and Twin Falls GS In- Service
_ , SPREAD MAX SPREAD
Contingency Location - -
Long Rapids| Twin Falls Spread G
SC1 C1A Alexander 74.6 70 108 Cam G1
SC2 ASA Alexander 71.3 63.7 91.1 Cam G5
SC3 A8L Alexander 70.2 61.8 88.6 Cam G5
SC4 A8L Lakehead 69.4 62.2 86.8 Cam G3
SC5 LV Bus Nipigon 56.4 50.6 56.4 Long Rpds
SC6 M23L + T11 Lakehead 47.3 43.4 59.6 Agua Gi1
SC7 M23L + T11 Marathon 22.2 21.6 62.2 Wawa ¢4

Transient curves for the faults highlighted in gallare shown in Appendix E.

It could be concluded from the study results thatfault on C1A at Alexander SS was the most severe
one in terms of angle deviation.

In conclusion, all othe dynamic simulations tested showed acceptalferpgance.

However, the Long Rapids and Twin Falls field voiaErp) demonstrated oscillatory behavior during
the disturbances.

Although the responses of the excitation systertieedtiRP do not impact system stable performance,
recommended that the poor performance of the diaitaystems at Long Rapids and Twin Falls be

eradicated.

The graphs illustrating the field voltage oscilteis under fault conditions involving C1A circuikar
shown in Figure 13.
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Figure 13: Long Rapid&r, Curve
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Appendix A: Reactive Power Capability Study Results
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Table 24: Reactive Capability Study Results
Tap Position V. Qs r Qs 1F Qror QLoss Qpcc Qpcc SC SCreal Vr ViR LR VirTF Vint Vir Vece Vrr
Lower _ Upper Interc.| > | (MVAr) | (MVAr) | (MVAN) | (MVAN) | (MVAN) | (MVAD) | (MVAD) | (MVAD | (V) | V) | V) | (V) | (V) | (V) | (%)
1 1 1 0.95 -1.8 -1.5 -3.3 21 -5.4 +2.1 4.08 34.4 34.4 34.4 34.6 122.8 -0.3
1 1 1 1 1 -1.3 -1.2 -2.5 2 -4.5 4.16 349 349 349 349 123 1.2
1 1 1 1.05 -0.1 -0.3 -0.4 16 -2 -5.5 4.4 36.2 36.2 36.2 35.9 1237 4.9
1.05 1.05 1.000 0.95 -1.3 -1.2 -2.5 21 -4.6 +1.3 4 34.8 34.8 34.8 34.9 122.9 0.9
2 1.05 1.05 1.000 1 -0.1 -0.2 -0.3 17 -2 4.16 36.2 36.2 36.2 35.9 123y 49
1.05 1.05 1.000 1.05 13 0.9 22 16 06 -2.9 4.4 375 375 375 36.8| 1244 8.7
1 1 1.047 0.95 -1.2 -1.2 -2.4 2.2 -4.6 +1.3 4 33.2 33.2 33.2 33.2 122.9 -3.
3 1 1 1.047 1 -0.1 -0.3 -0.4 18| -22 4.16 34.4 345 34.4 34.2 123y 0.0
1 1 1.047 1.05 1.2 0.8 2 1.8 0.2 -3.3 4.4 35.7 35.9 35.7 35.1 1243 3.9
1 1 1.062 0.95 -0.9 -0.9 -1.8 2.2 -4 +0.7 4.16 33 33.1 33 33 123.1 -4.1
4 1 1 1.062 1 0.2 0 0.2 1.8 -1.6 4.16 34.3 34.3 34.3 33.9 123.8 -0.6
1 1 1.062 1.05 1.6 1.1 2.7 1.9 0.8 -2.7 4.4 35.6 35.8 35.6 34.9 1245 3.7
1.025 1.025 1.076 0.95 0 -0.2 -0.2 21 22 -1.1 4 335 33.6 335 33.2 123.6 -2.4
5 1.025 1.025 1.076 1 1.2 0.8 2 22| -0.2 4.16 34.8 35 34.8 34.1 124. 1.4
1.025 1.025 1.076 1.05 2.6 2 4.6 2 2.6 -0.9 4.4 36.1 36.3 36.1 35.1 125 5.2
1.025 1.025 1.076 0.95 -0.6 -0.6] -1.2 2 -1.3 2 1.9 4 33.7 33.8 33.7 33.6 123.8 -2.
6 1.025 1.025 1.076 1 0.7 0.3 1 18 1.2 2 2 4.16 35 35.1 35 345 124.6 1.7
1.025 1.025 1.076 1.05 2 14 34 19 36 +0.1 2 21 4.4 36.3 36.5 36.3 35.5 1253 5.
1.025 1.025 1.047 0.95 -0.7 -0.8] -1.5 2 -3.5 +0.2 4 33.8 33.8 33.8 33.7 123.8 -2.
7 1.025 1.025 1.047 1 0.5 0.3 0.8 17 -0.9 4.16 35.1 35.2 35.1 34.6 123.9 2.0
1.025 1.025 1.047 1.05 1.9 1.4 3.3 1.8 15 -2 4.4 36.4 36.6 36.3 35.6 124.6 6.1
Vsch Scheduled generator terminal voltage TV Generators terminal voltage
Qs r Q generated at Long Rapids GS RWK Long Rapids step-up transformer 34.5 kV voltage
Qs TF Q generated at Twin Falls GS TRYE Twin Falls step-up transformer 34.5 kV voltage
Qror Q generated by both plants Ny Interconnection point voltage
Qrcc Q at point of connection M Namewaminikan substation 34.5 kV voltage
QLoss Q losses Wec Voltage at point of connection
Qrccr  Qrpcc requirer Qpcc acTuaL Vrrre  Twin Falls step-up transformer 34.5 kV voltage aj&n

SC Shunt capacitor size
SCrea.  ActualMVAr injected into the system
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Appendix B: Thermal Loading Study Results
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Table 25: TE, Coincident Peak Load Conditions
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2009: TE, Peak Load, Initial Conditions

. Ratings Pre-contingency Loss of M23L + T11
§ Section Summer Ratingg  Winter Ratingp Loading Summer Winter Loading Summer Winter
O Cont 15Min | Cont 15 Min Cont 15-M | Cont 15-M Cont 15-M | Cont 15-M
From To MVA  Amps MVA  Amps
Amps Amps | Amps Amps % % % % % % % %

ALEX SS TCP NIP 310 310 390 390 6.9 314 101 101 | 8.1 8.1 7.2 33.3 10.7 10.7 8.5 8.5
TCP NIP NWAM_RVR J| 230 240 330 340 29.1 1334 579 555 | 404 39.2] 288 132| 57.7 553 | 402 39.0

AL NWAM_RVRJ BEADMRJ 230 240 330 340 28.6 1334 58.0 55.6 | 404 39.2| 282 132| 57.8 554 | 403 39.1
BEADMR J JELICO3J 230 240 330 340 273 1274 553 530 | 386 374 269 126/ 55.1 528 | 384 373
JELICO3J ROXMARKJ 230 240 330 340 25,9 1241 540 517 | 376 365 256 123| 53.7 515 | 375 364
ROXMARKJ LONGLAC 230 240 330 340 252 124542 519 | 378 36.6/ 249 124| 540 517 | 376 365

1M MARATHON PIC JT1M 790 790 870 930 844 388 49.2 49.2 | 447 41.8] 1155 547 69.3 693 | 629 5838
PIC JT1M TERRACE 460 460 600 640 949 4404 958 958 | 73,5 689 125.7 599| 130.4 130.4| 100.0 93.7
TERRACESS TERRACEJ 790 790 870 930 94.9 4404 55.8 55.8 | 50.7 47.4] 1257 599| 759 759 | 689 645

AlB TERRACE J AGUASABO 570 570 680 720 100.3 465. 81.7 817 | 685 64.7| 1299 619/ 108.6 108.6| 91.1 86.0
AGUASABO SCHREIBJ 430 430 580 610 62.8 2914 67.9 679 | 50.3 478 951 454| 1056 105.6| 783 744

A5A | SCHREIBJ MINNOVAJ 430 430 580 610 66.6 3094 719 719 | 533 50.7f 98.6 470| 109.5 109.5| 812 77.2
MINNOVAJ ALEX SS 430 430 580 610 68.7 3154 73.3 733 | 543 51.6( 103.0 475|110.6 110.6| 82.0 78.0

2009: TE, Peak Load, NRP In-service

ALEX SS TCP NIP 310 310 390 390 16.8 77| 248 248 | 197 19.7| 16.6 76.4 248 248 | 19.7 197
TCP NIP NWAM_RVR J| 230 240 330 340 189 857 373 357 | 26.0 252 191 87| 37.8 363 | 264 256
AL NWAM_RVRJ BEADMRJ 230 240 330 340 285 131} 57.0 546 | 39.7 386| 287 132| 57.7 553 | 402 39.0
BEADMR J JELICO3J 230 240 330 340 27.2 125/ 543 521 | 379 368/ 274 126 55.1 528 | 384 373
JELICO3J ROXMARKJ 230 240 330 340 259 121{ 530 508 | 369 359 26 1234 53.7 515 | 375 364
ROXMARKJ LONGLAC 230 240 330 340 252 1224 532 510 | 371 36.00 254 124| 540 517 | 376 365
MARATHON PIC JT1M 790 790 870 930 83.9 389 493 493 | 447 41.8] 113.7 538| 682 682 | 619 579

TiM PIC JT1M TERRACE 460 460 600 640 95.1 4424 96.3 96.3 | 73.8 69.2 1243 592| 128.7 128.7| 98.7 925
ALB TERRACESS TERRACEJ 790 790 870 930 95.1 4424 56.1 56.1 | 509 47.6] 1243 592| 749 749 | 681 63.7
TERRACE J AGUASABO 570 570 680 720 100.6 468.] 82.2 822 | 689 650 128.7 612) 107.5 107.5| 90.1 85.1
AGUASABO SCHREIBJ 430 430 580 610 63.4 295 68.7 68.7 | 50.9 48.4 93.8 447|104.0 104.0| 77.1 733

A5A SCHREIBJ MINNOVAJ 430 430 580 610 67.2 3124 72.7 72.7 | 53.9 513 974 464| 1079 107.9| 80.0 76.1
MINNOVAJ ALEX SS 430 430 580 610 69.5 3184 74.0 74.0| 549 522 101.7 468| 109.0 109.0| 80.8 76.9
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Table 26: TW, Light Load (50% of Coincident Peakd)oConditions

CAA IDB285

2009: TW, Light Load, Initial Conditions

. Ratings Pre-contingency Loss of A8L
§ Section Summer Ratingg  Winter Ratingp Loading Summer Winter Loading Summer Winter
O Cont 15Min | Cont 15 Min Cont 15-M | Cont 15-M Cont 15-M | Cont 15-M
From To MVA  Amps MVA  Amps
Amps Amps | Amps Amps % % % % % % % %
ALEX SS TCP NIP 310 310 390 390 20.8 95.2 30.7 30.7 | 244 244 208 951 30.7 30.7| 244 244
TCP NIP NWAM_RVR J| 230 240 330 340 15.2 68.9 30.0 28.7 | 20.9 20.3| 152 69| 30.0 28.8 | 209 203
AL NWAM_RVRJ BEADMRJ 230 240 330 340 15.3 70.2 305 293 | 213 20.6f 153 70.4 305 293 | 213 206
BEADMR J JELICO3J 230 240 330 340 13.9 63.9 278 26.6 | 194 18.8( 13.9 63.9 278 26.6 | 194 1838
JELICO3J ROXMARKJ 230 240 330 340 134 6245 272 260 | 189 184 134 625 272 260 | 189 184
ROXMARKJ LONGLAC 230 240 330 340 13.9 66.2 288 27.6 | 20.1 195 13.9 66.3 28.8 27.6 | 201 195
ALEX SS RES JA6P 490 490 640 680 68.5 314.] 641 64.1 | 491 46.2| 857 392 80.2 80.2| 614 57.8
AGP RES JA6P PTART#1A 260 260 350 350 58.9 2704 104.0 104.0| 77.3 77.3| 758 348.¢ 134.1 134.1| 99.6 99.6
A7L ALEX SS RES JA7L 310 310 440 460 645 2951 953 953 | 67.2 64.2| 84.1 385 1243 124.3| 87.6 8338
RES JA7L LAKEHEAD 310 310 440 460 64 2944 950 950 | 66.9 64.0f 833 384|124.0 124.0| 874 836
A8L | ALEX SS LAKEHEAD 430 430 580 610 714 327 76.2 76.2 | 56,5 53.7 0 0| 0.0 0.0 0.0 0.0
2009: TW, Light Load, NRP In-service
ALEX SS TCP NIP 310 310 390 390 30.2 138. 446 446 | 355 355 302 138, 446 446 | 355 355
TCP NIP NWAM_RVR J| 230 240 330 340 6 27| 117 113 | 8.2 7.9 6 27| 11.7 113 8.2 7.9
NWAM_RVRJ BEADMRJ 230 240 330 340 15.2 69.1 30.0 28.8 | 20.9 20.3| 152 69.1] 30.0 288 | 209 203
AdL BEADMR J JELICO3J 230 240 330 340 13.9 62.9 273 26.2 | 19.1 185 13.9 62.9 273 26.2 | 191 185
JELICO3J ROXMARKJ 230 240 330 340 13.3 615 26.7 256 | 18.6 18.1| 13.3 615 26.7 256 | 186 18.1
ROXMARKJ LONGLAC 230 240 330 340 13.9 65.3 284 27.2 | 19.8 19.2 13.9 65.3 284 272 | 198 192
AGP ALEX SS RES JA6P 490 490 640 680 69.9 319 653 65.3 | 50.0 47.0f 874 400. 817 817 | 625 589
RES JA6P PTART#1A 260 260 350 350 60.2 276.f 106.3 106.3| 789 789 776 356.4 137.0 137.0| 101.8 101.4
ALEX SS RES JA7L 310 310 440 460 66 3024 975 975 | 68.7 657 86.1 394, 127.1 127.1| 89.6 857
ATL RES JA7L LAKEHEAD 310 310 440 460 65,5 3014 972 97.2 | 685 655 853 393|126.8 126.8| 89.4 855
A8L | ALEX SS LAKEHEAD 430 430 580 610 732 335 779 779 | 57.8 54.9 0 0| 0.0 0.0 0.0 0.0
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Appendix C: Voltage Study Results
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Table 27: Voltage Decline Study For Coincident Peald Conditions

Voltage Dependant Load (PV}®, Q \?)

NRP: Q g=4.8 MVAr, Qpcc=2.6 MVAr

NRP: Q g=0 MVAP=0 MVAr

> >
o (8]
c c
Monitored Busses g Loss of Namewaminikan Substatio & Loss of Long Lac TS Step-up
= Stepup Transformer = Transformer
3 TCPL Nipigon Out-of-service Pre- 3 The NRP Out-of-service Pre-
o contingency o contingency
o o
PRE-ULTC POST-ULTC PRE-ULTC POST-ULTC
Bus Name Base k\
kv kv % kv % kv % kv %
WAWA 220 241.2 241.6 0.2 241.6 0.2 240.5 -0.5240.5 -0.5
MARATHON 220 242.9 243.3 0.2 243.3 0.2 242.4 -0.5 2425 -0.5
LAKEHEAD 220 246.6 246.6 0.0 246.5 0.0 2479 -0.1 248 0.0
MARATHON 118 124.9 125.1 0.2 125.1 0.2 1245 -0.6 124.6 -0.5
LAKEHEAD 118 124.6 124.6 0.0 124.6 0.0 124 2-0 124.1 -0.1
ALEX SS 118 126 125.8 -0.2 125.8 -0.7 1257 .0 0 1257 0.0
BEARDMOR 118 123.7 120.6 -2.5 120.4 -2.] 128 45 128 4.5
JELICO#3 118 120.6 117.6 -2.5 117.3 -2. 428. 7.5 128.5 7.6
LONGLAC 118 116.2 113.4 -2.4 112.9 -2.4 128.7 12.0 128.8 121
BEARDMOR 24.9 26.6 26 -2.3 26 -2.3 27.6 4.5 .627 4.5
JELLICOE#3 12.5 13.1 12.8 -2.3 12.8 -2. 14 7.7 14 7.7
LONGLAC 44 46.3 45.2 -2.4 46.1 -0.4 0 0
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Appendix D: Control Systems Performance Test Result s
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Figure 14: Long Rapids Excitation Systems RespBase Test

Ero cenne=4.09 p.L

Erp ceme 4.09 p.u.
= x 100% = 159 %
Ero raten 2.57 p.u.

Erorarec = 2.57 p.L

Figure 15: Twin Falls Excitation Systems Resporet®oR est

Ero cenne=4.09 p.L

Erp ceme 4.09 p.u.
= X 100% = 181 %
Eep raten 2.26 p.u.

Erorarec = 2.26 p.L
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Figure 16: Long Rapids Response Ration Test, Exqgrh&dale
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Figure 17: Twin Falls Response Ration Test, Expdritisale
5.0
Nominal response = 1.66 / (2.26 * 0.5)
=1.47
S
&
§ Erpoorm= 3.64 pL ......... "
—
®)
>
a)
-
w
T
i
= 1.66
O
x
w
Erprarec = 2.26 p.L
2.0

TIME (seconds)

54

CAA 1D 20285



System Impact Assessment Report for NamewaminikaerRlydro Development Project CAA ID 20285

Figure 18: Long Rapids Excitation Systems OpenutiResponse Test

Figure 19: Twin Falls Excitation Systems Open Cir®esponse Test
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Appendix E: Transient Study Results
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TE: Long Rapids Machine Rotor Angle For Differemin@ngencies
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TE: Twin Falls Machine Rotor Angle For Different @mgencies
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TW: Long Rapids Rotor Angle For Different Contingjes
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TW: Long Rapids Rotor Angle For Different Contingies
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TE: LLG Fault on C1A @ Alexander SS -1
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