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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. 
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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. 

 

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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1. SIA Findings 

1.1 SIA Conclusions  

Ontario Power Generation Inc. plans to convert Sir Adam Beck Generation Station #1, unit G7 
generator from 25 Hz to 60 Hz and to increase its capacity to 68.5 MVA. The SIA concluded that the 
project has the potential to reduce the burden of the Allanburg autotransformers during high demand 
periods but the reinforcement of a transmission element on the path between Beck#1 GS and 
Allanburg is required to accommodate the plant output. 

1.1.1 Study Results and Conclusions 

This study determined that additional capacity at Beck #1 GS is beneficial for reducing the flow 
through the Allanburg autotransformers. Additional capacity is generally beneficial for the whole 
Ontario system given the demand growth forecast over the next years.  

The tests identified that the 115 kV circuit Q4N from Beck#1 GS to Stanley junction is currently 
utilized above the planning criteria capacity, additional capacity at Beck#1 GS will further exceed the 
planning criteria ratings of this circuit. Hydro One was informed about this fact and responded that 
they’re aware of the problem and have an active project to correct it. No details were provided so this 
study assumed that Hydro One’s plan includes the current and future capacity increase at Beck#1 GS. 
Until this circuit is upgraded, under certain ambient conditions: temperature at or above 35 degC, 0-4 
km/h wind, combined with high water availability, Beck#1 GS may be required to reduce the output, 
in which case Ontario Power Generation would be eligible to receive congestion management 
settlement credit (CMSC) payments. 

The power transfer capability of the existing or future reinforced Queenston Flow West (QFW) 
transmission interface, and the new Abitibi Flow West (AFW) transmission interface is not materially 
reduced by the dispatch of Beck#1 G7. 

Without the QFW transmission reinforcement, the power transfer capability of the existing QFW 
interface can cause congestion.  If dispatch instructions from the IESO cause Beck#1 G7 to deviate 
from its market schedule due to congestion on the interface, Ontario Power Generation would be 
eligible to receive congestion management settlement credit (CMSC) payments. 

In the future, if the frequency of constraints or associated electricity market congestion costs increase 
materially, the IESO may require Beck#1 G7 to participate in a special protection system (SPS) and 
to install the necessary protection and control facilities to effect the required actions. 

The short circuit study revealed that some breakers at Nanticoke and Middleport may exceed the line 
to ground asymmetrical short circuit current. This happens with and without Beck#1 G7 in service, 
the new generator only makes things a little worse. Hydro One was notified of this problem. 

The addition of Beck#1 G7 increases the short circuit currents at Allanburg 115 kV but doesn’t 
exceed the current breaker capability. The lowest breaker capability was confirmed by Hydro One. 
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1.1.2 Recommendations 

OPG is encouraged to officially submit applications to Hydro One and IESO for all upgrades they’re 
intending to perform at Beck#1 GS. This will facilitate appropriate planning of necessary 
transmission upgrades that, when finalized, will allow the full output of Beck#1 GS be delivered to 
the system under all weather conditions. 

1.2 IESO’s Requirements for Connection 

The following requirements were identified in this assessment: 

- On-line monitoring: Appendix 4.15 and Appendix 4.19 of the Market Rules list the required 
information that the proponent must make available to the IESO on a continuous basis for 
monitoring purposes. At minimum, the proponent has to install all the equipment needed to 
continuously monitor the following quantities: 

o Active and reactive power generated by Beck#1 G7 

o Status of the new disconnect switches and circuit breakers. 

- Under-frequency tripping: Appendix 4.2 of the Market Rules requires that generation 
facilities shall be able to operate continuously at full power in the range 59.4 to 60.6 Hz. Each 
generation facility shall be capable of operating at full power for a limited period of time at 
frequencies as low as 58.8 Hz. Each generation facility  shall not trip for underfrequency 
excursions that are above a straight line defined on a linear-log plot of time and frequency by 
the points (300s, 59.0Hz) and (3.3s, 57.0 Hz) unless the IESO accepts other trip settings. 
Immediate tripping is allowed below 57.0 Hz. 

- Protection systems must be designed to meet all the requirements of the Transmission System 
Code as specified in Schedules E, F and G of Appendix 1 (Version B) and any additional 
requirements identified by Hydro One.  Where required by Hydro One, protection systems at 
Beck#1 GS – G7 must be coordinated with Hydro One protections systems. The design of 
protection and control facilities at Beck#1 GS – G7 must not preclude the installation of 
protection and control facilities for generation rejection should it be required in the future. 

1.3 Notification of Approval for Connection Proposa l 

From the information provided, our review concludes that the proposed changes will not result in a 
material adverse effect on the reliability of the IESO-controlled grid. It is recommended to issue a 
Notification of Conditional Approval for the installation of the new Beck#1 G7. 

– End of Section –  
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2. Introduction  

Ontario Power Generation Inc. plans to convert Sir Adam Beck Generation Station #1, unit G7 generator 
from 25 Hz to 60 Hz.  G7 generator (25 Hz) was disconnected from the IESO controlled grid and de-
registered on January 30, 2005.  After the conversion, G7 generator will be able to generate 68.5 MVA 
at 60 Hz.  The G7 conversion also requires replacement of its transformer T7, breaker T7AE106, 
disconnect switches T7AE-E&T and installation of a new 6E-7 switch. The scheduled permanent in 
service date is December 31, 2008. 

2.1 Purpose 

This assessment looked at the data and models of the new facility, the intended mode of operation, the 
impact of the new generating facility on the local transmission facilities and reviewed the dynamic 
performance of the new generating facility to ensure compliance with the Market Rules. It was based on 
appropriate assumptions for generation and transmission projects, and related procedures and guidelines 
that are in force at the time of this assessment. The system model for this assessment included all 
existing generators plus new generators (including new capacity at existing generating facilities) that 
have either signed a contract with a purchaser or have signed a connection cost recovery agreement with 
a transmitter. 

2.2 Scope 

All scenarios considered for this study focused on the Allanburg 115 kV area where the new generator is 
connected.  

2.3 Requirements and limitations 
The pre-contingency base cases are assuming the system in normal operating configuration. The 
information supplied for the new generator assumes similarities to the existing G6 unit: 

 

·  The proponent is responsible for ensuring that the performance of the equipment that is 
eventually supplied and installed in this generation facility is similar to the predicted 
performance or exceeds the predicted performance observed in the simulation results obtained 
using provided equipment models and data. 

·  The proponent is required to provide type test data that validates parameters already used in the 
analysis or perform commissioning tests to find new parameters of the models. 

– End of Section – 
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3. Project Description  

Ontario Power Generation is planning to convert Beck#1 G7 from 25 Hz to 60 Hz and increase the 
output to 68.5 MVA. The new unit will be connected to the 115 kV 60 Hz “E7” bus located at Beck#1 
GS through: 

·  T7 – 115 kV / 13.2 kV, 3 phase, 68.5 MVA ONWF transformer; 

·  20HT7 – 115 kV, rated current 1200 A, rated symmetrical short circuit capability 40 kA, SF6 
circuit breaker; 

·  20HT7-T and 20HT7-E – 115/121 kV, continuous rated current 1200 A disconnect switches.  

The “E7” bus can be isolated from “E8” bus by the existing 7E-8 switch and from “E6” bus by the new 
6E-7 switch that will be installed by Hydro One in preparation of the generator upgrade.  

Unit parameters supplied by the proponent and used for this study: 

·  Generator: Salient pole, 60 Hz, 68.5 MVA, 13.8 kV, 0.9 PF 

Values for GENSAL parameters: 

T’do = 7.5, T”do = 0.066, T”qo = 0.13, Inertia = 3.2, Speed dumping = 0, Xd = 0.87, Xq = 0.47, 
X’d = 0.29, X”d = X”q = 0.25, Xl = 0.1, S(1.0) = 0.104, S(1.2) = 0.39 

The proponent provided the generator reactive power capability curves for G6 that are shown in 
Appendix A. By extrapolating these curves, for a rated output of 61.6 MW the generator can 
supply about 29 Mvar and absorb about 28 Mvar at its terminals. This meets the requirement 
stipulated by the Market Rules with respect to reactive power capability of generators at its 
terminals.  

·  Excitation system: Static exciter 

Values for ESST1A parameters: 

Tr = 0.01, Vimax = 999, Vimin = -999, Tc = 0.0, Tb = 0.0, Tc1 = 0.0, Tb1 = 0.0, Ka = 200, Ta = 
0.0, Vamax = 999, Vamin = -999, Vrmax = 4.22, Vrmin = -4.03, Kc = 0.062, Kf = 0.0, Tf = 1.0, 
Klr = 20, Ilr = 2.18  

·  Power system stabilizer: Dual-Input Stabilizer 

Values of PSS2A parameters:  

ISC1 = 1 (rotor speed deviation), REMBUS1 = 0, ICS2 = 3 (generator electrical power), REMBUS 
2 = 0, M = 5, N = 1, Tw1 = 15, Tw2 = 15, T6 = 0.0, Tw3 = 15, Tw4 = 0.0, T7 = 15, Ks2 = 2.206, 
Ks3 = 1.0, T8 = 0.5, T9 = 0.1, Ks1 = 10, T1 = 0.06, T2 = 0.02, T3 = 0.06, T4 = 0.02, Vstmax = 0.1, 
Vstmin = -0.05 

·  Speed governor: Hydro Turbine-Governor 

Values of HYGOV parameters: 

R = 0.04, r = 0.23, Tr = 8, Tf = 0.1, Tg = 0.1, VELM = 0.056, Gmax = 1, Gmin = 0, Tw = 0.9, At = 
1.109, Dturb = 0, Qnl = 0.106  

– End of Section – 
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4. General requirements 

The Market Rules require that: 

·  Each synchronous generator connected to the IESO-controlled grid shall have the steady state 
capability to supply or absorb reactive power within the range of 0.9 lag and 0.95 lead based 
on rated active power output and rated voltage – Chapter 4, Appendix 4.2, Ref 1. 

·  Each synchronous generator connected to the IESO-controlled grid rated at or above 10 MVA 
shall be equipped with continuously acting excitation system with AVR that has field voltage 
ceiling at least twice the rated field voltage, capable of maintaining the steady state terminal 
voltage within 0.5 % of its set point and capable of having voltage response time no longer 
than 50 ms – Chapter 4, Appendix 4.2, Ref 12. 

·  Each synchronous generator connected to the IESO-controlled grid rated at or above 10 MVA 
shall be equipped with a stabilizer – Chapter 4, Appendix 4.2, Ref 15. 

·  Each synchronous generator connected to the IESO-controlled grid rated at or above 10 MVA 
shall be equipped with a speed governor that has permanent speed droop between 3 % and 7% 
– Chapter 4, Appendix 4.2, Ref 16. 

·  Each generator shall provide the IESO on a continual basis with on-line monitored quantities 
as specified in Appendix 4.15. It is required that Ontario Power Generation installs all the 
equipment needed to monitor the information required by the IESO on a continuous basis. The 
IESO requires that the status of all isolating disconnect switches and breakers as well as 
voltages and power flows at the generator be monitored on a continual basis - Chapter 4 
section 7.3. 

The proponent is required to follow the Transmission System Code with respect to protections and 
telecommunications. New facilities will have to be coordinated with existing schemes. The protection 
system must be fully duplicated and supplied from separate sources. 

4.1 QFW interface – Special Protection System 

Transmission flows are determined by the pattern of loads and generation, and the characteristics of the 
transmission system at any given time.  These factors are inherently somewhat unpredictable due to the 
random availability of transmission and generation facilities, the effect of weather on load levels and the 
dispatch of generation based on market mechanisms. 

Congestion is the condition under which the trades that market participants wish to implement exceed 
the capability of the IESO-controlled grid.  It usually requires the IESO to adjust the outputs of 
generators, decreasing it in one area to relieve the constraint and increasing it in another area to meet the 
load requirements. 

The power transfer capability of the QFW transmission interface needs to be greater than 2,300 MW to 
avoid constraining existing generation facilities east of the interface and New York – Niagara imports.  
Without the QFW transmission reinforcement, the existing QFW interface with its summer power 
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transfer capability of about 1,750 MW can cause congestion.  The addition of Beck#1 G7 and any other 
new generation east of the interface may aggravate conditions where constraints occur. 

If dispatch instructions from the IESO cause Beck#1 G7 to deviate from its market schedule due to 
congestion on the interface, Ontario Power Generation would be eligible to receive congestion 
management settlement credit (CMSC) payments. 

In the future, if the frequency of constraints or associated electricity market costs to relieve congestion 
on the QFW interface increase materially, the IESO may recommend the installation of a special 
protection system (SPS) capable of rejecting generation east of the QFW interface.  The installation of an 
SPS would be expected to increase the power transfer capability of the interface and thereby, relieve any 
congestion. 

 

Should a SPS be installed, Beck#1 G7 will be required to connect and to participate in the SPS by 
installing appropriate protection and control facilities at Beck#1 G7. 

Therefore, the design of protection and control facilities at Beck#1 G7 must not preclude the 
installation of protection and control facilities for a SPS should it be required in the future. 

 

– End of Section – 
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5. Review of connection proposal 

5.1  Connection Arrangement 

The new generator will be connected on the 115 kV, 60 Hz “E-7” Bus in Beck#1 GS as illustrated by the 
following figure:  

 

Figure 1: Location of Beck#1 G7 

*The disconnect switch E7-E17 is a new switch required to replace existing E7DBO owned by Hydro 
One. 6E-7 is a new switch to be installed by Hydro One in preparation for G7 upgrade. 

5.2 Data verification 

 

The specifications for the generator and major electrical components as provided by Ontario Power 
Generation are listed below: 
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Table 1: Generator data 

Identifier SAB 1 G7 

Type Salient Pole 

Frequency (Hz) 60 

Maximum Continuous Rating (summer, winter) 61.6 61.6 

Rated capability (MVA) 68.5 

Rated voltage (kV) 13.8 

Power factor  0.9 

Total rotational inertia of generator and turbine 3.2 

Speed (RPM) 225 

Normal loading ramp rates (MW/min) 68.5 68.5 

Emergency loading ramp rates (MW/min) 68.5 68.5 

Armature and field resistance (Ohm) 0.0033 0.131 

Saturation at rated voltage (S1.0) and 20% above rated voltage (S1.2) 0.104 0.39 

Base field current (A) 578 

Base field voltage (V) 75.8 

Excitation system model ESST1A 

Power system stabilizer model PSS2A 

Speed governor model HYGOV 

 

Table 2: Step-up Transformer data 

Identifier T7 

Station SAB 1 

Configuration 3-phase 

Temperature rise (degC) 65 

Cooling types ONWF 

Thermal rating (MVA) 68.5 

Summer 30degC continuous, 15 minute and 10 day 
thermal ratings (MVA) 

68.5 68.5 68.5 

Connection type H-wye L-delta  

Rated voltage for each winding (kV) 115 13.2  

Rated capability for each winding (MVA) 68.5 68.5  

Positive sequence impedance/base MVA 9.39/68.5 

Off load taps 123.63 120.75 117.88 115.00 112.13 
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On load taps Not available 

Core and excitation losses (kW) 30 

Table 3: Breaker data 

Identifier 20HT7 

Station  SAB 1 

Rated voltage (kV) 145 

Interrupting time (ms) 40 

Interrupting media SF6 

Rated continuous current (A) 1200 

Rated symmetrical short circuit capability (A) 40000* 

* The Transmission System Code requires 50000 A. The highest short-circuit current on the 115kV bus 
in Beck#1 GS, according to Hydro One short circuit study, is 31124 A so the proposed 40000 A rating of 
this breaker is sufficient. 

Table 4: Disconnect Switches data 

Identifier 20HT7-T and 20HT7-E 

Station SAB 1 

Voltage rating (kV) 115/121 

Type Disconnect 

Continuous rating current (A) 1200 

  

Identifier 6E-7 

Station  SAB 1 

Nominal voltage (kV) 115 

Maximum continuous operating voltage (kV) 127 

Continuous current (A) 1200 

Short circuit withstand (kA) 50 

BIL rating (kV) 550 

Type Air break, non-motorized, gang operated 

 

The proposed equipment satisfies the IESO requirements for connection. 

– End of Section – 
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6. System description 

6.1 Existing Transmission 

Allanburg 115 kV Local Area is the portion of 115 kV system bounded by Allanburg TS 230/115 kV 
autotransformers (T1, T2, T3 and T4), Beck#1 GS E bus and DeCew Falls GS including Vineland TS 
and Beamsville TS. Details of Allanburg 115 kV area are provided in the figure below: 

 
 

Figure 2: Allanburg 115 kV Local Area 

The new generator is connected to Beck#1 GS E bus. 

6.2 Demand forecast 
 

The IESO demand forecast for extreme weather summer peak shows a continuous growth over the next 
few years. For the whole province, the average growth is 1.28% per year, for Niagara area is 0.48% per 
year (please refer to the table below).  
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Table 5: IESO extreme weather summer demand forecast 2007 - 2013 
Demand 
(MW) Bruce East Essa Niagara NorthEast NorthWest Ontario Ottawa SouthWest Toronto West 

Jul-07 56 2,183 1,054 1,072 1,406 890 27,622 1,907 5,351 10,272 3,431 

Jul-08 58 2,221 1,059 1,077 1,426 897 27,968 1,921 5,456 10,387 3,466 

Jul-09 60 2,227 1,097 1,082 1,454 904 28,380 1,943 5,565 10,544 3,503 

Jul-10 60 2,284 1,094 1,087 1,482 911 28,678 1,954 5,604 10,617 3,585 

Jul-11 62 2,318 1,100 1,092 1,524 912 29,042 1,974 5,698 10,728 3,633 

Jul-12 64 2,355 1,097 1,096 1,551 916 29,403 1,999 5,810 10,845 3,671 

Jul-13 66 2,394 1,091 1,100 1,579 919 29,764 2,021 5,924 10,962 3,708 

  
Growth 
(%)                       

Jul-07 3.53 1.74 0.45 0.51 1.42 0.79 1.25 0.75 1.95 1.12 1.02 

Jul-08 4.32 0.29 3.56 0.48 1.94 0.76 1.47 1.15 2.00 1.51 1.07 

Jul-09 4.32 0.29 3.56 0.48 1.94 0.76 1.47 1.15 2.00 1.51 1.07 

Jul-10 0.60 2.57 -0.25 0.48 1.94 0.77 1.05 0.58 0.69 0.68 2.32 

Jul-11 3.21 1.47 0.56 0.39 2.85 0.17 1.27 1.02 1.69 1.05 1.36 

Jul-12 2.32 1.61 -0.28 0.37 1.72 0.42 1.24 1.22 1.96 1.10 1.03 

Jul-13 3.02 1.66 -0.51 0.38 1.81 0.36 1.23 1.13 1.96 1.07 1.01 

 

The study area is considered summer critical.  

 

– End of Section – 
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7. System impact studies 

7.1 Short Circuit Assessment  
The fault level analysis was performed to identify any breakers whose fault interrupting capability would 
be inadequate for the projected fault levels arising from the incorporation of the project. This assessment 
was performed by Hydro One. The results show that no breaker in the area affected by the new generator 
is exceeding the fault interrupting capability: 

Table 6: Comparison of short circuit currents and Beck#1 G7 contribution 
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* Represents the total short circuit current with the line breakers L9L12 and L10L11 closed.  

 

This calculation was performed assuming the following pre-fault voltage levels:  

- For nominal 220 kV buses – 250 kV 

- For nominal 118 kV buses – 127 kV 

The results with Beck#1 G7 in service were compared against the lowest rating breaker at each station. It 
was determined that addition of Beck#1 G7 doesn’t affect the current status of all breakers: 
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Table 7: Short circuit vs. breaker capability with Beck#1 G7 out of service 
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Table 8: Short circuit vs. breaker capability with Beck#1 G7 in service 
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*Represents the highest infeed current for the line breakers L9L12 and L10L11. 

** Hydro One indicated that the air-blast replacement program for Nanticoke, which is to be in 
service by the end of 2009 will address the issue of Nanticoke by replacing the breakers with new 
ones having a asymmetrical rating of 84 kA.  

 

The addition of Beck#1 G7 increases the short circuit currents at Allanburg 115 kV but doesn’t currently 
exceed any breaker capability. The breaker capability values shown in tables 7 and 8 were confirmed by 
Hydro One.  



7. System impact studies IESO_REP_0398 

14 Public Issue 1.0 – July 25, 2007 

7.2 Study Assumptions 
 

The study base case contains all existing generation and transmission facilities that have been committed 
or are under construction. 
 
Two base cases were prepared for this study: 

- Summer high load – based on values collected on Aug 01, 2007 hour 16:00. 

- Summer low load – based on values collected on Aug 01, 2007 hour 06:00. 

For non industrial loads hour 06:00 is on an average 60% of hour 16:00 which represents a good 
approximation for a low load scenario. For the high load scenario the loads were scaled up to the Aug 
2009 extreme weather forecast while the low load scenario was left unchanged.  

For both base cases the following scenarios were studied to verify the impact of the new generator: 
 

(a) Loss of circuit Q12S from Beck#1 GS to Glendale TS; 

(b) Loss of circuit Q11S from Beck#1 GS to Glendale TS; 

(c) Loss of circuit Q4N from Beck#1 GS to Murray TS; 

(d) Loss of circuit Q2AH from Beck#1 GS to Allanburg TS;  

(e) Loss of Beck#1 G7; 

(f) Breaker failure T4H at Allanburg TS associated with loss of Q2AH; 

(g) Breaker failure L4L36 at Murray TS associated with loss of Q4N. 

Transient analysis was performed for the following contingencies/scenarios: 

(a) Loss of Q4N from Beck#1 GS to Murray TS for a short circuit located close to Beck#1 GS – for 
high and low load with Beck#1 G7 out of service and in service; 

(b) Loss of Q12S from Beck#1 GS to Glendale TS for a short circuit located close to Beck#1 GS – 
for high and low load with Beck#1 G7 out of service and in service; 

7.3 Power System Analysis 
Load flow studies were performed to determine the impact of the Project on the local transmission 
facilities to confirm that the ratings of the existing transmission facilities, with consideration to the 
various modes of operation particular to the area, will be adequate to accommodate the proposed 
development, as well as whether generation rejection or generation run-back facilities will be required to 
respond to contingency conditions and to avoid overloading the remaining transmission facilities 
following a system contingency.  

The thermal ratings of the existing transmission facilities were verified against simulated load flows to 
identify the system upgrades that may be required to allow the new facility output be accommodated 
with all existing transmission elements in-service. 

 

The following table shows the 10 highest stressed elements and the contingency causing that stress: 
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Table 9: Highest loaded 10 elements in Allanburg 115kV area 

Monitored Element Contingency  Base Flow 
STE 
Rate % 

BECK1 60 118.05 STANLYQ4 118.05 1 T4H 158.66 138.51 114.5 
ALLANB60 118.05 KALAR37 118.05 1 L4L36 83.49 334.16 24.9 
BECK1 60 118.05 WARN J11 118.05 1 Q12S 94.05 151.30 62.1 
KALAR37 118.05 MURRAY 118.05 1 L4L36 63.13 334.16 18.9 
DRESSJQ4 118.05 NIAG J 118.05 1 T4H 124.75 198.86 62.7 
MURRAY 118.05 NIAG J 118.05 1 T4H 124.75 198.86 62.7 
DRESSJQ4 118.05 STANLYQ4 118.05 1 T4H 125.38 222.98 56.2 
BECK1 60 118.05  NOTL M J 118.05 1 Q11S 94.82 198.30 47.8 
HOLNDJQ2 118.05 BECK Q2J 118.05 1 L4L36 74.90 231.77 32.3 
BECK1 60 118.05 BECK Q2J 118.05 1 L4L36 74.91 231.77 32.2 

The 115 kV circuit Q4N from Beck#1 GS to Stanley TS is overloaded. This circuit has a very low rating 
and Hydro One has an active plan to upgrade it. The following table shows the loading of Q4N from 
Beck#1 GS to Stanley TS for all studied scenarios that don’t take this circuit out of service. 

Table 10: Q4N circuit between Beck#1 GS and Stanley TS - loading 

Contingency  Monitored Element % Flow 
Flow 
Change 

STE 
Rate 

All I/S  BECK1 60 118.05 STANLYQ4 118.05 1 114.5 158.66 0 138.51 
Q12S  BECK1 60 118.05 STANLYQ4 118.05 1 129.8 179.91 21.25 138.51 
Q11S  BECK1 60 118.05 STANLYQ4 118.05 1 130.9 181.41 22.75 138.51 
Q2AH  BECK1 60 118.05 STANLYQ4 118.05 1 142.9 198.13 39.47 138.51 
G7  BECK1 60 118.05 STANLYQ4 118.05 1 97.9 135.75 22.92 138.51 
T4H  BECK1 60 118.05 STANLYQ4 118.05 1 144.5 200.28 41.61 138.51 

The table shows that with all elements in service the planning Short Term Emergency Rating – STE (15 
minute) of this line is exceeded. Analysis of data collected from May 15, 2006 to May 15, 2007 indicates 
this line operated above the planning STE for 27 hours. This was possible because during these hours the 
weather conditions were allowing for a higher operating rate. Simulations indicate that about 38% of 
Beck#1 G7 output go through this circuit which, based on the same assumptions, would increase the 
number of hours this line is required to operate above the STE to 64 (assuming plant output duration 
profile increases proportionally): 

Q4N from Beck 1 to Stanley - May 15/06 to May 15/07
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Figure 3: Q4N from Beck#1 GS to Stanley TS - load duration plot 
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This limitation may require that Beck#1 GS output be reduced under certain weather conditions (ambient 
temperature at or above 35 degC, wind speed 0-4 km/h combined with high water availability)  in order 
to avoid overloading this circuit. Hydro One doesn’t currently have an application filed with the IESO 
for upgrading this circuit. They were notified about this problem on May 18, 2007. On June 01, 2007 
Hydro One stated that they are aware of this problem and have an active project to correct it. It is 
expected that when complete, this upgrade will allow the full output of Beck#1 GS be delivered under 
any weather conditions.  

Currently the Q4N circuit from Beck#1 GS to Stanley TS may bottle the output of Beck#1 GS under 
certain weather conditions: ambient temperature above 35 degC, wind from 0 to 4 km/h combined with 
high water availability. If dispatch instructions from the IESO cause Beck#1 G7 to deviate from its 
market schedule due to line congestion, Ontario Power Generation would be eligible to receive 
congestion management settlement credit (CMSC) payments. 

The following table shows the 10 most limiting elements on the path from Beck#1 GS to Allanburg: 

Table 11: Most limiting 10 elements from Beck#1 to Allanburg 

Monitored Element 
Network 
Label 

Base 
Flow 

Maximum 
Flow Rate 

Available 
Capacity 

BECK1 60 118.05 STANLYQ4 118.05 1 T4H 158.66 200.28 128.82 -71.46 
ALLANB60  118.05 KALAR37 118.05 1 L4L36 83.49 318.72 334.16 15.44 
BECK1 60 118.05 WARN J11 118.05 1 Q12S 94.05 146.65 151.30 4.65 
DRESSJQ4 118.05 NIAG J 118.05 1 T4H 124.75 167.36 198.86 31.50 
MURRAY 118.05 NIAG J 118.05 1 T4H 124.75 167.36 198.86 31.50 
KALAR37 118.05 MURRAY 118.05 1 L4L36 63.13 264.6 334.16 69.56 
DRESSJQ4 118.05 STANLYQ4 118.05 1 T4H 125.38 168.51 222.98 54.47 
BECK1 60 118.05 NOTL M J 118.05 1 Q11S 94.82 142.94 198.30 55.36 
GIBSNJD1 118.05 THOROLD1 118.05 1 L4L36 11.89 12.09 103.83 91.74 
GIBSNJD3 118.05 THOROLD3 118.05 1 Q12S 11.66 11.75 103.83 92.08 

These results were obtained with all currently available units at Beck#1 in service plus G7. Even not 
recognized for local areas, breaker failures were also included on the contingency list to verify and 
eventually confirm the strength of this local system. Except for the Q4N circuit from Beck#1 GS to 
Stanley TS all other elements are expected to operate below the Short Term Emergency Rating (15-
minutes) for all recognized (and some non-recognized) contingencies.  

Table 12: Beck#1 - G7 influence over Allanburg autotransformers 

  G7 - O/S G7 - I/S Change 
Element Rate Flow (MVA) % Flow (MVA) % Flow (MVA) % 
Allanburg T1 225 149.02 66.23 138.4 61.51 10.62 4.72 
Allanburg T2 250 150.05 60.02 139.42 55.77 10.63 4.25 
Allanburg T3 250 144.13 57.65 133.45 53.38 10.68 4.27 
Allanburg T4 250 124.06 49.63 117.22 46.89 6.84 2.74 

 

The above table shows that bringing Beck#1 – G7 in service for the high demand scenario has a 
beneficial impact over the Allanburg autotransformers loading. 
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7.4 Voltage Decline Studies 
Voltage decline studies were performed to examine the effect of the loss of the new generation facility 
on local voltages to determine if the voltage declines are in excess of the voltage change limits specified 
in the IESO Transmission Assessment Criteria document and the effect of transmission contingencies 
resulting in the loss of the new generating facility on local voltages. 

The following table shows the results of the PSS/E ACCC analysis for the high load and low load cases 
for the loss of G7, before and after tap action: 

Table 13: Results of ACCC analysis 

Base Case Contingency Low Range Violations # Deviation Violations # 
High load, before tap action BECK-G7 0 0 
High load, after tap action BECK-G7 0 0 
Low load, before tap action BECK-G7 0 0 
Low load, after tap action BECK-G7 0 0 

All elements in and connected to Allanburg 115 kV area were monitored for low range and voltage 
deviations per the Ontario Resource and Transmission Assessment Criteria, Section 4.3: 

- Buses with 115 kV nominal voltage: 10% change before tap action, 10% change after tap action 
and within the range 108 kV to 127 kV 

- Buses with less than 50 kV nominal voltage: 10% change before tap action, 5% change after cap 
action and within the range 88% of nominal to 112% of nominal.  

As an example, the following tables are showing the 10 highest changes for the high load scenario, 
before and after tap action. The low load scenarios resulted in even lower voltage fluctuations.  

Table 14: High load, pre tap action - 10 highest voltage changes 

Bus Violation Voltage Magnitude (P.U.) Voltage Change (P.U.) 
BECK1 60    118.05 0 1.0385 -0.0016 
BECK Q2J    118.05 0 1.0385 -0.0016 
PORTLJQ3    118.05 0 1.0345 -0.0016 
STANLYQ3    118.05 0 1.0343 -0.0016 
STANLYJQ    13.800 0 1.0420 -0.0015 
STANLYBY    13.800 0 1.0515 -0.0014 
ST AUT12    27.600 0 1.0076 -0.0014 
ST AUT34    27.600 0 1.0076 -0.0014 
NOTLM2B2    27.600 0 1.0572 -0.0013 
NOTLM2B1    27.600 0 1.0493 -0.0013 

Table 15: High load, post tap action - 10 highest voltage changes 

Bus Violation Voltage Magnitude (P.U.) Voltage Change (P.U.) 
BECK1 60    118.05 0 1.0385 -0.0017 
BECK Q2J    118.05 0 1.0385 -0.0016 
PORTLJQ3    118.05 0 1.0345 -0.0016 
STANLYQ3    118.05 0 1.0343 -0.0016 
STANLYBY    13.800 0 1.0515 -0.0015 
ST AUT12    27.600 0 1.0076 -0.0014 
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ST AUT34    27.600 0 1.0076 -0.0014 
NOTLM2B2    27.600 0 1.0571 -0.0014 
NOTLM2B1    27.600 0 1.0492 -0.0014 
NOTL MTS    27.600 0 1.0394 -0.0013 

 

7.5 Transient Stability Analysis 
Transient studies were performed to demonstrate that the generator control systems (excitation and 
governor) meet the performance standard requirements of Appendix 4.2, Reference 12, of the Market 
Rules: 

 

7.5.1 Exciter test results 

Transient simulations were performed to determine the response ratio and open-circuit of the exciter. 
The rated field voltage, field voltage ceiling and voltage response time were determined. The results are 
shown in the figures below:  

 

Figure 4: Ratio response test for Beck#1 G7 

The above figure shows that the field voltage ceiling is higher than twice the rated field voltage.  
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Figure 5: Open-circuit test results for Beck#1 G7 

The response time of the exciter is less than 50 ms. 

  

7.5.2 Speed governor test results 

Transient simulation was performed to determine the speed governor speed droop which is required to be 
between 3% and 7%. It was determined that the speed governor droop of G7 is within this range: 

 

Figure 6: Governor test results for Beck#1 G7 
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The hydraulic governor droop of the model used in this study is 3.5 % which is within the required 
range. 

 

7.5.3 Dynamic stability test results 
 

Using the data provided by the applicant, transient stability studies were performed to determine the 
dynamic performance of the new unit and its control systems on the transient stability behaviour of the 
system for most critical single element contingencies in the area. Machine rotor angles, transient 
voltages, transient real and reactive power flows were monitored to assess the impact of the new 
facilities on the speed and magnitude of the transient response of the system. The results with and 
without G7 in service were compared to determine the impact of the new generator.  

The following scenarios were simulated: 

- Extreme weather summer 2009, loss of Q4N due to a fault close to Beck#1 GS 

- Extreme weather summer 2009, loss of Q12S due to a fault close to Beck#1 GS. 

It was determined that G7 presence does not substantially deteriorate the transient response of the local 
system. 

Calculation of fault clearing time for both scenarios is provided in Appendix C.  

 

Figure 7: Machine rotor angles at Beck#1 and DeCew for Q4N fault close to Beck#1 GS 
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Figure 8: Machine rotor angles at Beck#1 and DeCew for Q12S fault close to Beck#1 GS 

The results show that, for both contingencies studied, the new Beck#1 G7 hydraulic generating unit 
displayed stable performance and the system oscillations were well damped. 

 
 

Figure 9: Allanburg 115 kV voltage for Q4N and Q12S faults with and without G7 
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Figure 10:  Beck#1 GS 60 Hz, 115 kV voltage for Q4N and Q12S faults with and without G7 

 
Figure 11:  DeCew 115 kV voltage for Q4N and Q12S faults with and without G7 

The results show that the starting voltage, sag and duration of post-fault transient undervoltages remain 
almost unchanged after connecting G7. The minimum post-contingency voltage sag remains above 70% 
of the nominal voltage and doesn’t go below 80% of the nominal voltage for more than 250 ms within 10 
seconds following the fault (full 10 second diagrams in Appendix B).  
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Figure 12: Machine active power for Q4N fault close to Beck#1 GS 

 

Figure 13: Machine active power for Q12S fault close to Beck#1 GS 
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Figure 14: Machine reactive power for Q4N fault close to Beck#1 GS 

 

Figure 15: Machine reactive power for Q12S fault close to Beck#1 GS 

The results show that post-contingency oscillations were well dumped. The highest amplitude of these 
oscillations were noticed at DeCew. 
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Figure 16: Beck#1 G7 parameters for Q4N fault close to Beck#1 

 

Figure 17: Beck#1 G7 parameters for Q12S fault close to Beck#1 

According to the proponent, the in-service modeling parameters of Sir Adam Beck #1 - G6 exciter and 
governor, which was submitted with the SIA Application, should have been used for the study of Sir 
Adam Beck #1 - G7. 

The proponent is responsible for ensuring that the performance of the equipment that is eventually 
supplied and installed in this generation facility is similar to the predicted performance or exceeds the 
predicted performance observed in the simulation results obtained using provided equipment models and 
data. 

     – End of Section – 
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Appendix A:  Generator Capability Curves 
 

  
Figure 18: Beck G6 capability curves and extrapolation for G7 

 – End of Section –
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Appendix B:  Post-contingency transient 
voltage plots at Beck#1, 
Allanburg and DeCew 

 

Figure 19: Fault on Q4N close to Beck#1 GS – 10 second plot 

 

Figure 20: Fault on Q12S close to Beck#1 GS – 10 second plot 

– End of Section –
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Appendix C:  Calculation of Fault Clearing 
Time 

The following tables shows the Fault Clearing Time calculation for Q4N and Q12S faults close to 
Beck#1 GS. 

Table 16: Fault clearing time for a Q4N fault close to Beck#1 GS 

 

Table 17: Fault clearing time for a Q12S fault close to Beck#1 GS 

 

– End of Section –
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