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System Impact Assessment Report 
 
Namewaminikan River Hydro Development Project 
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Disclaimers 
 
IESO 
 
This report has been prepared solely for the purpose of assessing whether the connection 
applicant's proposed connection with the IESO-controlled grid would have an adverse impact on 
the reliability of the integrated power system and whether the IESO should issue a notice of 
approval or disapproval of the proposed connection under Chapter 4, section 6 of the Market 
Rules.  
 
Approval of the proposed connection is based on information provided to the IESO by the 
connection applicant and the transmitter(s) at the time the assessment was carried out. The IESO 
assumes no responsibility for the accuracy or completeness of such information, including the 
results of studies carried out by the transmitter(s) at the request of the IESO. Furthermore, the 
connection approval is subject to further consideration due to changes to this information, or to 
additional information that may become available after the approval has been granted. Approval 
of the proposed connection means that there are no significant reliability issues or concerns that 
would prevent connection of the proposed facility to the IESO-controlled grid. However, 
connection approval does not ensure that a project will meet all connection requirements. In 
addition, further issues or concerns may be identified by the transmitter(s) during the detailed 
design phase that may require changes to equipment characteristics and/or configuration to ensure 
compliance with physical or equipment limitations, or with the Transmission System Code, 
before connection can be made.  
 
This report has not been prepared for any other purpose and should not be used or relied upon by 
any person for another purpose.  This report has been prepared solely for use by the connection 
applicant and the IESO in accordance with Chapter 4, section 6 of the Market Rules.  The IESO 
assumes no responsibility to any third party for any use, which it makes of this report.  Any 
liability which the IESO may have to the connection applicant in respect of this report is 
governed by Chapter 1, section 13 of the Market Rules.   In the event that the IESO provides a 
draft of this report to the connection applicant, you must be aware that the IESO may revise drafts 
of this report at any time in its sole discretion without notice to you. Although the IESO will use 
its best efforts to advise you of any such changes, it is the responsibility of the connection 
applicant to ensure that it is using the most recent version of this report. 
 
HYDRO ONE 
 
Special Notes and Limitations of Study Results 
 
The results reported in this study are based on the information available to Hydro One, at the time 
of the study, suitable for a preliminary assessment of a new generation or load connection 
proposal. 
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The short circuit and thermal loading levels have been computed based on the information 
available at the time of the study.  These levels may be higher or lower if the connection 
information changes as a result of, but not limited to, subsequent design modifications or when 
more accurate test measurement data is available. 
 
This study does not assess the short circuit or thermal loading impact of the proposed connection 
on facilities owned by other load and generation (including OPGI) customers. 
 
In this study, short circuit adequacy is assessed only for Hydro One breakers and does not include 
other Hydro One facilities.  The short circuit results are only for the purpose of assessing the 
capabilities of existing Hydro One breakers and identifying upgrades required to incorporate the 
proposed connection.  These results should not be used in the design and engineering of new 
facilities for the proposed connection.  The necessary data will be provided by Hydro One and 
discussed with the connection proponent upon request. 
 
The ampacity ratings of Hydro One facilities are established based on assumptions used in Hydro 
One for power system planning studies.  The actual ampacity ratings during operations may be 
determined in real-time and are based on actual system conditions, including ambient 
temperature, wind speed and facility loading, and may be higher or lower than those stated in this 
study. 
 
The additional facilities or upgrades which are required to incorporate the proposed connection 
have been identified to the extent permitted by a preliminary assessment under the current IESO 
Connection Assessment and Approval process. Additional facility studies may be necessary to 
confirm constructability and the time required for construction. Further studies at more advanced 
stages of the project development may identify additional 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 river hydroelectric generating facilities, namely Long Rapids 
GS (Lower Namewaminikan river site) and Twin Falls GS (Upper Namewaminikan river site), in the town 
of Beardmore area, in Northwest Ontario. The installed generating capacity at the Lower site will be 6.2 
MVA. The Upper site will have the installed capacity of 5 MVA totalling the nameplate capacity of both 
sites to 11.2 MVA (10 MW). The power output of both facilities will be transferred via 34.5 kV system 
and injected into the existing Alexander SS 115 kV radial circuit A4L in the proximity of the existing 
Beardmore DS #2.  
 
This is a development projects that classifies under the Ontario Power Authority’s (OPA) Northern 
Hydroelectric Initiative. The earliest expected in service day for the proposed facilities is the end of 2010. 
 
This System Impact Assessment (SIA) examined the impact of connecting the Namewaminikan River 
plants (NRP) on the reliability of the IESO-controlled grid.  
 

Findings 
 
1. The total impedance between the NRP generator terminals and the point of connection to the IESO-

controlled grid calculated on total MVA rating of the generation facilities of 11.2 MVA is 21.7%. 
Hence, the impedance exceeds the benchmark of 13% required to ensure reactive power capability 
compliance with the Market Rules. This high impedance will limit the delivery of the required reactive 
power to the IESO-controlled grid by increasing the reactive power losses within the development and 
by limiting the utilization of generators’ reactive power capability. 
The required reactive power range for the 10 MW facility is 6.8 MVAr at the point of connection, that 
is the sum of the reactive power produced by the facility when operating in lagging power factor mode 
(3.5 MVAr) plus reactive power absorbed by the facility when operating in leading power factor mode 
(-3.3 MVAr). 
Study results indicated that the amount of reactive power supplied at the connection point is dependent 
on step-up transformers tap positions. Proper selection of the taps would allow generators to operate 
close to 0.9 lagging power factor. In this case, with taps set to Tap1=Tap2=1.025 and Tap3=1.0764, 
the proposed development would be capable of supplying 2.6 MVAr to the IESO-controlled grid and 
in absorbing -2.2 MVAr of reactive power from the IESO-controlled grid. Thus, at best the actual 
NRP’s reactive power range would be about 4.8 MVAr.  
With taps set to Tap1=Tap2=1.025 and Tap3=1.0472, the development would be able to meet the 
absorbing reactive power requirement of -3.3 MVAr. This would mean that for the one constant 
system voltage and by varying the 115/34.5 kV transformer ULTC, the NRP would be capable of 
providing reactive power range of 5.9 MVAr at the point of connection. Therefore, the facility would 
still be deficient in supplying 0.9 MVAr to the IESO-controlled grid. 
 

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

 
4. Thermal congestion of the Lakehead 115 kV (A6P, A7L and A8L) and Marathon 115 kV (T1M, A1B 

and A5A) local area circuits has been identified in the previous connection assessment (CAA ID 
2006-216 and CAA ID 2007-284) as being inherent to the existing 115 kV area configuration. During 
the summer, T1M, A1B and A5A circuits might become overloaded for the Flow East (TE) condition, 
while the overloading of A6P, A7L and A8L circuits might occur under Flow West (TW) condition. 
The proposed NRP connecting to the 115 kV circuit A4L would marginally contribute to the existing 
thermal congestion problem. Specifically: 

 
i) For high TE flow and peak load conditions when all local generation is dispatched at capacity, 

congestion will be present on the Alexander SS to Marathon TS 115 kV line (A5A, A1B and T1M 
circuits) during the summer. Study results show that T1M circuit section from Terrace Bay SS to 
Pic Jct. would experience the heaviest loading of all the 115 kV circuits between Marathon TS to 
Alexander SS. For these conditions, the loss of M23L circuit and T11 at Marathon TS, which was 
identified as the most critical contingency thermally, will result in post-contingency overloading 
of T1M, A1B and A5A circuits to 130.4%, 108.6%, and 110.6% of their design continuous ratings 
respectively. To respect the circuit thermal ratings, generation north and west of Alexander SS 
would have to be constrained off. Following the incorporation of the NRP a marginal change in 
active and reactive power flows over the line was observed resulting in the insignificant change in 
pre and post-contingency power transfers. There are no loading concerns identified for the winter 
conditions. 
 

ii)  For high TW flow and light load conditions when all local generation is dispatched at capacity, 
the congestion will be present on the circuits emanating from Alexander SS toward west (A6P, 
A7L and A8L). Single contingency involving A8L circuit was found to be thermally most impactive 
since this circuit carries the most power and is the highest rated of all three circuits. The lowest 
rated of all three circuits, A6P circuit, would become congested pre-contingency under the 
existing system configuration (104% of its design continuous ratings respectively). The addition of 
the NRP would marginally augment pre-contingency flows over the circuits for approximately 2 
MW resulting in about 2% to 3% increase in pre and post-contingency loadings of the circuits. 
However, this marginal increase would cause A6P circuit post-contingency loading to exceed its 
15-min limited time rating (LTR) under winter conditions. To respect circuits thermal ratings, 
generation north and east of Alexander SS would have to be constrained off. 
 

iii)  Thermal congestion of T1M, A1B, and A5A circuits is not of a concern during TW condition. 
Likewise, loading of A6P, A7L and A8L circuits is not of a concern under TE condition. 
 

5. To optimize generating facility performance, the nominal high side voltage of the step-up transformer 
should be selected based on the typical system operating voltage. The normal operating voltage range 
at Alexander SS is 123 kV to 126 kV. Based on IESO’s historical records, the typical operating 
voltage at Alexander SS is 125-126 kV. The power flow analysis indicated that the voltage drop 
between Alexander SS and Beardmore Jct. that is in the vicinity of the proposed NRP’s connection 
point to the IESO-controlled grid is about 3 kV. With the NRP in service, voltage at Beardmore Jct. 
would improve and would be around 124-125 kV for peak load condition and about 127 kV for light 
load condition. 
 

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

 
8. Although the NRP excitation systems field voltages exhibited oscillations during transients, all of the 

dynamic simulations tested showed acceptable transient performance. 
 

IESO’s Requirements for Connection 
 

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

1. Since the NRP is deficient in meeting the reactive power requirements at the point of connection to the 
IESO-controlled grid, the Applicant shall consider one of the following options to secure a conditional 
approval for the connection of the proposed facility: 

 
A. Seek an exemption of the Market Rule requirement for reactive power capability - 

http://www.ieso.ca/imoweb/exemptions/exemptions.asp 
 
B. Reduce the total impedance between generators and the IESO-controlled grid, to allow the 

development to inject/absorb the required reactive power range by varying the ULTC of the 
115/34.5 kV step-up transformer.  

 
C. Reduce the total impedance between the generators and IESO-controlled grid by connecting to the 

IESO-controlled grid via 115 kV connection arrangement. This would eliminate the 115/34.5 kV 
step-up transformer and with proper selection of the transformers and conductor significantly 
reduce the connection impedance. 
 

D. Install an additional dynamic reactive device to provide required reactive power capability at the 
connection point. If this option is to be selected, size and location of a device would be determined 
taking into consideration two possible issues: 34.5 kV system overvoltages and an effect of 
transient voltage changes due to device switching on the generators. 

 
In considering options B, C and D, the IESO prefers option C. Should any of these options (B, C or D) 
be selected, the IESO will need to re-assess revised connection arrangement and transient performance 
of the facility and complete an addendum to this report. 

 
2. Each synchronous generator connecting to the IESO-controlled grid must satisfy the Generation 

Facility Requirements stated in Appendix 4.2, References 1 to 16 of Market Rules. 
In particular, for the proposed machines rated at 3.1 MVA (2.75 MW) and 2.5 MVA (2.25 MW) 
Reference 1 results in machines being required of having the capability to supply reactive power in the 
range of 1.33 MVAr (lagging) to -0.90 MVAr (leading) and 1.09 MVAr (lagging) and -0.74 (leading) 
respectively. Reactive power requirements are based on rated active power at rated voltage, as per 
Market Rules performance standards stated in Appendix 4.2. Rated active power shall be the lesser of 
registered maximum continuous real power and 90% of the unit nameplate MVA. 
During the facility registration process, Axor shall submit generators reactive capability curve to the 
IESO as evidence that the generators are capable of meeting the reactive power requirements. 

 
3. The proposed Under Load Tap Changer (ULTC) of the Namewaminikan substation step-up 

transformer must be operated in manual mode. 
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4. Final selections of the 34.5/4.16 kV transformers off-load positions, 115/34.5 kV transformer on-load 
position and voltage regulators set point at the NRP will be directed by the IESO during the 
commissioning. 
 

5.  The high voltage 115 kV connection equipment must be capable of continuously operating in the 
range between 113 kV and 132 kV, as per Appendix 4.1 of Market Rules.  
More specifically, this means: 

 
·  connection equipment must have a maximum continuous voltage rating of at least 

132 kV, 
 

·  equipment must be able to interrupt rated fault current for voltages up to the maximum 
continuous rating, and 

 
·  equipment, including plant auxiliaries, must remain in service and not automatically trip, for 

the voltages up to 5% above the maximum continuous rating, in this case 138 kV, for up to 30 
min, to allow the system to be re-dispatched to return voltages within their normal range.  

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

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

7. The Transmission System Code (TSC) requires 115 kV breaker to have a 50 kA rated interrupting 
capability for both three-phase and single line-to-ground faults with a rated interrupting time of 5 
cycles or less. While the TSC does not specify the fault level interrupting capability requirements for 
the circuit breakers rated below 13.8 kV, it does require these breakers to have rated interrupting time 
of 8 cycles or less.  
The specified 115 kV breaker have maximum symmetrical and asymmetrical short circuit capability of 
40 kA and 25 kA respectively. The existing short circuit levels at Alexander SS are significantly lover 
(<10 kV) than the maximum acceptable system fault levels of 50 kA specified in the TSC. The 
proposed breaker will be accepted, subject to Hydro One’s approval, as long as its short circuit 
interrupting capability is adequate for anticipated increase in short circuit level due to future system 
expansions in the area. In this case, if future short circuit level at Namewaminikan substation increases 
beyond the breaker’s interrupting capability, Axor will be required to upgrade its interrupting device at 
its own expense. 
The proposed HV and LV breakers have specified interrupting time of 60 ms and thus meet the TSC 
requirement of 83 ms (5 cycles) and 133 ms (8 cycles) respectively.   
 

8. Synchronizing breakers (4.16 kV) must be capable of withstanding at least 2 p.u. voltage across their 
open terminals. Since the Applicant did not provide any information related to the synchronizing 
capability of the breakers, this capability will have to be confirmed before the proposed facility 
connects to the IESO-controlled grid.  
 

9. Protection systems must be designed to meet all the requirements of the TSC and any additional 
requirements identified by Hydro One. Protection settings at the NRP must be coordinated with Hydro 
One. 
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10. Faults within the facility must not trip 115 kV circuits A4L except for the failure of 115 kV 
connection breaker. After the facility begins operation, if the tripping of A4L occurs due to events 
within the facility, the facility may be required to be disconnected until the problem is solved. 
The proposed connection arrangement for the NRP includes circuit breaker on the tap. This 
arrangement reduces the risk of tripping A4L for faults within the facility. 

 
11. The generators shall be capable of operating continuously at full power for a system frequency range 

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

12. The generators must operate in the voltage control mode. Operation of the facility in power factor 
mode or reactive power control mode is not acceptable, without prior approval from the IESO. 
 

13. The generators shall not trip for the design criteria contingencies on the IESO-controlled grid that do 
not disconnect the machines by configuration.  
 

14. Connection equipment must be designed so that the adverse effects of their failure on the IESO-
controlled grid are mitigated. Specifically, this includes ensuring that all circuit breakers at the NRP 
fail in the open position for the loss of the insulation medium.  
 

15. Connection equipment must be designed so that it will be fully operational in all reasonably 
foreseeable ambient temperature conditions. This includes ensuring that SF6 circuit breakers are 
equipped with heaters to maintain adequate gas pressure. 
 

16. Since the proposed facility is smaller than 20 MVA, it is classified as minor generating facility 
connecting to the IESO-controlled grid. The list of the requirements with respect to the telemetry that 
must be provided to the IESO and to the standards that must be achieved on a continual basis by the 
facility is given in Appendix 4.15 and Appendix 4.19 of Market Rules. The Applicant must ensure that 
all the equipment needed to provide the telemetry data and to meet the performance standards will be 
installed. The IESO will finalize items to be telemetered during the IESO Market Entry process. 
 

17. The Connection Applicant must complete the IESO facility registration process in timely manner 
before IESO final approval for connection is granted. Final models and data, including any controls 
that would be operational must be provided to the IESO prior to the first energization. 
 

18. During commissioning, the Connection Applicant must provide evidence to the IESO confirming that 
the equipment installed meets the Market Rules and matches or exceeds the performance predicted. 
This evidence shall be either type tests done in a controlled environment or commissioning tests done 
on-site. In either case, the testing must be done not only in accordance with widely recognized 
standards, but also to the satisfaction of the IESO. Until this evidence is provided, the Applicant must 
accept any restrictions the IESO may impose upon their participation in IESO-administered market or 
connection to the IESO-controlled grid. 

19. If the actual parameters submitted for the registration of the facility significantly differ from those 
used in the assessment, the results of this SIA may have to be revised. 
 

20. Final connection of this project may also be subject to any further requirements specified in the 
Customer Impact Assessment (CIA) performed by Hydro One. Any additional requirements resulting 
from the CIA will be included in the final SIA report or in an Addendum to the Final SIA. 
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21. During the IESO’s facility registration process, the Applicant will be required to demonstrate to the 
IESO that all the requirements identified in the System Impact Assessment (SIA) report have been 
satisfied. 

 
The following requirements are directed to the Applicant and the Transmitter (Hydro One). 
 
·  The connection applicant is required to initiate an assessment of the existing protection systems with 

the transmitter. The transmitter shall identify any relay protection modifications (equipment and 
settings) required to incorporate the new facility.  The IESO will evaluate the impact on system 
reliability due to any relay protection modifications and in this regard changes to functionality, timing, 
or reach. The IESO will not assess aspects of protection systems which are solely the accountability of 
the transmitter (e.g. coordination of relay protections). 
 

·  To allow sufficient time to assess the impact on system reliability, the transmitter must submit to the 
IESO any proposed relay protection changes as soon as the protection assessment for the new facility 
is finished but at least six (6) months before any actual changes are to be implemented on the existing 
protection systems. 
 

·  The IESO would deem the modifications acceptable if they do not cause any new and/or reduced 
operating security limits under normal operating conditions. Should the modifications be 
unacceptable, the IESO would require the transmitter and the connection applicant to investigate other 
mitigating measures. 
 

Other Findings and Recommendations 
 
·  The assessment of the control systems shows poorly damped oscillations exhibited by field voltage. 

It is expected that the excitation system of the new generators will be tuned to smooth the field voltage 
response at the time of commissioning. 

 
·  Hydro One should be aware that the short circuit level at Port Arthur TS is at 98.1% of breakers rated 

interrupting capability. 
 

·  Hydro One should be aware that the voltage rise of 12.1% was recorded for the existing system 
configuration following the loss of Long Lac TS load. This exceeds the IESO’s criterion of 10%. 
 

Notification of Conditional Approval  
 
It is recommended that a Notification of Conditional Approval for connection of the proposed generating 
facilities, Long Rapids GS and Twin Falls GS, be issued to Axor, subject to IESO’s Requirements for 
Connection listed above, and any further requirements that may be identified by Hydro One Networks Inc. 
in the Customer Impact Assessment. 
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1. Project Description 
 
 
Axor is proposing to develop two run-of-the river hydroelectric generating facilities, namely Long Rapids 
GS (Lower Namewaminikan river site) and Twin Falls GS (Upper Namewaminikan river site), in the town 
of Beardmore area, in Northwest Ontario. Both facilities will consist of two generators with nominal 
terminal voltage of 4.16 kV. The installed generating capacity at the Lower site will be 6.2 MVA. The 
Upper site will have the installed capacity of 5 MVA totalling the nameplate capacity of both sites to 11.2 
MVA (10 MW). The power output of both facilities will be evacuated via 34.5 kV system and injected into 
the existing Alexander SS radial circuit A4L, approximately 100 m west of the existing Beardmore DS #2. 
The circuit is 152 km long with Beardmore DS #2 located at 65th km west of Alexander SS. 
 
For the purpose of this report, Long Rapids GS and Twin Falls GS are considered the Namewaminikan 
River plants (NRP). 
 
The proposed facility will participate in the Ontario Power Authority’s (OPA) Northern Hydroelectric 
Initiative and if qualifies, will participate in the Ontario Electricity Market. 
 
It is presently estimated that the earliest expected in-service date for the new facilities is Q4 of 2010. 
 
 
 

– End of Section – 
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2. Review of Connection Proposal  
 

 

2.1 Proposed Connection Arrangement 
 

The proposed connection arrangement consists of two sites, Lower site (Long Rapids GS) and Upper site 
(Twin Falls GS), three 34.5 kV lines and 115/34.5 kV substation. Each site will be connected via one 
dedicated 34.5 kV line to the interconnection point. Third interconnection line will be utilized to evacuate 
power from both sites and deliver it to the IESO-controlled grid.  
Long Rapids GS and Twin Falls GS will have the same layout consisting of the following. Two generators 
will be installed at each site and connected to the 34.5/4.16 kV step–up transformer. Dedicated 34.5 kV 
line will than connect the site with the interconnection line. The new substation, Namewaminikan 
substation, will be built In the vicinity of the existing Beardmore DS #2, to connect the 34.5 kV line to the 
A4L Circuit.  
 
Long Rapids site will consist of two identical machines rated at 3.1 MVA while Twin Falls site will utilize two 
2.5 MVA generators. There will be three circuit breakers installed at both plants. Each generator will be 
connected through a dedicated 4.16 kV circuit breaker, while the connection of the transformer to the 34.5 kV 
line will be utilized through 34.5 kV breaker. As per Operating Philosophy provided by the Applicant, all three 
breakers at the both powerhouses will have synchronizing capability. The proposed generators will be a silent 
pole machines with rated speed of 300 rpm (3.1 MVA units) and 277 rpm (2.5 MVA units). 
 
The power output from the two sites will be evacuated via two separate lines. Long Rapids GS line will be 
0.275 km long while Twin Falls GS will be connected to the interconnection point via 7.7 km long line. 
The interconnection line will run for 12.8 km before terminating into 115/34 kV substation via 34.5 kV 
breaker. A 115 kV substation build to facilitate this interconnection will consist of a 115/34.5 kV 
transformer and two circuit breakers located on the each side of the transformer. The high voltage winding 
of the transformer will terminate onto a high voltage circuit breaker before connecting to the A4L line.  
 
The two 34.5/4.16 kV transformers will be Yd1 (HV/LV) configured and rated at 6.5 MVA. The 
impedance of the transformers is estimated to (0.516 + j7) % based on no-cooling rating of 6.5 MVA. The 
transformer will be equipped with 5-step Off-Load Tap Changer (OLTC) (34.5+2x2.5% kV).  
The 115/34.5 kV step-up transformer will have windings configured as Ygd1 (HV/LV) and rated 10/13/16 
MVA. The impedance of the transformers is estimated to (0.58 + j9) % based on no-cooling rating of 10 
MVA. The transformer will be equipped with an Under-Load Tap Changer (ULTC) located on the 115 kV 
winding with +15% voltage band achieved in 21 steps. 
The equipment specifications provided by the Applicant are given in Section 3 of this report. 
 
Alexander SS 115 kV system to which the NRP are proposed to connect is shown in Figure 1. Simplified 
single line diagram showing major equipment arrangement of the proposed facility provided by the 
Applicant is 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 Development Project Single Line Diagram 
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2.2 On-line Monitoring 
 
Chapter 4, Section 7.3 of Market Rules requires that each generator (i) whose generation facility is 
connected to the IESO-controlled grid, or (ii) that is participating in the IESO-administered markets, shall 
provide the IESO with real time data on a continual basis. 
 
Since the proposed facility is smaller than 20 MVA, it is classified as minor generating facility connecting 
to the IESO-controlled grid. The list of the requirements with respect to the telemetry that must be 
provided to the IESO and to the standards that must be achieved on a continual basis by the facility is 
given in Appendix 4.15 and Appendix 4.19 of Market Rules. The Applicant must ensure that all the 
equipment needed to provide the telemetry data and to meet the performance standards will be installed.  
 
Appendix 4.15 of Market Rules specifies the following information, as a minimum, that shall be provided 
on a continual basis to the IESO: 

·  Active power (MW) and reactive power (MW) 
·  Units terminal voltage 
·  Equipment status (AVR and synchronizing breakers status) 

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

2.3 Protection Systems 
 
Protection systems must be designed to meet all the requirements of the Transmission System Code and 
any additional requirements identified by Hydro One. The existing transmission protection settings must 
be revised and coordinated, as required. 
 
The existing protection of A4L circuit would have to be revised to incorporate the long Rapids GS and 
Twin Falls GS.  
 
Faults within the NRP must not trip 115 kV circuit A4L except for the failure of 115 kV connection 
breakers. After the facility begins operation, if the tripping of A4L occurs due to events within the facility, 
the facility may be required to be disconnected until the problem is solved. 
 

2.4 Under Frequency Tripping 
 

Reference #3 of Appendix 4.2 of the Market Rules requires generating facilities to be capable of operating 
continuously at full power for a system frequency range between 59.4 to 60.6 Hz. For under-frequency 
system conditions, generators shall not trip for frequency variations that are above the curve shown in 
Figure 3. 
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Figure 3: Standard for Setting Under-Frequency Trip Protection for New Generators 

 
 
 
 

– End of Section – 
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3. Data Verification 
 

 
Axor has advised that the equipment proposed for the installation have not been selected yet and provided 
typical data for the equipment. The Connection Applicant is advised that should the actual equipment 
parameters significantly differ from those used in this assessment, the results of this SIA would have to be 
revised. 
 
Models & Data 
 

The Connection Applicant must complete the IESO facility registration process in timely manner before 
IESO final approval for connection is granted. Final models and data, including any controls that would be 
operational must be provided to the IESO prior to the first energization. 

 

During commissioning, the Connection Applicant must provide evidence to the IESO confirming that the 
equipment installed meets the Market Rules and matches or exceeds the performance predicted. This 
evidence shall be either type tests done in a controlled environment or commissioning tests done on-site. 
In either case, the testing must be done not only in accordance with widely recognized standards, but also 
to the satisfaction of the IESO. Until this evidence is provided, the Applicant must accept any restrictions 
the IESO may impose upon their participation in IESO-administered market or connection to the IESO-
controlled grid. 

 

3.1 Generator 
 
Each synchronous generator connecting to the IESO-controlled grid must satisfy the Generation Facility 
Requirements stated in Appendix 4.2, References 1 to 16 of Market Rules. 
 
Specifically, Reference 1 and 2 require that a synchronous generator connecting to the IESO-controlled 
grid must have the minimum capability to perform the following: 
 
·  A generator shall be capable to supply at its terminal reactive power within the range 90% lagging 

(overexcited) to 95% leading (underexcited) power factor based on rated active power at rated voltage. 
Rated active power shall be the lesser of registered maximum continuous real power and 90% of the 
unit nameplate MVA. 

·  A generator shall be capable of operating continuously at full active power output within +5% of the 
generator’s rated terminal voltage. 

·  Supply entire range of reactive power at its terminals for at least one constant 115 kV system voltage. 
 

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

Long Rapids (Lower Site) 

MVA Max MW (0.9*MVA) Rated PF kV Zsource (Xd”) 

3.1 2.79 0.9 lag to 0.95 lead 4.16 0.288 

Generators Reactive Capability 

Max Continuous 
Rating (MW) 

QMAX  required @ 
rated MW & 0.9 

lagging PF 

QMIN required @ 
rated MW & 0.95 

leading PF 

Qmax from capability 
curve 

Qmin from capability 
curve 

2.75  1.33 MVAr (42.9%) -0.90 MVAr (29.1%) 1.33 MVAr (42.9%) -1.27 MVAr (41.0%) 

 
Figure 4: Long Rapids Generators Reactive Capability Curve 

 
 
 

Q MAX  = Q max 

Q MIN (required) 

Q min (capability) 
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Table 2: Generators Data and Reactive Capability 

Twin Falls (Upper Site)  

MVA Max MW (0.9*MVA) Rated PF kV Zsource (Xd”) 

2.5 2.25 0.9 lag to 0.95 lead 4.16 0.222 

Generators Reactive Capability 

Max Continuous 
Rating (MW) 

QMAX  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 MVAr (43.6%) -1.03 MVAr (41.0%) 

 
Figure 5: Twin Falls Generators Reactive Capability Curve 

 
 
The data indicate that generators meet the reactive capability requirements. 

Q MAX  = Q max 

Q MIN (required) 

Q min (capability) 
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The generators must operate in the voltage control mode. Operation of the facility in power factor control 
mode or reactive power control mode is not acceptable, without prior approval from the IESO. 
 
The generator shall not trip for recognized contingencies on the IESO-controlled grid that does not 
disconnect the machines by configuration. Also, the connection and disconnection of the generators must 
minimize any adverse impact on the IESO-controlled grid. 
 

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

 
Axor shall ensure that the high voltage connection equipment proposed for the installation at the NRP 
meets the following requirements: 
 
All 115 kV equipment connected to the terminal stations must be capable of continuously operating in the 
range between 113 kV and 132 kV, as per Appendix 4.1 of Market Rules. 
 
Some recognized contingencies (e.g. load shedding, open line end) can cause a temporary voltage increase 
above the maximum continuous limit of 132 kV. For these conditions, connection equipment may be 
exposed to voltages slightly above its maximum continuous rating for the short period of time that it takes 
the IESO to direct operations to restore a normal voltage and to prepare for the next contingency. This 
re-preparation period will be as short as possible, but it will not take longer than 30 minutes. 
 
The equipment must be able to interrupt rated fault current for voltages up to the maximum continuous 
rating. 
 
Transmission equipment must remain in service and not automatically trip, for the voltages up to 5% 
above the maximum continuous rating, in this case 138 kV, for up to 30 min, to allow the system to be re-
dispatched to return voltages within their normal range. 
 
The Transmission System Code requires 115 kV breakers to have the 50 kA rated interrupting capability 
for both three-phase and single line to ground faults. It also requires that the 115 kV circuit breakers have 
a rated interrupting time of five cycles (83 ms) or less and be able to interrupt rated fault current for 
voltages up to the maximum continuous rating. 
 
While the TSC does not specify the fault level interrupting capability requirements for the circuit breakers 
rated below 13.8 kV, it does require these breakers to have a rated interrupting time of eight cycles or less. 
 
Connection equipment must be designed so that the adverse effects of their failure on the IESO-controlled 
grid are mitigated. This includes ensuring that all circuit breakers fail in the open position for the loss of 
the insulation medium. 
 
Connection equipment must be designed so that it will be fully operational in all reasonably foreseeable 
ambient temperature conditions. This includes ensuring that SF6 breakers are equipped with heaters to 
maintain adequate gas pressure. 
 
The transformers, lines and interrupting/isolating equipment specifications provided by the Connection 
Applicant are given in Tables 3 to 6.  
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Table 3: Transformers Data       

MVA kV Winding 
Connection 

Impedance 
(%) MVA base OLTC Taps ULTC Taps 

10/13/16 115/34.5 Yg/d 0.58 + j9 10 - + 15% in 21 steps 

6.5 34.5/4.16 Yg/d 0.516 + j7 6.5 + 5% in 5 steps - 

 
Table 4: Lines Data 

Length (km) R (Ohms) X (Ohms) B (� S) 
Conductor Size 

(kcmil) 
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 

Designation 52L-NA1 52L-NA2 52L-US 
52L-LS 

52G-US1, 52G-US2, 
52G-LS1, 52G-LS2 

Max continuous rated line-to-line voltage  145 kV 38 kV 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 A 

Rated symmetrical short circuit capability  40 kA 25 kA 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 

Designation 89-NA1 89-LS, 89-JP, 89-US 
89-NA2, 89-NA3 

Max continuous rated line-to-line voltage  145 kV 38 kV 

Rated continuous current 1200 A 630 A 

 

3.3 Dynamic Models 
 
The performance of the equipment proposed for the installation and their transient behavior was evaluated 
using the typical data provided by Axor. The dynamic models of the generator and excitation systems are 
given in subsequent sections. 
 
1) GENERATOR 
 
The proposed generators are modeled with the Silent Pole 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 T'D0  (>0) (sec) 

J+1 0.040 0.043 T''D0 (>0) (sec) 

J+2 0.046 0.055 T''Q0 (>0) (sec) 

J+3 0.910 0.940 Inertia, H 

J+4 0.099 0.066 Speed damping, D 

J+5 1.325 1.068 XD   

J+6 0.822 0.676 XQ   

J+7 0.440 0.349 X'D   

J+8 0.288 0.222 X''D=X"Q 

J+9 0.198 0.134 XL 

J+10 0.154 0.172 S(1.0) 

J+11 0.439 0.495 S(1.2) 

 
2) AUTOMATIC EXCITATION SYSTEMS 
 

The Reference 13 of Appendix 4.3 of the Market Rules that each synchronous generating unit to be 
equipped with continuously acting automatic voltage regulator (AVR) that can maintain terminal voltage 
under steady state condition within +5% of any set point within +5%  of rated voltage. Each AVR or VRS 
shall regulate voltage except where permitted by the IESO.  

 
The proposed new excitation systems, ESAC8B, represent the Basler digital excitation control system 
voltage regulator as applied to brushless exciter. The data and block diagram for the excitation systems are 
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 TR (sec) 

J+1 170 170 KP 

J+2 130 130 KI 

J+3 60 60 KD 

J+4 0.03 0.03 TD (sec) 

J+5 1 1 KA 

J+6 0 0 TA 
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J+7 10 10 VRMAX or zero 

J+8 0 0 VRMIN 

J+9 1 1 TE > 0 (sec) 

J+10 1 1 KE or zero 

J+11 3.38 3.38 E1 

J+12 1.36 1.36 S(E1) 

J+13 4.5 4.5 E2 

J+14 1.5 1.5 S(E2) 

 
Figure 6: Excitation Systems Block Diagram 

 
 
3) POWER SYSTEM STABILIZER 

 
Since the size of the generators proposed for installation is less than 10 MVA and the proposed excitation 
systems are not the fast systems, the power system stabilizer is not required as per Reference 15 of 
Appendix 4.2 of Market Rules. 
 
4) SPEED GOVERNOR 
 
Since the size of the generators proposed for installation is less than 10 MVA, the speed governors are not 
required to meet performance standards specified in Reference 16 of Appendix 4.2 of Market Rules. 
 
 
 

– End of Section – 
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4. Reactive Power Capability Assessment 

 
For a single generator connected to a generator step-up transformer which is in turn connected to the 
IESO-controlled grid, the aforementioned requirements would effectively limit the impedance between the 
generator terminals and HV side of the transformer to a maximum of 13 % based on the MVA rating of 
the generation facility. However, if generator is capable of supplying the full reactive power range at its 
terminals for at least one constant system voltage while operating at a terminal voltage outside the range 
between 0.95 p.u. and 1.05 p.u., the effective maximum impedance allowed between the generator 
terminals and the HV side of the generator step-up transformer could be higher than 13%.  
 
Assuming the facility has a capability to operate within 0.95 p.u. to 1.05 p.u. of the generator rated 
terminal voltage, the following maximum reactive power requirements, as measured at the connection 
point, must be supplied based on a maximum effective facility impedance of 0.13 p.u.: 
 

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

 
·  At all levels of active power output, the minimum reactive power required to be absorbed by the 

facility at the point of connection is -0.33 p.u. of rated apparent power (-0.29 p.u. of rated apparent 
power). 

 
The impedance calculation of the connection arrangement proposed to be used to connect Long Rapids GS 
and Twin Falls GS to the IESO-controlled grid is given in Table 9. 
 
Table 9: Namewaminikan River Connection Impedance Calculation 

  
R (Ohms) X (Ohms) R (p.u.) X (p.u.) MVABASE 

34.5 kV Lines 

Lower 0.034 0.108 0.0003 0.0010 11.2 

Upper 0.946 3.034 0.0089 0.0285 11.2 

Interconnection 1.573 5.043 0.0148 0.0475 11.2 

Transformers 

34.5/4.16 kV 

 

0.0052 0.0700 6.5 

0.0089 0.1206 11.2 

115/34.5 kV 
0.0058 0.0900 10 

0.0065 0.1008 11.2 

Market Rules references 1 and 2 of Chapter 4, Appendix 4.2 require that synchronous generator unit 
connecting to IESO-controlled grid must have the minimum capability to perform the followings: 
 
·  Supply reactive power continuously within the range of 0.9 lagging to 0.95 leading power factor based 

on rated active power output at rated voltage. Rated active power shall be the lesser of registered 
maximum continuous real power and 90% of the unit nameplate MVA. 

 
·  Supply full active power continuously while operating at a generator terminal voltage ranging from 

0.95 p.u. to 1.05 p.u. of the generator rated terminal voltage. 
 
·  Supply entire range of reactive power at its terminals for at least one constant 115 kV system voltage. 
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LONG RAPIDS GS 
(Lower line + 34.5/4.16 kV transformer) 

0.0092 0.1216 

11.2 

Z1 0.1220 

TWIN FALLS GS 
(Upper line + 34.5/4.16 kV transformer) 

0.0178 0.1492 

Z2 0.1502 

INTERCONNECTION  
(Interconnection line + 115/34.5 kV transformer) 

0.0213 0.1483 

Z3 0.1498 

TOTAL IMPEDANCE Z = (Z1 || Z2) + Z3 
 

0.2171 

 
The impedance between the NRP terminals and point of connection to the IESO-controlled grid calculated 
on total MVA rating of the generation facilities of 11.2 MVA is 21.7%. Hence, the impedance exceeds 
benchmark of 13% required to ensure compliance with the Market Rules. This would mean that more of 
the reactive power output of the generators would be absorbed by transformers and lines, leaving a lesser 
amount available for the system voltage support.  
 
The reactive power requirements at generators’ terminals and 115 kV connection point are shown in Table 
10. 
 
Table 10: Reactive Power Requirements 

Total nameplate rating of generating facilities 11.2 MVA 

Total maximum continuous rating of generating facilities 10 MW 

Reactive power capability of the NRP based on 0.9 lagging power factor  4.8 MVAr 

Reactive power capability of the NRP based on 0.95 leading power factor  -3.3 MVAr 

Reactive power capability required at 115 kV side (+0.35 p.u. of rated active power) 3.5 MVAr 

Reactive power capability required at 115 kV side (-0.33 p.u. of rated active power) -3.3 MVAr 

 
The minimum reactive power required to be injected and absorbed by the facility at the 115 kV point of 
connection is 3.5 MVAr and -3.3 MVAr respectively, for a total reactive power range of 6.8 MVAr. 
 
Generally, a generator capability to inject/absorb reactive power is affected by the step-up transformer 
impedance, transformation ratio, taps setting and system voltages. 
The effect of step-up transformer impedance and system voltages on the generator reactive capability is 
illustrated in Figure 7. 
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Figure 7: Q-V Diagram-Effect of System Voltage and Step-up Transformer Impedance 

 
 

It can be seen that the impedance determines the slope of the generator reactive power output- terminal 
voltage (Q-V) line, while the system voltages (U1, U2, U3) determine the line position in the vertical 
direction. Lower the impedance, the more horizontal line becomes providing more flexibility. The 13% 
impedance, calculated on the generating facility rated MVA, is the maximum impedance for which 
generator will be capable of providing its entire range of reactive power for at least one constant voltage at 
a connection facility 115 kV terminal. For the impedances greater than 13 % the slope of the line will 
increase thereby becoming more restrictive in MVAr production or MVAr absorption, i.e. generator 
operating voltage limits would restrict generators capability to supply the rated reactive power. 
 
To illustrate the effect of the high impedance on the reactive power delivery, a simplified system 
consisting of one generator connected to the infinite bus via one step-up transformer was studied. The Q-V 
lines generated for 13% impedance and the NRP connection impedance of 22% are shown in Figure 8. 
The numerical values are tabulated in Table 11. 
 
Figure 8: Q-V Diagrams For Simplified System 
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Table 11: Simplified System Numerical Analysis Results 

VT (p.u.) 
QG QPCC QLOSS 

Z=13% Z=22% �  QG Z=13% Z=22% �  QPCC Z=13% Z=22% �  QLOSS 

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-V line fairly steep resulting in the reactive power 
capability of the generators not to be fully utilized, i.e. the generators would hit voltage limits before 
reaching their reactive power limits. It could be observed from the results that the high impedance will not 
only increase the losses to about 0.8 MVAr but will also restrict generator capability in injecting VARs to 
about 1.1 MVAr. This would result in 1.9 MVAr lesser than required reactive power being delivered to the 
system. Also, generator capability to absorb reactive power would be affected. About 3.7 MVAr as 
comparing to the 4.7 MVAr would be absorbed by the facility. 
In conclusion, the analysis indicated that the high impedance will limit the delivery of required reactive 
power to the system at point of connection by increasing the reactive power losses and by limiting 
generators reactive power capability. 
 
The above analysis assumed a simplified system with one generator connected to an infinite bus via one 
step-up transformer. In this simplified system, generator terminal voltage changes did not affect the 
infinite bus voltage which remained constant. In reality, changes to the generator terminal voltage will 
affect the system voltage. For the NRP project, studies were carried out to determine an effect the 
transformation ratio/tap setting would have on generators reactive capability. Furthermore, the effect of 
reactive power compensation at various locations was studied. 
 
The results summarized below were derived on the assumption that the nominal transformation ratios of 
the transformers were varied according the equipment specifications detailed in section 3 of this report. 
The tap settings of the 34.5/4.16 kV step-up transformers are marked as Tap1 and Tap2 while Tap3 
corresponds to 115/34.5 kV transformer tap setting. It was also assumed that the 34.5 kV system normal 
operating voltage range is +6% of its nominal voltage as per as per CSA 235 standards. 
 
Figure 9: Q-V Diagrams for the NRP 
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Figure 10: Q-V Diagrams for the NRP and Point of Connection 

 
 
The study results, illustrated in Figures 9 and 10 and summarized in Table 24 of Appendix A, indicate the 
following: 
 

·  Increasing the transformation ratio of 115/34.5 kV and 34.5/4.16 transformers (decreasing voltage 
on the LV side of the step-up transformers) moves the Q-V line down in left to right position thus 
allowing generators to produce more reactive power. Proper selection of the taps would allow 
generators to operate close to 0.9 lagging power factor. With the taps set to Tap1=Tap2=1.025 and 
Tap3=1.0764, the total reactive power output of the all four machines was 4.6 MVAr (4.8 MVAr 
required). Increasing the transformation ratios of the transformers moves the generators away 
from the absorbing mode of operation. For the above specified tap positions and generators 
terminal voltage of 0.95, the generators will only absorb insignificant amount of 0.2 MVAr. 
 

·  In Figure 10, with taps as above, about 2.6 MVAr (3.5 MVAr required) of the reactive power 
would be delivered to the grid. Therefore, a reactive power delivery shortage of about 0.9 MVAr 
was recorded as a result of the high impedance. The NRP at the point of connection would absorb 
2.2 MVAr (3.3 MVAr required). Almost the entire amount, i.e. 2 MVAr would be absorbed by the 
collector system. The required reactive power range for the 10 MW facility is 6.8 MVAr at the 
point of connection, that is the sum of the reactive power produced by the facility when operating 
in lagging power factor mode (3.5 MVAr) plus reactive power absorbed by the facility when 
operating in leading power factor mode (-3.3 MVAr). At best, the actual NRP’s reactive power 
range is about 4.8 MVAr. The facility would be deficient in supplying 0.9 MVAr and in absorbing 
1.1 MVAr of reactive power (2 MVAr total). 
 

·  In Figure 10, with taps set to Tap1=Tap2=1.025 and Tap3=1.0472, the development would be able 
to meet the absorbing reactive power requirement of -3.3 MVAr. This would mean that for the one 
constant system voltage and by varying the 115/34.5 kV transformer ULTC, the NRP would be 
capable of providing reactive power range of 5.9 MVAr at the point of connection. Thus, the 
facility would still be deficient in supplying 0.9 MVAr to the IESO-controlled grid. 
 

·  To compensate for reactive power deficiency of 0.9 MVAr, 2 MVAr shunt capacitor would have 
to be installed at 34.5 kV side. The reactive power injected into the system would increase 34.5 
kV system voltages resulting in the Q-V line being moved in vertical direction down away from 
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the center. This would cause generators to move toward absorbing mode of operation producing 
less MVAr. Also, if the location of the capacitor is closer to the machines, more of its reactive 
power would be absorbed by generators shifting them further toward absorbing mode of operation.  
 

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

Increasing the transformation ratios on 34.5/4.16 kV and 115/34.5 kV transformers would affect the 
34.5 kV operating voltages within the facility. While the increase in 115/34.5 kV transformer ratio 
would decrease 34.5 kV voltages, 34.5/4.16 kV transformers ratio change in the same direction would 
result in higher 34.5 kV voltages. As a result, the 34.5 kV voltages might exceed the normal operating 
range of +6%. Hence, a consideration should be given to the overvolage problem when selecting the 
tap positions. The effect of transformer ratio change on 34.5 kV voltages is illustrated in Figure 11 
below. 

 
Figure 11: 34.5 kV System Voltage Change 

  
 

4.1 Conclusions 
 

To be able to supply its entire range of reactive power for at least one constant voltage at the point of 
connection, the impedance of the NRP must be limited to 13% calculated on the generating facility rated 
MVA. Since connection impedance exceeds the 13% benchmark, the facility will be deficient in meeting 
the reactive power requirements at the point of connection to the IESO-controlled grid.  
 
The Applicant shall consider one of the following options to secure a conditional approval for the 
connection of the proposed facility: 
 
A. Seek an exemption of the Market Rule requirement for reactive power capability - 

http://www.ieso.ca/imoweb/exemptions/exemptions.asp 
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B. Reduce the total impedance between generators and the IESO-controlled grid, to allow the 
development to inject/absorb the required reactive power range by varying the ULTC of the 115/34.5 
kV step-up transformer.  
 

C. Reduce the total impedance between the generators and IESO-controlled grid by connecting to the 
IESO-controlled grid via 115 kV connection arrangement. This would eliminate the 115/34.5 kV step-
up transformer and with proper selection of the transformers and conductor significantly reduce the 
connection impedance. Also, the following advantages of 115 kV over the proposed 34.5 kV connection 
arrangement were identified: 
 
·  Decreased active power losses (defined metering point is at the 115 kV side of the step-up 

transformer)  
·  By decreasing the number of pieces of equipment in series connection, the probability of failure 

would decrease resulting in increased reliability of the 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 unity power factor under normal operating conditions 

 
D. Install an additional dynamic reactive device to provide required reactive power capability at the 

connection point. If this option is to be selected, size and location of a device would be determined 
taking into consideration two possible issues: 34.5 kV system overvoltages and an effect of transient 
voltage changes due to device switching on the generators. 
 

In considering options B, C and D, the IESO prefers option C. Should any of these options (B, C or D) be 
selected, the IESO will need to re-assess revised connection arrangement and transient performance of the 
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 generator would increase the short circuit levels in the area of 
connection. A contribution of the proposed generating plants to the short circuit levels in the area was 
assessed in the short circuit study done by Hydro One. The IESO performed an evaluation of the existing 
breakers adequacy to interrupt expected fault levels. 
 
Short circuit study assumed the following committed facilities to be in service: Umbata GS, Wawatay G4, 
Lac Suel GS, Algoma Steel GS, Lakehead TS SVC, Mississagi TS SVC, series capacitors at Nobel SS, 
Porcupine TS & Kirkland Lake TS SVC, and Mattagami expansion. The short circuit levels were 
calculated based on the maximum system voltages of 250 kV and 127 kV. 
 
The study results summarized in Table 12 and 13 concluded that the presence of the Long Rapids GS and 
Twin Falls GS will marginally increase the fault levels at Alexander SS and Lakehead TS (0.1 kA). Also, 
the existing breakers at Alexander SS are sufficiently rated to interrupt expected fault levels. 
 
Table 12: Short Circuit Study Results 

Existing System Fault Levels 

Monitored Busses 
Base 
Volt. 
(kV) 

Fault Level (kA) 
Breaker Rating 

% of Breaker Rating 

Symmetrical Asymmetrical Symmetrical  Asymmetrical 

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 25.4 25.0 24.5 24.1 

LAKEHEAD TS 118 18.6 20.6 20.1 22.5 29.5 34.1 63.1 69.7 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 15.0 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 15.9     98.0 91.4 

BIRCH TS 118 18.8 17.9 23.0 18.9 39.3 45.5 47.8 45.4 50.4 41.6 

Long Rapids GS & Twin Falls GS In-Service 

Monitored Busses 
Base 
Volt. 
(kV) 

Fault Level (kA) 
Breaker Rating 

% of Breaker Rating 

Symmetrical Asymmetrical Symmetrical  Asymmetrical 

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 34.1 25.4 25.1 24.9 24.3 

LAKEHEAD TS 118 18.7 20.6 20.2 22.6 29.5 34.1 63.4 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 13.5 15.1 14.3 14.2 15.9 100.0 95.1 95.0 89.9 

PORT ARTHUR#1 H  118 14.5 13.5 15.6 14.6 14.2 15.9 102.1 95.1 98.1 91.8 

BIRCH TS 118 18.8 17.9 23.0 18.9 39.3 45.5 47.8 45.5 50.5 41.5 

*Breakers info not available 
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Table 13: Short Circuit Level Increase 
Table 9: Increase in Fault Levels 

Monitored Busses Bus 
kV 

kA Change % Change 

Symmetrical Asymmetrical Symmetrical 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 0.4 0.2 

LAKEHEAD TS 118 0.1 0.1 0.1 0.1 0.3 0.2 0.4 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 0.0     0.4 0.1 

PORT ARTHUR#1 H  118 0.0 0.0 0.0 0.1     0.1 0.4 

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 generator will have on the other transmission customers in the 
area including the assessment of the fault interrupting capability of the existing low voltage breakers will 
be done in the Connection Impact Assessment (CIA) conducted by Hydro One. Any additional 
requirements resulting from the CIA will be included in the final SIA report or in an Addendum to the 
Final SIA report. 

 

 

– End of Section – 
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6. System Impact Studies 
 

  
The system impact studies include the assessments of the thermal capability and voltage performance of 
the part of Northwest transmission system encompassed by Marathon TS in the east and Port Arthur TS 
and Lakehead TS in the west following the incorporation of the NRP. Also, performance of the proposed 
control systems and their transient performance were evaluated.  
 

6.1 Existing Transmission 
 
Long Rapids GS and Twin Falls GS are proposed to connect to the existing Hydro One 115 kV radial 
circuit A4L that emanates from Alexander SS. This 152 km long circuit is a part of Lakehead 115 kV local 
area defined as the portion of the Northwest 115 kV system bounded by Lakehead 230/115 kV 
autotransformers T7 and T8, B6M at Moose Lake TS and A5A at Aguasabon GS. A4L circuit supplies 
power to three load stations namely Beardmore DS #2, Jellicoe DS #3 and Long Lac TS. Also, there is one 
generating station, TCPL Nipigon GS, connected to this circuit. TCPL Nipigon GS consist of two 
generators with total power output of about 38 MW. Alexander SS is interconnected with Marathon TS in 
the east (via A5A, A1B and T1M circuits) and Port Arthur TS (A6P) and Lakehead TS (A7L/A8L) in the 
west. Alexander SS is also a hub station for transferring the power generated at Nipigon River plants: Pine 
Portage GS (R9A), Cameron Falls GS and Alexander GS (C1A/C2A/C3A-three ended circuits).  
 

6.2 Area Loads and Load Growth 
 
The IESO’s load forecast with the consent of Hydro One was used in this assessment. It is anticipated that 
the area loads will remain relatively flat over the next five year period (2008-2013). The Northwest zone 
is considered to be winter peaking zone. 
The forecasted coincident peak load levels as well as the light load levels coinciding with 50% of the peak 
loads are presented in Table 14.  
 
Table 14: Area Loads 

Circuit Station 
Coincident Peak Load (MW) Light Load (50%) (MW) 

MW MVAr MW MVAr 

A4L 

Long Lac TS 25.0 12.1 12.5 6.1 

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 

A5A 
Schreiber Winnipeg DS #2 4.5 2.2 2.2 1.1 

Inmet Winston Lake CTS 0.1 0.05 0.1 0.05 

A1B Terrace Bay Pulp CTS 6.3 3.1 6.3 3.1 

T1M 
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 16.8 8.1 

A6P/ 
A7L 

Red Rock DS 7.0 3.4 3.5 1.7 

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 5.5 3.7 

 
Power factor of 0.9 was assumed for the loads. Two embedded generators at Terrace Bay Pulp CTS 
supply most of the station load. Based on the IESO’s historical record data and information provided by 
the station owner, it was assumed that the power intake from the grid would remain constant. The Red 
Rock DS, Nipigon DS and Norampac Inc. Red Rock Mill loads can be fed from either A6P or A7L 
circuits. There are no real time monitoring/historic data available for the A4L circuit loads. 
 

6.3 Study Assumptions 
 
The IESO’s winter07-08 base case was used in this study with the following assumptions integrated into 
it. 
 
System Conditions 
·  All transmission system elements in service 
·  Stations in the area were set to operate at 0.9 load power factors measured at the HV side of the 

transformers 
·  Loads were represented by voltage dependant model with P being modeled as 50% constant current 

and 50% constant impedance (P �  V1.5) and Q being modeled as 100% constant impedance (Q �  V2) 
·  The load in NW was scaled to the extreme weather coincident peak load of 922 MW  

(Forecasted normal weather coincident peak is 887 MW) 
·  The Ontario-Manitoba and Ontario-Minnesota phase shifters were operated as per Northwest SCO: 

On manual (blocked), if the change in the interface flows is equal or less than 26 MW and 10 MW 
respectively. For the changes greater than described above, the phase shifters at Whiteshell (Manitoba) are 
controlling the flow within the +26 MW of scheduled interchange flow or until 4 operations have been 
called for. At International Falls, phase shifters move until the error is less than 10 MW. 

·  Alexander SS pre-contingency voltage was maintained within the normal operating range of 123 kV to 126 
kV 

·  The NRP were assumed to operate at maximum rated power output of 10 MW 
·  All area generation was assumed in-service with dispatch 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 GS 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 updated as per the information provided by OPG and 

used in Cameron Falls SIA, CAA ID 2007-EX316 
·  Aguasabon GS governor and exciter model parameters were updated as per information provided by 

OPG 
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·  Umbata GS control systems parameters were updated as per model validation report completed by 
Kestrel (December 2007) 

 
TCPL Nipigon power output was assumed to be 36 MW based on the IESO’s historical records. 
The active power output and generation duration curve for the period of September 1, 2007 to September 
1, 2008 are shown in Figure 12. The generation duration curve, derived from power output data, indicates 
that the output of the TCPL Nipigon GS was at least 35 MW for 60% of the time.  
 
Figure 12: TCPL Nipigon MW Output and Duration Curve 

 
 
Study Scenarios 
Two power transfer scenarios were studied: Transfer East and Transfer West. The power transfers across 
the relevant interfaces with total load and generation in NW are described in Table 16.  
 
Table 16: System Conditions 

  EWTE TEM TEK OMTE MPFN NW Load NW Generation 

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 sufficiency of the local area transmission’s thermal capacity 
to accommodate power output of the NRP.  
 
The Ontario Resource and Transmission Assessment Criteria requires that all line and equipment loads be 
within their continuous ratings with all elements in service, and within their long-term emergency ratings 
with any element out of service. Lines and equipment may be loaded up to their short-term emergency 
ratings immediately following the contingencies to effect re-dispatch, perform switching, or implement 
control actions to reduce the loading to the long-term emergency ratings. 
Hydro One provided continuous and 15-min thermal ratings for the summer and winter weather 
conditions.  15-min Limited Time Ratings (LTR) were calculated based on 100% pre-flows, 4 km/h wind 
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and 30
C�for summer ratings and 80% pre-flows, 4 km/h wind and 10
C for winter ratings. The 
aforementioned pre-flows were due to the fact that pre-contingency loading observed on some of the 
circuits were exceeding 80% and 75% of their summer and winter ratings respectively. Also, it should be 
noted that the continuous and 15-min LTR summer ratings are the same since 15-min LTR ratings were 
calculated based on 100% pre-load. The ratings are summarized in Table 17. 
 
The MVA and MW continuous and 15-min ratings also given in Table 17 were calculated based on 0.9 
power factor and minimum allowable 115 kV system voltage of 113 kV, as specified in the IESO’s 
Ontario Resource and Transmission Assessment Criteria. 
 
Table 17: 115 kV Circuits’ Summer Ratings 

SUMMER RATINGS 

Cct From To L 
(km) 

Max 
Temp 

Rating 
Temp 

Cont 
AMPS 

15min 
AMPS 

Cont    
MVA 

15-M 
MVA 

Cont     
MW 

15-M 
MW 

A4L 

Alexander SS EPCOR Nipigon JCT 35.0 77 77 310 310 61 61 55 55 

EPCOR Nipigon JCT Beardmore JCT 30.0 60 61 230 240 45 47 41 42 

Beardmore JCT Jellicoe DS #3 JCT 36.3 60 61 230 240 45 47 41 42 

Jellicoe DS #3 JCT Roxmark JCT 42.1 60 61 230 240 45 47 41 42 

Roxmark JCT Longlac TS 9.0 60 61 230 240 45 47 41 42 

A1B 
Aguasabon SS Terrace Bay Pulp JCT 4.5 84 84 570 570 112 112 100 100 

Terrace Bay Pulp JCT Terrace Bay SS 0.0 150 127 790 790 155 155 139 139 

T1M 

Terrace Bay SS Angler Switch JCT 52.7 70 70 460 460 90 90 81 81 

Angler Switch JCT Pic JCT 2.9 70 70 460 460 90 90 81 81 

Pic JCT Marathon TS 3.3 150 127 790 790 155 155 139 139 

A5A 

Alexander SS Minnova JCT 83.0 66 66 430 430 84 84 76 76 

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 

A6P 
Alexander SS Reserve JCT 15.8 69 69 490 490 96 96 86 86 

Reserve JCT Port Arthur TS #1 91.0 66 66 260 260 51 51 46 46 

A7L 
Alexander SS Reserve JCT 15.9 61 61 310 310 61 61 55 55 

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 circuit, the worst case scenario in terms of the circuit’s loading 
would be no-load condition with TCPL Nipigon GS and the NRP generating at their maximum rated 
output. For these conditions, about 59.2 MVA of power would be injected into A4L circuit. The 
comparison of the circuit’s thermal capacity against the anticipated flows under no-load condition is given 
in Table 18. TCPL Nipigon G1 and G2 nameplate ratings were 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 A4L Circuit for No-load Condition 

Circuit 
Circuit’s  Section Circuit Rating Max Generation 

From To Cont MVA Cont MW MVA MW 

A4L 
 

Alexander SS EPCOR Nipigon JCT 60.7 54.6 55.2 50 

EPCOR Nipigon JCT Beardmore JCT 45.0 40.5 11.2 10 

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. to Alexander SS would carry the total generation power 
output of 55.2 MVA and thus would be loaded below its continuous rating of 60.7 MVA. The adjacent 
section of A4L circuit, that is EPCOR Nipigon Jct. to Namewaminikan Jct., would carry only the power 
output of Long Rapids GS and Twin Falls GS. Therefore, it can be concluded that A4L circuit thermal 
capacity would be sufficient to accommodate incorporation of the NRP. 
 
The generation duration curve shows the percentage of the time at which the generation was greater than a 
certain amount. Since the power output of the TCPL Nipigon GS was at least 35 MW for 60 % of the time 
and the total coincident peak load supplied by A4L circuit is approximately 27 MW, about 7 MW of 
power would be injected into Alexander SS for most of the time. Following the incorporation of the NRP 
additional 10 MW of power would appear on A4L circuit totaling the amount of power being injected into 
Alexander SS to about 17 MW. For the light load conditions, about 30 MW of power would be evacuated 
via A4L circuit. 
 
The thermal loading capability of Lakehead and Marathon 115 kV local areas was previously studied in 
two separate assessments, Terrace Bay Pulp STG2 (CAA ID 2007-284), and Lower White River GS and 
Upper White River GS (CAA ID 2006-216). Both studies have identified the following two scenarios as 
being the most impactive in terms of transmission elements thermal loading: 
 
Table 19: Thermal Loading Critical Scenarios 

Scenario Critical Transmission Element(s) 

Transfer East + Coincident Peak Load (CPL) A5A, A1B, T1M circuits 

Transfer West + Light Load (50% of CPL) A6P, A7L, A8L circuits 

 
The thermal congestion of the Lakehead 115 kV (A6P, A7L and A8L) and Marathon 115 kV (T1M, A1B 
and A5A) local area circuits has been identified in aforementioned assessment as being inherent to the 
existing 115 kV area configuration. During the summer, T1M, A1B and A5A circuits might become 
overloaded for the Flow East condition, while the overloading 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 when all local generation is dispatched at capacity, congestion 
will be present on the Alexander SS to Marathon TS 115 kV line (A5A, A1B and T1M circuits) during the 
summer. Study results show that T1M section from Terrace Bay SS to Pic Jct. would experience the 
heaviest loading of all the 115 kV circuits between Marathon TS to Alexander SS. For these conditions, 
the loss of M23L circuit and T11 at Marathon TS, which was identified as the most critical contingency 
thermally, will result in post-contingency overloading of T1M, A1B and A5A circuits to 130.4%, 108.6%, 
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and 110.6% of their design continuous ratings respectively. To respect the circuit thermal ratings, 
generation north and west of Alexander SS would have to be constrained off. Following the incorporation 
of the NRP a marginal change in active and reactive power flows over the line was observed resulting in 
the insignificant change in pre and post-contingency power transfers. There are no loading concerns 
identified for winter conditions. 
The study results are summarized in Table 25 of Appendix B. 
 

Transfer West, Light Load (50% of Coincident Peak Load) 
For high TW flow and light load conditions when all local generation is dispatched at capacity, the 
congestion will be present on the circuits emanating from Alexander SS toward west (A6P, A7L and 
A8L). Single contingency involving A8L circuit was found to be thermally most impactive since this 
circuit carries the most power and is the highest rated of all three circuits. The lowest rated of all three 
circuits, A6P circuit, would become congested pre-contingency under the existing system configuration. 
The circuit would be loaded to 104% of its design continuous rating. An occurrence of A8L single 
contingency would load A6P and A7L circuits to 134.1% and 124.3% of their design continuous ratings 
respectively. The addition of the NRP would immaterially augment pre-contingency flows over the 
circuits for approximately 2 MW resulting in about 2% to 3% increase in pre-contingency and post-
contingency loadings of the circuits. However, this marginal increase caused A6P circuit post-
contingency loading to exceed its 15-min limited time rating (LTR) under winter conditions. To respect 
circuits’ thermal ratings, generation north and east of Alexander SS would have to be constrained off. 
The study results are presented in Table 26 of Appendix B. 

 
For transfer eastbound conditions the loading of Alexander SS to Port Arthur TS circuit A6P and 
Alexander SS to Lakehead TS A7L and A8L circuits is well below their thermal capacity. The study 
results were hence omitted in the related tables. For the same reason, the thermal study results for 
Alexander SS to Marathon TS line (A5A, A1B and T1M) are omitted in the tables summarizing the 
findings for transfer westbound condition. 
 

6.5 System Voltage Assessment 
 
The assessment of the voltage performance was done in accordance with the IESO’s Ontario Resource 
and Transmission Assessment Criteria. The criteria states that with all facilities in service pre-
contingency, 115 kV and 230 kV system voltage declines following a contingency shall be limited to 10% 
both before and after transformer tap changer action. The post-contingency voltage declines at the 
transformer station LV buses are to be limited to 10% before tap changer action and 5% after tap changer 
action. 
 
The addition of dynamic reactive power source such as a generator has a positive effect on voltage 
performance in the area. It is expected that the maximum voltage declines would occur in response to the 
loss of the 115/34.5 kV step-up transformer with the plants operating at 0.9 lagging power factor and with 
TCPL Nipigon GS out-of-service. Under these conditions, there would be no generating units available to 
support A4L circuit post-contingency voltages. The maximum voltage increase is anticipated to occur 
following the loss of the Long Lac TS load. For this scenario, it was assumed that the NRP was operating 
in lagging power factor mode, with about 0 MVAr being supplied to the system. 
 
The study was done for peak load conditions and with the loads represented with voltage dependant model 
(P �  V1.5, and Q �  V2) in both immediate pre-contingency state and in post-contingency state.  
The study results summarized in Table 27 of Appendix C indicate that the loss of the NRP resulted in 
insignificant voltage declines of less than 3%. It should be noted that the step-down transformers at 
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Beardmore DS #2 and Jellicoe DS #3 are equipped with Off-Load-Tap-Changers (OLTC) only. Therefore, 
the recorded pre-ULTC and post-ULTC values at these two stations are the same. 
The loss of Long Lac TS load caused A4L circuit to change from the heavy loaded circuit (27 MW) that 
requires reactive support to change to a lightly loaded circuit (2 MW).  The 115 kV voltage at Long Lac 
TS HV side increased for 12.1% of its pre-contingency value to about 129 kV.  This exceeded the IESO’s 
criterion of 10%. Also, an increase of 7.7% was recorded at Jellicoe DS #3 low voltage bus. It should be 
noted that the excessive voltage rise is an existing problem 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 Falls GS will be equipped with ESAC8B exciter. This exciter 
represents the Basler digital excitation control system voltage regulator as applied to brushless exciter. The 
automatic voltage regulator (AVR) consists of a PID controller implemented in a microprocessor. 

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

·  An excitation system nominal response of at least 0.50 and  

·  A positive ceiling voltage at least 150% of the rated field voltage 

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

·  A voltage response time not longer than 50 ms for a voltage reference step change not to exceed 5%; 

·  A positive ceiling voltage at least 200% of the rated field voltage, and 

·  A negative ceiling voltage of at least 140% of the rated field voltage. 

To evaluate excitation system performance, the Response Ratio Test and Open Circuit Step Response Test 
tests were performed. 
 
1) EXCITATION SYSTEM RESPONSE RATIO TEST 
 
This test automatically raises the reference setting of the voltage regulator by a large amount at time 
equals zero, with generator initialized to its rated output at rated power factor. This will drive excitation 
system being tested to its ceiling as rapidly as possible, allowing to measure the exciter positive ceiling 
voltage. This test demonstrates the behavior of the exciter during large signal disturbances while the 
generator is at full load.  
 
Figures 14 and 15 of Appendix D illustrate Long Rapids and Twin Falls excitation systems responses 
respectively. The numerical test results summarized in Table 20 indicate that field voltage of excitation 
systems proposed for installation meet the lesser positive ceiling voltage requirement of 150%. 
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Table 20: Response Ratio Test Results 

 EFD RATED (p.u.) EFD CEILING (p.u.) EFD CEILING (%) 

Long Rapids 2.57 4.09 158 

Twin Falls 2.26 4.09 180 

 
The nominal response ration was calculated to ensure excitation systems full compliance with the lesser 
requirements. The nominal response ratio is defined as the rate of increase of the excitation system output 
voltage divided by rated field voltage. 
 
As shown in Figures 16 and 17 of Appendix D, the nominal response of the excitation systems that were 
proposed to install on Long Rapids GS and Twin Falls GS units would be approximately 1.08 and 1.47 
respectively. The proposed systems thus meet the nominal response ration requirement of 0.50. 
 
2) EXCITATION SYSTEM OPEN CIRCUIT RESPONSE TEST 
 
Step change of 5% is applied to the exciter voltage regulator reference, with the generator terminal voltage 
set to 1 p.u. under open circuit conditions. Then, the resulting response of exciter field voltage and 
generator terminal voltage are observed. This test demonstrates the behavior of the exciter during small 
signal disturbances while the generator is at no load. 
 
The test results illustrated in Figures 18 and 19 of Appendix D show that the Lower site (Long Rapids) 
and Upper site (Twin Falls) excitation systems reached a field voltage of 1.57 p.u. and 1.58 p.u. within 50 
ms respectively. 
 

It could be concluded that proposed excitation systems meet the Market Rules performance requirements. 
 

6.7 Transient Analysis 
 
Transient analysis examined the proposed generators transient behavior under fault conditions. Line-to-
line-to-ground (LLG) faults on high voltage system and three-phase (3PH) faults on low voltage system 
were simulated in the proximity of the Long Rapids GS and Twin Falls GS. The list of the simulated 
contingencies along with the applied fault levels and circuit breakers clearing times is given in Table 21. 
 
Table 21: List of Simulated Contingencies 

ID Contingency Voltage   
(kV) Location 

Fault 
Levels 
(MVA) 

Fault Clearing 
Times (ms) 

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 – j8414 116 149 

SC4 LLG fault on A5A 115 Alexander 555 - j3647 116 116 

SC5 LLG Fault on M23L (M23+T11) 230 Marathon 431 - j3359 116 116 

SC6 LLG Fault on M23L (M23+T11) 230 Lakehead 513 – j5546 83 149 

SC7 3PH Fault on LV Bus 13.8 TCPL Nipigon  -2E-09 83 - 
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The faults were simulated for the foremost stressed system conditions, i.e. eastbound power transfers and 
westbound power transfers. Furthermore, sensitivity studies run for the coincident peak and light load 
conditions indicated that transient responses of the system generation under different loading conditions 
were alike during TE. For TW conditions, slightly worst transient response of the system generation was 
recorded under light load conditions. Thus, only the simulation results for TE and coincident peak load, 
and TW and light load are presented in Appendix E of this report. 
 
The list of variables monitored during the dynamic disturbances includes: 

·  Rotor angles of the generation connected to A4L circuit (Long Rapids GS, Twin Falls GS and 
TCPL Nipigon GS), Marathon area generation (Wawatay GS, Umbata GS, Aguasabon GS and 
Terrace Bay Pulp embedded generation), Nipigon River generation (Alexander GS, Cameron Falls 
GS and Pine Portage GS and thermal generation (Atikokan GS and Thunder Bay GS) 

·  Active power output (PEL), reactive power output (QEL) and excitation system field voltage (EFD) 
for Long Rapids GS, Twin Falls GS and TCPL Nipigon machines 

·  System angles and voltages (Alexander, Marathon and Lakehead) 
·  230 kV and 115 kV circuits active power flows 
·  A4L, A6P, A7L and A5A circuit low voltages 

 
Furthermore, only the transient simulations resulting in either the greatest angle deviation of the NRP 
machines or the greatest angle deviation of system generation machines are presented in Appendix E. For 
each of these simulations the following 12 graphs are drawn:  
 
Graph 1: Long Rapids, Twin Falls and TCPL Nipigon rotor angles 
Graph 2: Long Rapids, Twin Falls and TCPL Nipigon EFD 
Graph 3: Long Rapids, Twin Falls and TCPL Nipigon QEL 
Graph 4: Long Rapids, Twin Falls and TCPL Nipigon PEL 
Graph 5: Nipigon river hydro generation rotor angles 
Graph 6: Marathon area hydro generation rotor angles 
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 circuits and transformers 
Graph 11: Transmission system voltages (HV) 
Graph 12: Distribution system voltages (LV) 
 

Study Findings 
The maximum machine rotor angle deviation, that is, the largest difference in actual maximum and 
minimum angle values, for all simulated contingencies are tabulated in Table 22 and Table 23. The tables 
contain respective angle deviation for the NRP machines as 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 

Contingency Location 
�  SPREAD MAX �  SPREAD 

Long Rapids Twin Falls �  Spread G 

SC1 C1A Alexander 75.2 66.7 84.8 Cam G5 

SC2 A5A 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 G4 
Transient curves for the faults highlighted in yellow are 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 

Contingency Location 
�  SPREAD MAX �  SPREAD 

Long Rapids Twin Falls �  Spread G 

SC1 C1A Alexander 74.6 70 108 Cam G1 

SC2 A5A 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 G1 

SC7 M23L + T11 Marathon 22.2 21.6 62.2 Wawa G4 
Transient curves for the faults highlighted in yellow are shown in Appendix E. 
 
It could be concluded from the study results that the fault on C1A at Alexander SS was the most severe 
one in terms of angle deviation.  
 
In conclusion, all of the dynamic simulations tested showed acceptable performance. 
 
However, the Long Rapids and Twin Falls field voltage (EFD) demonstrated oscillatory behavior during 
the disturbances.  

Although the responses of the excitation systems at the NRP do not impact system stable performance, it is 
recommended that the poor performance of the excitation systems at Long Rapids and Twin Falls be 
eradicated. 

 
The graphs illustrating the field voltage oscillations under fault conditions involving C1A circuit are 
shown in Figure 13. 
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Figure 13: Long Rapids EFD Curve 
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Appendix A: Reactive Power Capability Study Results  
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Table 24: Reactive Capability Study Results 

  
Tap Position 

VSCH 
QG  LR 

(MVAr) 
QG  TF  

(MVAr) 
QTOT 

(MVAr) 
QLOSS 

(MVAr) 
QPCC 

(MVAr) 
� QPCC 

(MVAr) 
SC 

(MVAr) 
SC REAL 

(MVAr) 
VT          

(kV) 
VTR LR 
(kV) 

VTR TF 
(kV) 

VINT 
(kV) 

VTR       

(kV) 
VPCC 

(kV) 
�  VTR 

TF (%) Lower Upper Interc. 

1 

1 1 1 0.95 -1.8 -1.5 -3.3 2.1 -5.4 +2.1     4.08 34.4 34.4 34.4 34.6 122.8 -0.3 

1 1 1 1 -1.3 -1.2 -2.5 2 -4.5      4.16 34.9 34.9 34.9 34.9 123 1.2 

1 1 1 1.05 -0.1 -0.3 -0.4 1.6 -2 -5.5     4.4 36.2 36.2 36.2 35.9 123.7 4.9 

2 

1.05 1.05 1.000 0.95 -1.3 -1.2 -2.5 2.1 -4.6 +1.3     4 34.8 34.8 34.8 34.9 122.9 0.9 

1.05 1.05 1.000 1 -0.1 -0.2 -0.3 1.7 -2   
 

  4.16 36.2 36.2 36.2 35.9 123.7 4.9 

1.05 1.05 1.000 1.05 1.3 0.9 2.2 1.6 0.6 -2.9     4.4 37.5 37.5 37.5 36.8 124.4 8.7 

3 

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 -3.8 

1 1 1.047 1 -0.1 -0.3 -0.4 1.8 -2.2      4.16 34.4 34.5 34.4 34.2 123.7 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 35.1 124.3 3.5 

4 

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 

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 34.9 124.5 3.2 

5 

1.025 1.025 1.076 0.95 0 -0.2 -0.2 2 -2.2 -1.1     4 33.5 33.6 33.5 33.2 123.6 -2.6 

1.025 1.025 1.076 1 1.2 0.8 2 2.2 -0.2      4.16 34.8 35 34.8 34.1 124.3 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 

6 

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 -2.0 

1.025 1.025 1.076 1 0.7 0.3 1 1.8 1.2   2 2 4.16 35 35.1 35 34.5 124.6 1.7 

1.025 1.025 1.076 1.05 2 1.4 3.4 1.9 3.6 +0.1 2 2.1 4.4 36.3 36.5 36.3 35.5 125.3 5.8 

7 

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 33.7 123.3 -2.0 

1.025 1.025 1.047 1 0.5 0.3 0.8 1.7 -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 1.5 -2     4.4 36.4 36.6 36.3 35.6 124.6 6.1 

VSCH  Scheduled generator terminal voltage  VT   Generators terminal voltage 
QG  LR Q generated at Long Rapids GS   VTR LR Long Rapids step-up transformer 34.5 kV voltage 
QG  TF   Q generated at Twin Falls GS   VTR TF  Twin Falls step-up transformer 34.5 kV voltage 
QTOT Q generated by both plants   VINT Interconnection point voltage 
QPCC Q at point of connection   VTR Namewaminikan substation 34.5 kV voltage 
QLOSS  Q losses     VPCC  Voltage at point of connection 
� QPCC R QPCC REQUIRED - QPCC ACTUAL   �  VTR TF  Twin Falls step-up transformer 34.5 kV voltage change 
SC Shunt capacitor size 
SC REAL Actual MVAr 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 
2009: TE, Peak Load, Initial Conditions 

C
irc

ui
t Section 

Ratings Pre-contingency Loss of M23L + T11 

Summer Ratings Winter Ratings Loading Summer Winter Loading Summer Winter 

From To 
Cont 15 Min Cont 15 Min 

MVA Amps 
Cont 15-M Cont 15-M 

MVA Amps 
Cont 15-M Cont 15-M 

Amps Amps Amps Amps % % % % % % % % 

A4L 

ALEX SS TCP NIP 310 310 390 390 6.9 31.4 10.1 10.1 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 29.1 133.2 57.9 55.5 40.4 39.2 28.8 132.7 57.7 55.3 40.2 39.0 

NWAM_RVR J BEADMR J 230 240 330 340 28.6 133.4 58.0 55.6 40.4 39.2 28.2 132.9 57.8 55.4 40.3 39.1 

BEADMR J JELICO3J 230 240 330 340 27.3 127.3 55.3 53.0 38.6 37.4 26.9 126.7 55.1 52.8 38.4 37.3 

JELICO3J ROXMARKJ 230 240 330 340 25.9 124.1 54.0 51.7 37.6 36.5 25.6 123.6 53.7 51.5 37.5 36.4 

ROXMARKJ LONGLAC 230 240 330 340 25.2 124.6 54.2 51.9 37.8 36.6 24.9 124.1 54.0 51.7 37.6 36.5 

T1M 
MARATHON PIC JT1M 790 790 870 930 84.4 388.6 49.2 49.2 44.7 41.8 115.5 547.2 69.3 69.3 62.9 58.8 

PIC JT1M TERRACE 460 460 600 640 94.9 440.8 95.8 95.8 73.5 68.9 125.7 599.7 130.4 130.4 100.0 93.7 

A1B 
TERRACE SS TERRACE J 790 790 870 930 94.9 440.8 55.8 55.8 50.7 47.4 125.7 599.7 75.9 75.9 68.9 64.5 

TERRACE J AGUASABO 570 570 680 720 100.3 465.5 81.7 81.7 68.5 64.7 129.9 619.2 108.6 108.6 91.1 86.0 

A5A 

AGUASABO SCHREIBJ 430 430 580 610 62.8 291.8 67.9 67.9 50.3 47.8 95.1 454.0 105.6 105.6 78.3 74.4 

SCHREIBJ MINNOVAJ 430 430 580 610 66.6 309.2 71.9 71.9 53.3 50.7 98.6 470.8 109.5 109.5 81.2 77.2 

MINNOVAJ ALEX SS 430 430 580 610 68.7 315.0 73.3 73.3 54.3 51.6 103.0 475.6 110.6 110.6 82.0 78.0 

2009: TE, Peak Load, NRP In-service 

A4L 

ALEX SS TCP NIP 310 310 390 390 16.8 77 24.8 24.8 19.7 19.7 16.6 76.8 24.8 24.8 19.7 19.7 

TCP NIP NWAM_RVR J 230 240 330 340 18.9 85.7 37.3 35.7 26.0 25.2 19.1 87 37.8 36.3 26.4 25.6 

NWAM_RVR J BEADMR J 230 240 330 340 28.5 131.1 57.0 54.6 39.7 38.6 28.7 132.7 57.7 55.3 40.2 39.0 

BEADMR J JELICO3J 230 240 330 340 27.2 125 54.3 52.1 37.9 36.8 27.4 126.7 55.1 52.8 38.4 37.3 

JELICO3J ROXMARKJ 230 240 330 340 25.9 121.9 53.0 50.8 36.9 35.9 26 123.6 53.7 51.5 37.5 36.4 

ROXMARKJ LONGLAC 230 240 330 340 25.2 122.4 53.2 51.0 37.1 36.0 25.4 124.1 54.0 51.7 37.6 36.5 

T1M 
MARATHON PIC JT1M 790 790 870 930 83.9 389.1 49.3 49.3 44.7 41.8 113.7 538.9 68.2 68.2 61.9 57.9 

PIC JT1M TERRACE 460 460 600 640 95.1 442.9 96.3 96.3 73.8 69.2 124.3 592.2 128.7 128.7 98.7 92.5 

A1B 
TERRACE SS TERRACE J 790 790 870 930 95.1 442.9 56.1 56.1 50.9 47.6 124.3 592.1 74.9 74.9 68.1 63.7 

TERRACE J AGUASABO 570 570 680 720 100.6 468.3 82.2 82.2 68.9 65.0 128.7 612.7 107.5 107.5 90.1 85.1 

A5A 

AGUASABO SCHREIBJ 430 430 580 610 63.4 295.2 68.7 68.7 50.9 48.4 93.8 447.2 104.0 104.0 77.1 73.3 

SCHREIBJ MINNOVAJ 430 430 580 610 67.2 312.8 72.7 72.7 53.9 51.3 97.4 464.1 107.9 107.9 80.0 76.1 

MINNOVAJ ALEX SS 430 430 580 610 69.5 318.3 74.0 74.0 54.9 52.2 101.7 468.9 109.0 109.0 80.8 76.9 
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Table 26: TW, Light Load (50% of Coincident Peak Load) Conditions 
2009: TW, Light Load, Initial Conditions 

C
irc

ui
t Section 

Ratings Pre-contingency Loss of A8L 

Summer Ratings Winter Ratings Loading Summer Winter  Loading Summer Winter  

From  To 
Cont 15 Min Cont 15 Min 

MVA Amps 
Cont 15-M Cont 15-M 

MVA Amps 
Cont 15-M Cont 15-M 

Amps Amps Amps Amps % % % % % % % % 

A4L 

ALEX SS TCP NIP 310 310 390 390 20.8 95.2 30.7 30.7 24.4 24.4 20.8 95.1 30.7 30.7 24.4 24.4 

TCP NIP NWAM_RVR J 230 240 330 340 15.2 68.9 30.0 28.7 20.9 20.3 15.2 69 30.0 28.8 20.9 20.3 

NWAM_RVR J BEADMR J 230 240 330 340 15.3 70.2 30.5 29.3 21.3 20.6 15.3 70.2 30.5 29.3 21.3 20.6 

BEADMR J JELICO3J 230 240 330 340 13.9 63.9 27.8 26.6 19.4 18.8 13.9 63.9 27.8 26.6 19.4 18.8 

JELICO3J ROXMARKJ 230 240 330 340 13.4 62.5 27.2 26.0 18.9 18.4 13.4 62.5 27.2 26.0 18.9 18.4 

ROXMARKJ LONGLAC 230 240 330 340 13.9 66.2 28.8 27.6 20.1 19.5 13.9 66.3 28.8 27.6 20.1 19.5 

A6P 
ALEX SS RES JA6P 490 490 640 680 68.5 314.2 64.1 64.1 49.1 46.2 85.7 392.8 80.2 80.2 61.4 57.8 

RES JA6P PTART#1A 260 260 350 350 58.9 270.4 104.0 104.0 77.3 77.3 75.8 348.6 134.1 134.1 99.6 99.6 

A7L 
ALEX SS RES JA7L 310 310 440 460 64.5 295.5 95.3 95.3 67.2 64.2 84.1 385.3 124.3 124.3 87.6 83.8 

RES JA7L LAKEHEAD 310 310 440 460 64 294.5 95.0 95.0 66.9 64.0 83.3 384.5 124.0 124.0 87.4 83.6 

A8L ALEX SS LAKEHEAD 430 430 580 610 71.4 327.5 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 

A4L 

ALEX SS TCP NIP 310 310 390 390 30.2 138.3 44.6 44.6 35.5 35.5 30.2 138.3 44.6 44.6 35.5 35.5 

TCP NIP NWAM_RVR J 230 240 330 340 6 27 11.7 11.3 8.2 7.9 6 27 11.7 11.3 8.2 7.9 

NWAM_RVR J BEADMR J 230 240 330 340 15.2 69.1 30.0 28.8 20.9 20.3 15.2 69.1 30.0 28.8 20.9 20.3 

BEADMR J JELICO3J 230 240 330 340 13.9 62.9 27.3 26.2 19.1 18.5 13.9 62.9 27.3 26.2 19.1 18.5 

JELICO3J ROXMARKJ 230 240 330 340 13.3 61.5 26.7 25.6 18.6 18.1 13.3 61.5 26.7 25.6 18.6 18.1 

ROXMARKJ LONGLAC 230 240 330 340 13.9 65.3 28.4 27.2 19.8 19.2 13.9 65.3 28.4 27.2 19.8 19.2 

A6P 
ALEX SS RES JA6P 490 490 640 680 69.9 319.9 65.3 65.3 50.0 47.0 87.4 400.3 81.7 81.7 62.5 58.9 

RES JA6P PTART#1A 260 260 350 350 60.2 276.3 106.3 106.3 78.9 78.9 77.6 356.2 137.0 137.0 101.8 101.8 

A7L 
ALEX SS RES JA7L 310 310 440 460 66 302.4 97.5 97.5 68.7 65.7 86.1 394.1 127.1 127.1 89.6 85.7 

RES JA7L LAKEHEAD 310 310 440 460 65.5 301.3 97.2 97.2 68.5 65.5 85.3 393.2 126.8 126.8 89.4 85.5 

A8L ALEX SS LAKEHEAD 430 430 580 610 73.2 335.1 77.9 77.9 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 Peak Load Conditions 

Monitored Busses 

Voltage Dependant Load (P �  V1.5, Q �  V2) 

NRP: Q g=4.8 MVAr, Qpcc=2.6 MVAr NRP: Q g=0 MVAr, Qpcc=0 MVAr 

P
re

-c
on

tin
ge

nc
y 

Loss of Namewaminikan Substation 
Step-up Transformer                                                     

TCPL Nipigon Out-of-service Pre-
contingency 

P
re

-c
on

tin
ge

nc
y 

Loss of Long Lac TS Step-up 
Transformer                                    

The NRP Out-of-service Pre-
contingency 

Bus Name Base kV  
PRE-ULTC POST-ULTC 

 
PRE-ULTC POST-ULTC 

kV kV % kV % kV kV % kV % 

WAWA 220 241.2 241.6 0.2 241.6 0.2 241.6 240.5 -0.5 240.5 -0.5 

MARATHON 220 242.9 243.3 0.2 243.3 0.2 243.7 242.4 -0.5 242.5 -0.5 

LAKEHEAD 220 246.6 246.6 0.0 246.5 0.0 248.1 247.9 -0.1 248 0.0 

MARATHON 118 124.9 125.1 0.2 125.1 0.2 125.2 124.5 -0.6 124.6 -0.5 

LAKEHEAD 118 124.6 124.6 0.0 124.6 0.0 124.2 124 -0.2 124.1 -0.1 

ALEX SS 118 126 125.8 -0.2 125.8 -0.2 125.7 125.7 0.0 125.7 0.0 

BEARDMOR 118 123.7 120.6 -2.5 120.4 -2.7 122.5 128 4.5 128 4.5 

JELICO#3 118 120.6 117.6 -2.5 117.3 -2.7 119.4 128.4 7.5 128.5 7.6 

LONGLAC 118 116.2 113.4 -2.4 112.9 -2.8 114.9 128.7 12.0 128.8 12.1 

BEARDMOR 24.9 26.6 26 -2.3 26 -2.3 26.4 27.6 4.5 27.6 4.5 

JELLICOE#3 12.5 13.1 12.8 -2.3 12.8 -2.3 13 14 7.7 14 7.7 

LONGLAC 44 46.3 45.2 -2.4 46.1 -0.4 46.4 0  0  
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Appendix D: Control Systems Performance Test Result s 
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Figure 14: Long Rapids Excitation Systems Response Ratio Test 

 

 

Figure 15: Twin Falls Excitation Systems Response Ratio Test 
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   =                  x 100% = 159 % 
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EFD CEILING = 4.09 p.u. 

EFD RATED = 2.57 p.u. 

EFD CEILING          4.09 p.u. 
   =                  x 100% = 181 % 

EFD RATED          2.26 p.u. 

EFD RATED = 2.26 p.u. 

EFD CEILING = 4.09 p.u. 
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Figure 16: Long Rapids Response Ration Test, Expanded Scale 

 
 
 
Figure 17: Twin Falls Response Ration Test, Expanded Scale 

 
 

EFD RATED = 2.57 p.u. 

Nominal response = 1.39 / (2.57 * 0.5) 
 

               = 1.08 
 

EFD @ 0.5 ms = 3.72p.u. 

E
X

C
IT

E
R

 F
IE

LD
 V

O
LT

A
G

E
 (

p.
u.

) 

TIME (seconds) 

2.0 

5.0 

1.39 

5.0 

E
X

C
IT

E
R

 F
IE

LD
 V

O
LT

A
G

E
 (

p.
u.

) 

EFD RATED = 2.26 p.u. 

EFD @ 0.5 ms = 3.64 p.u. 

TIME (seconds) 

2.0 

1.66 

Nominal response = 1.66 / (2.26 * 0.5) 
 

               = 1.47 
 



System Impact Assessment Report for Namewaminikan River Hydro Development Project           CAA ID 2007-285 
   

    55

Figure 18: Long Rapids Excitation Systems Open Circuit Response Test 

 
 
Figure 19: Twin Falls Excitation Systems Open Circuit Response Test 
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Appendix E: Transient Study Results  
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TE: Long Rapids Machine Rotor Angle For Different Contingencies 
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TE: Twin Falls Machine Rotor Angle For Different Contingencies 
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TW: Long Rapids Rotor Angle For Different Contingencies 
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TW: Long Rapids Rotor Angle For Different Contingencies 
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TE: LLG Fault on C1A @ Alexander SS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
100.00 0.0

CHNL# 7: [TWIN FALLS ANGLE]
100.00 0.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
120.00 20.000

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
120.00 20.000
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TE: LLG Fault on C1A @ Alexander SS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
100.00 0.0

CHNL# 19: [CAMERON G4 ANGLE]
100.00 0.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
100.00 0.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
100.00 0.0
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CHNL# 2: [AQUASABON G1 ANGLE]
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CHNL# 3: [AQUASABON G2 ANGLE]
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60.000 -40.00

CHNL# 13: [WAWATAY G4 ANGLE]
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
80.000 -20.00

CHNL# 5: [TERRACE BAY STG2 ANGLE]
80.000 -20.00
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60.000 -40.00

CHNL# 30: [ATIKOKAN GS ANGLE]
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CHNL# 85: [ALEXANDER SS ANGLE]
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CHNL# 81: [LAKEHEAD 115 ANGLE]
70.000 -30.00

CHNL# 73: [MARATHON 115 ANGLE]
20.000 -80.00

CHNL# 79: [LAKEHEAD 230 ANGLE]
20.000 -80.00

CHNL# 75: [MARATHON 230 ANGLE]
0.0 -100.0
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TE: LLG Fault on C1A @ Alexander SS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
100.00 0.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0
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CHNL# 92: [MARATHON T11 MW]
0.0 -100.0

CHNL# 96: [M23L MW]
0.0 -250.0

CHNL# 97: [M24L MW]
0.0 -250.0

CHNL# 94: [W21M MW]
250.00 0.0

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

M
O

N
, D

E
C

 2
9 

20
08

   
7:

56
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

2.
00

00
4.

00
00

6.
00

00
8.

00
00

10
.0

00
12

.0
00

14
.0

00
16

.0
00

18
.0

00
20

.0
00

FILE: ...\Dynamics\CHANNEL_TE_LLG_C1A_Alexander_G3&G4_NewModels_Dec08.OUT

23
0 

K
V

 P
O

W
E

R
 F

LO
W

S

CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000
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TE: LLG Fault on A5A @ Alexander SS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
100.00 0.0

CHNL# 7: [TWIN FALLS ANGLE]
100.00 0.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
120.00 20.000

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
120.00 20.000
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CHNL# 50: [LONG RAPIDS EFD]
3.2000 1.2000

CHNL# 51: [TWIN FALLS EFD]
3.2000 1.2000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.6000 1.6000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.6000 1.6000
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CHNL# 37: [TWIN FALLS QEL]
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CHNL# 38: [TCPL NIPIGON G1 QEL]
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CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0
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TE: LLG Fault on A5A @ Alexander SS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
100.00 0.0

CHNL# 19: [CAMERON G4 ANGLE]
100.00 0.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
100.00 0.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
100.00 0.0
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CHNL# 2: [AQUASABON G1 ANGLE]
80.000 -20.00

CHNL# 3: [AQUASABON G2 ANGLE]
80.000 -20.00

CHNL# 12: [WAWATAY G1 ANGLE]
60.000 -40.00

CHNL# 13: [WAWATAY G4 ANGLE]
60.000 -40.00

CHNL# 14: [UMBATA G1 ANGLE]
70.000 -30.00
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
80.000 -20.00

CHNL# 5: [TERRACE BAY STG2 ANGLE]
80.000 -20.00

CHNL# 29: [THUNDER BAY G2 ANGLE]
60.000 -40.00

CHNL# 30: [ATIKOKAN GS ANGLE]
100.00 0.0
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CHNL# 85: [ALEXANDER SS ANGLE]
70.000 -30.00

CHNL# 81: [LAKEHEAD 115 ANGLE]
70.000 -30.00

CHNL# 73: [MARATHON 115 ANGLE]
20.000 -80.00

CHNL# 79: [LAKEHEAD 230 ANGLE]
20.000 -80.00

CHNL# 75: [MARATHON 230 ANGLE]
0.0 -100.0
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TE: LLG Fault on A5A @ Alexander SS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
100.00 0.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0
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CHNL# 92: [MARATHON T11 MW]
0.0 -100.0

CHNL# 96: [M23L MW]
0.0 -250.0

CHNL# 97: [M24L MW]
0.0 -250.0

CHNL# 94: [W21M MW]
250.00 0.0
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000
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TE: LLG Fault on A8L @ Alexander SS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
100.00 0.0

CHNL# 7: [TWIN FALLS ANGLE]
100.00 0.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
120.00 20.000

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
120.00 20.000
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CHNL# 50: [LONG RAPIDS EFD]
3.2000 1.2000

CHNL# 51: [TWIN FALLS EFD]
3.2000 1.2000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.6000 1.6000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.6000 1.6000

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

T
U

E
, D

E
C

 2
3 

20
08

  1
1:

04
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

2.
00

00
4.

00
00

6.
00

00
8.

00
00

10
.0

00
12

.0
00

14
.0

00
16

.0
00

18
.0

00
20

.0
00

FILE: ...\Dynamics\CHANNEL_TE_LLG_A8L_Alexander_G3&G4_NewModels_Dec08.OUT

A
4L

 G
 E

F
D

CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0
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TE: LLG Fault on A8L @ Alexander SS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
100.00 0.0

CHNL# 19: [CAMERON G4 ANGLE]
100.00 0.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
100.00 0.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
100.00 0.0
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CHNL# 2: [AQUASABON G1 ANGLE]
80.000 -20.00

CHNL# 3: [AQUASABON G2 ANGLE]
80.000 -20.00

CHNL# 12: [WAWATAY G1 ANGLE]
60.000 -40.00

CHNL# 13: [WAWATAY G4 ANGLE]
60.000 -40.00

CHNL# 14: [UMBATA G1 ANGLE]
70.000 -30.00
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
80.000 -20.00

CHNL# 5: [TERRACE BAY STG2 ANGLE]
80.000 -20.00

CHNL# 29: [THUNDER BAY G2 ANGLE]
60.000 -40.00

CHNL# 30: [ATIKOKAN GS ANGLE]
100.00 0.0
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CHNL# 85: [ALEXANDER SS ANGLE]
70.000 -30.00

CHNL# 81: [LAKEHEAD 115 ANGLE]
70.000 -30.00

CHNL# 73: [MARATHON 115 ANGLE]
20.000 -80.00

CHNL# 79: [LAKEHEAD 230 ANGLE]
20.000 -80.00

CHNL# 75: [MARATHON 230 ANGLE]
0.0 -100.0
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TE: LLG Fault on A8L @ Alexander SS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
100.00 0.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0
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CHNL# 92: [MARATHON T11 MW]
0.0 -100.0

CHNL# 96: [M23L MW]
0.0 -250.0

CHNL# 97: [M24L MW]
0.0 -250.0

CHNL# 94: [W21M MW]
250.00 0.0
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000
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TE: LLG Fault on A8L @ Lakehead TS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
100.00 0.0

CHNL# 7: [TWIN FALLS ANGLE]
100.00 0.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
120.00 20.000

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
120.00 20.000
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CHNL# 50: [LONG RAPIDS EFD]
3.2000 1.2000

CHNL# 51: [TWIN FALLS EFD]
3.2000 1.2000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.6000 1.6000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.6000 1.6000
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0
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TE: LLG Fault on A8L @ Lakehead TS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
100.00 0.0

CHNL# 19: [CAMERON G4 ANGLE]
100.00 0.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
100.00 0.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
100.00 0.0

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

T
U

E
, D

E
C

 2
3 

20
08

  1
1:

13
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

2.
00

00
4.

00
00

6.
00

00
8.

00
00

10
.0

00
12

.0
00

14
.0

00
16

.0
00

18
.0

00
20

.0
00

FILE: ...\Dynamics\CHANNEL_TE_LLG_A8L_Lakehead_G3&G4_NewModels_Dec08.OUT

H
Y

D
R

O
 N

IP
IG

O
N

 G
 A

N
G

LE
S

CHNL# 2: [AQUASABON G1 ANGLE]
80.000 -20.00

CHNL# 3: [AQUASABON G2 ANGLE]
80.000 -20.00

CHNL# 12: [WAWATAY G1 ANGLE]
60.000 -40.00

CHNL# 13: [WAWATAY G4 ANGLE]
60.000 -40.00

CHNL# 14: [UMBATA G1 ANGLE]
70.000 -30.00
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
80.000 -20.00

CHNL# 5: [TERRACE BAY STG2 ANGLE]
80.000 -20.00

CHNL# 29: [THUNDER BAY G2 ANGLE]
60.000 -40.00

CHNL# 30: [ATIKOKAN GS ANGLE]
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CHNL# 85: [ALEXANDER SS ANGLE]
70.000 -30.00

CHNL# 81: [LAKEHEAD 115 ANGLE]
70.000 -30.00

CHNL# 73: [MARATHON 115 ANGLE]
20.000 -80.00

CHNL# 79: [LAKEHEAD 230 ANGLE]
20.000 -80.00

CHNL# 75: [MARATHON 230 ANGLE]
0.0 -100.0
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TE: LLG Fault on A8L @ Lakehead TS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
100.00 0.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0
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CHNL# 92: [MARATHON T11 MW]
0.0 -100.0

CHNL# 96: [M23L MW]
0.0 -250.0

CHNL# 97: [M24L MW]
0.0 -250.0

CHNL# 94: [W21M MW]
250.00 0.0
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000
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TE: LLL Fault on LV Bus @ TCPL Nipigon – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
100.00 0.0

CHNL# 7: [TWIN FALLS ANGLE]
100.00 0.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
120.00 20.000

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
120.00 20.000
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CHNL# 50: [LONG RAPIDS EFD]
3.2000 1.2000

CHNL# 51: [TWIN FALLS EFD]
3.2000 1.2000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.6000 1.6000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.6000 1.6000
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0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0
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TE: LLL Fault on LV Bus @ TCPL Nipigon – 2 

CHNL# 18: [CAMERON G3 ANGLE]
100.00 0.0

CHNL# 19: [CAMERON G4 ANGLE]
100.00 0.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
100.00 0.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
100.00 0.0
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CHNL# 2: [AQUASABON G1 ANGLE]
80.000 -20.00

CHNL# 3: [AQUASABON G2 ANGLE]
80.000 -20.00

CHNL# 12: [WAWATAY G1 ANGLE]
60.000 -40.00

CHNL# 13: [WAWATAY G4 ANGLE]
60.000 -40.00

CHNL# 14: [UMBATA G1 ANGLE]
-30.00 -70.00
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-20.00 -80.00

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-20.00 -80.00

CHNL# 29: [THUNDER BAY G2 ANGLE]
60.000 -40.00

CHNL# 30: [ATIKOKAN GS ANGLE]
100.00 0.0
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CHNL# 85: [ALEXANDER SS ANGLE]
70.000 -30.00

CHNL# 81: [LAKEHEAD 115 ANGLE]
70.000 -30.00

CHNL# 73: [MARATHON 115 ANGLE]
20.000 -80.00

CHNL# 79: [LAKEHEAD 230 ANGLE]
20.000 -80.00

CHNL# 75: [MARATHON 230 ANGLE]
0.0 -100.0
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TE: LLL Fault on LV Bus @ TCPL Nipigon – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
100.00 0.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0
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CHNL# 92: [MARATHON T11 MW]
0.0 -100.0

CHNL# 96: [M23L MW]
0.0 -250.0

CHNL# 97: [M24L MW]
0.0 -250.0

CHNL# 94: [W21M MW]
250.00 0.0
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000
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TE: LLG Fault on M23L (T11) @ Lakehead – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
100.00 0.0

CHNL# 7: [TWIN FALLS ANGLE]
100.00 0.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
120.00 20.000

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
120.00 20.000
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CHNL# 50: [LONG RAPIDS EFD]
3.2000 1.2000

CHNL# 51: [TWIN FALLS EFD]
3.2000 1.2000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.6000 1.6000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.6000 1.6000
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

W
E

D
, D

E
C

 2
4 

20
08

   
9:

14
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

1.
00

00
2.

00
00

3.
00

00
4.

00
00

5.
00

00
6.

00
00

7.
00

00
8.

00
00

9.
00

00
10

.0
00

FILE: CHANNEL_TE_LLG_M23L_T11_Lakehead_G3&G4_NewModels_Dec08.OUT

A
4L

 G
 P

E
L

 



System Impact Assessment Report for Namewaminikan River Hydro Development Project           CAA ID 2007-285 
   

    77

TE: LLG Fault on M23L (T11) @ Lakehead – 2 

CHNL# 18: [CAMERON G3 ANGLE]
100.00 0.0

CHNL# 19: [CAMERON G4 ANGLE]
100.00 0.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
100.00 0.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
100.00 0.0

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
80.000 -20.00

CHNL# 3: [AQUASABON G2 ANGLE]
80.000 -20.00

CHNL# 12: [WAWATAY G1 ANGLE]
60.000 -40.00

CHNL# 13: [WAWATAY G4 ANGLE]
60.000 -40.00

CHNL# 14: [UMBATA G1 ANGLE]
70.000 -30.00

EWTE_325_OMTE_300_MPFN_25
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
80.000 -20.00

CHNL# 5: [TERRACE BAY STG2 ANGLE]
80.000 -20.00

CHNL# 29: [THUNDER BAY G2 ANGLE]
60.000 -40.00

CHNL# 30: [ATIKOKAN GS ANGLE]
100.00 0.0
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 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 85: [ALEXANDER SS ANGLE]
70.000 -30.00

CHNL# 81: [LAKEHEAD 115 ANGLE]
70.000 -30.00

CHNL# 73: [MARATHON 115 ANGLE]
20.000 -80.00

CHNL# 79: [LAKEHEAD 230 ANGLE]
20.000 -80.00

CHNL# 75: [MARATHON 230 ANGLE]
0.0 -100.0
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TE: LLG Fault on M23L (T11) @ Lakehead – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
100.00 0.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
0.0 -100.0

CHNL# 96: [M23L MW]
0.0 -250.0

CHNL# 97: [M24L MW]
0.0 -250.0

CHNL# 94: [W21M MW]
250.00 0.0

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTE_325_OMTE_300_MPFN_25
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW: LLG Fault on C1A @ Alexander SS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
-30.00 -130.0

CHNL# 7: [TWIN FALLS ANGLE]
-30.00 -130.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
-30.00 -130.0

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
-30.00 -130.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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FILE: ...\Dynamics\CHANNEL_TW_LLG_C1A_Alexander_G3&G4_NewModels_Dec08.OUT
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CHNL# 50: [LONG RAPIDS EFD]
3.0000 1.0000

CHNL# 51: [TWIN FALLS EFD]
3.0000 1.0000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.7000 1.7000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.7000 1.7000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

M
O

N
, D

E
C

 2
9 

20
08

   
9:

23
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

1.
00

00
2.

00
00

3.
00

00
4.

00
00

5.
00

00
6.

00
00

7.
00

00
8.

00
00

9.
00

00
10

.0
00

FILE: ...\Dynamics\CHANNEL_TW_LLG_C1A_Alexander_G3&G4_NewModels_Dec08.OUT
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW: LLG Fault on C1A @ Alexander SS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
-30.00 -130.0

CHNL# 19: [CAMERON G4 ANGLE]
-30.00 -130.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
-50.00 -150.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
-50.00 -150.0

CHNL# 3: [AQUASABON G2 ANGLE]
-50.00 -150.0

CHNL# 12: [WAWATAY G1 ANGLE]
-50.00 -150.0

CHNL# 13: [WAWATAY G4 ANGLE]
-50.00 -150.0

CHNL# 14: [UMBATA G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-50.00 -150.0

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-50.00 -150.0

CHNL# 29: [THUNDER BAY G2 ANGLE]
-50.00 -200.0

CHNL# 30: [ATIKOKAN GS ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 85: [ALEXANDER SS ANGLE]
-100.0 -200.0

CHNL# 81: [LAKEHEAD 115 ANGLE]
-100.0 -200.0

CHNL# 73: [MARATHON 115 ANGLE]
-100.0 -200.0

CHNL# 79: [LAKEHEAD 230 ANGLE]
-100.0 -200.0

CHNL# 75: [MARATHON 230 ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW: LLG Fault on C1A @ Alexander SS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
0.0 -100.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
50.000 -50.00

CHNL# 96: [M23L MW]
250.00 0.0

CHNL# 97: [M24L MW]
250.00 0.0

CHNL# 94: [W21M MW]
0.0 -250.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

M
O

N
, D

E
C

 2
9 

20
08

   
9:

23
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

2.
00

00
4.

00
00

6.
00

00
8.

00
00

10
.0

00
12

.0
00

14
.0

00
16

.0
00

18
.0

00
20

.0
00

FILE: ...\Dynamics\CHANNEL_TW_LLG_C1A_Alexander_G3&G4_NewModels_Dec08.OUT

LV
 B

U
S

 V
O

LT
A

G
E

S

 



System Impact Assessment Report for Namewaminikan River Hydro Development Project           CAA ID 2007-285 
   

    82

TW, Light Load: LLG Fault on A5A @ Alexander SS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
-30.00 -130.0

CHNL# 7: [TWIN FALLS ANGLE]
-30.00 -130.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
-30.00 -130.0

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
-30.00 -130.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 50: [LONG RAPIDS EFD]
3.0000 1.0000

CHNL# 51: [TWIN FALLS EFD]
3.0000 1.0000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.7000 1.7000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.7000 1.7000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

M
O

N
, D

E
C

 2
9 

20
08

  1
0:

12
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

1.
00

00
2.

00
00

3.
00

00
4.

00
00

5.
00

00
6.

00
00

7.
00

00
8.

00
00

9.
00

00
10

.0
00

FILE: ...\Dynamics\CHANNEL_TW_LLG_A5A_Alexander_G3&G4_NewModels_Dec08.OUT

A
4L

 G
 Q

E
L

CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on A5A @ Alexander SS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
-30.00 -130.0

CHNL# 19: [CAMERON G4 ANGLE]
-30.00 -130.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
-50.00 -150.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
-50.00 -150.0

CHNL# 3: [AQUASABON G2 ANGLE]
-50.00 -150.0

CHNL# 12: [WAWATAY G1 ANGLE]
-50.00 -150.0

CHNL# 13: [WAWATAY G4 ANGLE]
-50.00 -150.0

CHNL# 14: [UMBATA G1 ANGLE]
-50.00 -150.0
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-50.00 -150.0

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-50.00 -150.0

CHNL# 29: [THUNDER BAY G2 ANGLE]
-50.00 -200.0

CHNL# 30: [ATIKOKAN GS ANGLE]
-100.0 -200.0
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CHNL# 85: [ALEXANDER SS ANGLE]
-100.0 -200.0

CHNL# 81: [LAKEHEAD 115 ANGLE]
-100.0 -200.0

CHNL# 73: [MARATHON 115 ANGLE]
-100.0 -200.0

CHNL# 79: [LAKEHEAD 230 ANGLE]
-100.0 -200.0

CHNL# 75: [MARATHON 230 ANGLE]
-100.0 -200.0
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TW, Light Load: LLG Fault on A5A @ Alexander SS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
0.0 -100.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
50.000 -50.00

CHNL# 96: [M23L MW]
250.00 0.0

CHNL# 97: [M24L MW]
250.00 0.0

CHNL# 94: [W21M MW]
0.0 -250.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on A8L @ Alexander SS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
-30.00 -130.0

CHNL# 7: [TWIN FALLS ANGLE]
-30.00 -130.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
-30.00 -130.0

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
-30.00 -130.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 50: [LONG RAPIDS EFD]
3.0000 1.0000

CHNL# 51: [TWIN FALLS EFD]
3.0000 1.0000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.7000 1.7000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.7000 1.7000
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0
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TW, Light Load: LLG Fault on A8L @ Alexander SS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
-30.00 -130.0

CHNL# 19: [CAMERON G4 ANGLE]
-30.00 -130.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
-50.00 -150.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
-50.00 -150.0

CHNL# 3: [AQUASABON G2 ANGLE]
-50.00 -150.0

CHNL# 12: [WAWATAY G1 ANGLE]
-50.00 -150.0

CHNL# 13: [WAWATAY G4 ANGLE]
-50.00 -150.0

CHNL# 14: [UMBATA G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-50.00 -150.0

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-50.00 -150.0

CHNL# 29: [THUNDER BAY G2 ANGLE]
-50.00 -200.0

CHNL# 30: [ATIKOKAN GS ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 85: [ALEXANDER SS ANGLE]
-100.0 -200.0

CHNL# 81: [LAKEHEAD 115 ANGLE]
-100.0 -200.0

CHNL# 73: [MARATHON 115 ANGLE]
-100.0 -200.0

CHNL# 79: [LAKEHEAD 230 ANGLE]
-100.0 -200.0

CHNL# 75: [MARATHON 230 ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on A8L @ Alexander SS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
0.0 -100.0

CHNL# 98: [A6P MW OUT ALEXANDER]
100.00 0.0

CHNL# 99: [A7L MW OUT ALEXANDER]
100.00 0.0

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
50.000 -50.00

CHNL# 96: [M23L MW]
250.00 0.0

CHNL# 97: [M24L MW]
250.00 0.0

CHNL# 94: [W21M MW]
0.0 -250.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on A8L @ Lakehead TS – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
-30.00 -130.0

CHNL# 7: [TWIN FALLS ANGLE]
-30.00 -130.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
-30.00 -130.0

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
-30.00 -130.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 50: [LONG RAPIDS EFD]
3.0000 1.0000

CHNL# 51: [TWIN FALLS EFD]
3.0000 1.0000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.7000 1.7000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.7000 1.7000
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 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on A8L @ Lakehead TS – 2 

CHNL# 18: [CAMERON G3 ANGLE]
-30.00 -130.0

CHNL# 19: [CAMERON G4 ANGLE]
-30.00 -130.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
-50.00 -150.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
-50.00 -150.0

CHNL# 3: [AQUASABON G2 ANGLE]
-50.00 -150.0

CHNL# 12: [WAWATAY G1 ANGLE]
-50.00 -150.0

CHNL# 13: [WAWATAY G4 ANGLE]
-50.00 -150.0

CHNL# 14: [UMBATA G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-50.00 -150.0

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-50.00 -150.0

CHNL# 29: [THUNDER BAY G2 ANGLE]
-50.00 -200.0

CHNL# 30: [ATIKOKAN GS ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 85: [ALEXANDER SS ANGLE]
-100.0 -200.0

CHNL# 81: [LAKEHEAD 115 ANGLE]
-100.0 -200.0

CHNL# 73: [MARATHON 115 ANGLE]
-100.0 -200.0

CHNL# 79: [LAKEHEAD 230 ANGLE]
-100.0 -200.0

CHNL# 75: [MARATHON 230 ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on A8L @ Lakehead TS – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
0.0 -100.0

CHNL# 98: [A6P MW OUT ALEXANDER]
120.00 20.000

CHNL# 99: [A7L MW OUT ALEXANDER]
120.00 20.000

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
50.000 -50.00

CHNL# 96: [M23L MW]
250.00 0.0

CHNL# 97: [M24L MW]
250.00 0.0

CHNL# 94: [W21M MW]
0.0 -250.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

M
O

N
, D

E
C

 2
9 

20
08

  1
2:

53
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

2.
00

00
4.

00
00

6.
00

00
8.

00
00

10
.0

00
12

.0
00

14
.0

00
16

.0
00

18
.0

00
20

.0
00

FILE: CHANNEL_TW_LLG_A8L_Lakehead_G3&G4_NewModels_Dec08.OUT

S
Y

S
T

E
M

 V
O

LT
A

G
E

S

CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
 
 

M
O

N
, D

E
C

 2
9 

20
08

  1
2:

53
T

IM
E

 (
S

E
C

O
N

D
S

)

SIEMENS POWER
TECHNOLOGIES
INTERNATIONAL R

0.
0

2.
00

00
4.

00
00

6.
00

00
8.

00
00

10
.0

00
12

.0
00

14
.0

00
16

.0
00

18
.0

00
20

.0
00

FILE: CHANNEL_TW_LLG_A8L_Lakehead_G3&G4_NewModels_Dec08.OUT

LV
 B

U
S

 V
O

LT
A

G
E

S

 
 



System Impact Assessment Report for Namewaminikan River Hydro Development Project           CAA ID 2007-285 
   

    91

TW, Light Load: LLL Fault on LV Bus @ Nipigon – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
-30.00 -130.0

CHNL# 7: [TWIN FALLS ANGLE]
-30.00 -130.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
-30.00 -130.0

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
-30.00 -130.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 50: [LONG RAPIDS EFD]
3.0000 1.0000

CHNL# 51: [TWIN FALLS EFD]
3.0000 1.0000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.7000 1.7000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.7000 1.7000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLL Fault on LV Bus @ Nipigon – 2 

CHNL# 18: [CAMERON G3 ANGLE]
-30.00 -130.0

CHNL# 19: [CAMERON G4 ANGLE]
-30.00 -130.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
-50.00 -150.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
-50.00 -150.0

CHNL# 3: [AQUASABON G2 ANGLE]
-50.00 -150.0

CHNL# 12: [WAWATAY G1 ANGLE]
-50.00 -150.0

CHNL# 13: [WAWATAY G4 ANGLE]
-50.00 -150.0

CHNL# 14: [UMBATA G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-50.00 -150.0

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-50.00 -150.0

CHNL# 29: [THUNDER BAY G2 ANGLE]
-50.00 -200.0

CHNL# 30: [ATIKOKAN GS ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 85: [ALEXANDER SS ANGLE]
-100.0 -200.0

CHNL# 81: [LAKEHEAD 115 ANGLE]
-100.0 -200.0

CHNL# 73: [MARATHON 115 ANGLE]
-100.0 -200.0

CHNL# 79: [LAKEHEAD 230 ANGLE]
-100.0 -200.0

CHNL# 75: [MARATHON 230 ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLL Fault on LV Bus @ Nipigon – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
0.0 -100.0

CHNL# 98: [A6P MW OUT ALEXANDER]
120.00 20.000

CHNL# 99: [A7L MW OUT ALEXANDER]
120.00 20.000

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
50.000 -50.00

CHNL# 96: [M23L MW]
250.00 0.0

CHNL# 97: [M24L MW]
250.00 0.0

CHNL# 94: [W21M MW]
0.0 -250.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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S
Y

S
T

E
M

 V
O

LT
A

G
E

S

CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on M23L (T11) @ Lakehead – 1 

CHNL# 6: [LONG RAPIDS ANGLE]
-30.00 -130.0

CHNL# 7: [TWIN FALLS ANGLE]
-30.00 -130.0

CHNL# 8: [TCPL NIPIGON G1 ANGLE]
-30.00 -130.0

CHNL# 9: [TCPL NIPIGON G2 ANGLE]
-30.00 -130.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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FILE: CHANNEL_TW_LLG_M23L_T11_Lakehead_G3&G4_NewModels_Dec08.OUT
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CHNL# 50: [LONG RAPIDS EFD]
3.0000 1.0000

CHNL# 51: [TWIN FALLS EFD]
3.0000 1.0000

CHNL# 52: [TCPL NIPIGON G1 EFD]
3.7000 1.7000

CHNL# 53: [TCPL NIPIGON G2 EFD]
3.7000 1.7000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 36: [LONG RAPIDS QEL]
0.05000 -0.0500

CHNL# 37: [TWIN FALLS QEL]
0.05000 -0.0500

CHNL# 38: [TCPL NIPIGON G1 QEL]
0.50000 -0.5000

CHNL# 39: [TCPL NIPIGON G2 QEL]
0.50000 -0.5000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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FILE: CHANNEL_TW_LLG_M23L_T11_Lakehead_G3&G4_NewModels_Dec08.OUT
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CHNL# 68: [LONG RAPIDS PEL]
0.05000 -0.0500

CHNL# 69: [TWIN FALLS PEL]
0.05000 -0.0500

CHNL# 70: [TCPL NIPIGON G1 PEL]
0.50000 0.0

CHNL# 71: [TCPL NIPIGON G2 PEL]
0.50000 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on M23L (T11) @ Lakehead – 2 

CHNL# 18: [CAMERON G3 ANGLE]
-30.00 -130.0

CHNL# 19: [CAMERON G4 ANGLE]
-30.00 -130.0

CHNL# 23: [ALEXANDAR G4 ANGLE]
-50.00 -150.0

CHNL# 25: [PINE PORTAGE G1 ANGLE]
-50.00 -150.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 2: [AQUASABON G1 ANGLE]
-50.00 -150.0

CHNL# 3: [AQUASABON G2 ANGLE]
-50.00 -150.0

CHNL# 12: [WAWATAY G1 ANGLE]
-50.00 -150.0

CHNL# 13: [WAWATAY G4 ANGLE]
-50.00 -150.0

CHNL# 14: [UMBATA G1 ANGLE]
-50.00 -150.0
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 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 4: [TERRACE BAY STG1 ANGLE]
-50.00 -150.0

CHNL# 5: [TERRACE BAY STG2 ANGLE]
-50.00 -150.0

CHNL# 29: [THUNDER BAY G2 ANGLE]
-50.00 -200.0

CHNL# 30: [ATIKOKAN GS ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 85: [ALEXANDER SS ANGLE]
-100.0 -200.0

CHNL# 81: [LAKEHEAD 115 ANGLE]
-100.0 -200.0

CHNL# 73: [MARATHON 115 ANGLE]
-100.0 -200.0

CHNL# 79: [LAKEHEAD 230 ANGLE]
-100.0 -200.0

CHNL# 75: [MARATHON 230 ANGLE]
-100.0 -200.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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TW, Light Load: LLG Fault on M23L (T11) @ Lakehead – 3 

CHNL# 90: [A4L MW IN ALEXANDER]
100.00 0.0

CHNL# 86: [A5A MW MINNOVAJ]
0.0 -100.0

CHNL# 98: [A6P MW OUT ALEXANDER]
120.00 20.000

CHNL# 99: [A7L MW OUT ALEXANDER]
120.00 20.000

CHNL# 100: [A8L MW OUT ALEXANDER]
100.00 0.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 92: [MARATHON T11 MW]
50.000 -50.00

CHNL# 96: [M23L MW]
250.00 0.0

CHNL# 97: [M24L MW]
250.00 0.0

CHNL# 94: [W21M MW]
0.0 -250.0

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 84: [ALEXANDER SS VOLTAGE]
1.2000 0.70000

CHNL# 72: [MARATHON 115 VOLTAGE]
1.2000 0.70000

CHNL# 80: [LAKEHEAD 115 VOLTAGE]
1.2000 0.70000

CHNL# 74: [MARATHON 230 VOLTAGE]
1.2000 0.70000

CHNL# 78: [LAKEHEAD 230 VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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CHNL# 114: [A5A SCHREIBER VOLTAGE]
1.2000 0.70000

CHNL# 118: [A4L BEARDMORE VOLTAGE]
1.2000 0.70000

CHNL# 119: [A4L JELICO VOLTAGE]
1.2000 0.70000

CHNL# 120: [A4L LONGLAC VOLTAGE]
1.2000 0.70000

CHNL# 121: [A6P REDROCK VOLTAGE]
1.2000 0.70000

CHNL# 123: [A6P NORMPAC VOLTAGE]
1.2000 0.70000

EWTW_350_OMTW_300_MPFN_50_WR_1.05
 53BLIP,3054FABC,3218FETT,91FN,1248CLAN,1929FIO,
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