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Course 5: Preventing Voltage Collapse

Exercises

Module 5.1 A Voltage Collapse Scenario

5.1.1  Edge of Voltage Collapse Case

Load the Noon case and start the PowerSimulator

Open both ends of the Crawford-Oakdale 1 & 2 lines.

Ramp the Crawford 2 unit down to 200 MW at 200 MW/minute.

Now Open Both ends of the Amus-Baker Line.

Make a snapshot of this case. Retrieve this snapshot if your actions cause a system blackout.

5.1.2  Lines Absorbing Mvars

From the System Map find the overloaded lines. Note down their MVA loads.

Which lines are absorbing more than 50 Mvars?

A. Grange-Farlie 1, Grange-Farlie 2, Ricter-Doyle

B. Ash-Amus 1, Ash-Amus 2, Moses-Homer

C. Nestle-Airport, Homer-Grange 1, Homer-Grange 2

5.1.3 Ricter Cap Bank

What happens if you trip the Ricter 1 Cap Bank?

A. Voltage Collapse

B. Ricter Bus Voltage decreases by 10%

C. Ricter 138 kV Bus Voltage decreases by 5%

5.1.4 Cut Interchange Schedule

Will cutting the schedule between the PALCO Control Area with the EXCO Control Area from 450 MW back to Zero help or hurt the Voltage Stability?

A. Help

B. Hurt

5.1.5 Add Remove Lines

Will the following actions help or hurt the voltage stability.

Take heavily loaded lines out of service to reduce their Mvars absorbed?

A. Help

B. Hurt

5.1.6 Add Shunt Capacitors

Will the following actions help or hurt the voltage stability?

Add shunt capacitors at Beaver and Copmanor to supply more Mvars?

A. Help

B. Hurt

5.1.7 Remove Shunt Reactor

Will the following action help or hurt the voltage stability?

 Remove the Shunt Reactor at Tanton.

A. Help

B. Hurt

5.1.8  Raise Low Side Voltages

Will the following action help or hurt the voltage stability.

Raise the Low Side Tap of the Ricter 138:69 kV bank to raise the low side voltages?

A. Help

B. Hurt

5.1.9  Put Generator AVRs on Manual

Will the following actions help or hurt the voltage stability.

Put units Farlie, Homer and Doyle, which are close to their maximum MVAR limits on manual control?

A. Help

B. Hurt

5.1.10 Actions to Mitigate Mid-Term Voltage Instability

What actions can the operator generally take to mitigate Mid-Term Voltage Instability that occurs within minutes following a line outage or generator trip contingency.

A. Set up the system in the pre contingent state to ensure the most severe contingency will not cause voltage collapse.

B. Shed load

C. Add capacitors assuming some are available

D. All of the above.

5.1.11 Actions to Mitigate Long-Term Voltage Instability

What actions can the operator generally take to mitigate Long-Term Voltage Instability?

A. Set up the system in the pre contingent state to ensure the most severe contingency will not cause voltage collapse.

B. Shed load once the voltages start to decline.

C. Add capacitors once the voltages start to decline?

D. All of the above.

Module 5.2 Voltage and MVAR Characteristics of Generators

5.2.1  Maximum MVAR Limit for Amus

This exercise will demonstrate that the Amus unit can raise its terminal voltage until it reaches its maximum MVAR output limit.

Load the 6:00 AM case.

Call up the Bus Sections Tabular display and filter this to Amus.

Increase the kV Set point for Amus until the maximum MVAR output is reached.

Which pair of values is closest to the Amus maximum MVAR output and corresponding terminal voltage?

A. 128 Mvars and 24.39 kV

B. 128 Mvars and 25.39 kV

C. 164 Mvars and 24.39 kV

D. 164 Mvars and 24.19 kV

5.2.2 Unity Power Factor for Amus

This exercise will demonstrate that there is a terminal voltage where the Amus unit will not produce or absorb any Mvars.

Load the 6:00 AM case.

Vary the set point for Amus down in steps of .1 kV.

At what set point does Amus most closely approach unity power factor?

A. 23.8 kV

B. 23.0 kV

C. 23.5 kV

D. 24.2 kV

5.2.3  Minimum MVAR Limit for Amus

This exercise will demonstrate that the Amus unit can reduce its terminal voltage until it reaches its minimum MVAR output limit.

Load the 6:00 AM case.

Call up the Bus Sections Tabular display and filter this to Amus.

Decrease the kV set point for Amus until the units reaches its Minimum MVAR limit.

Which pair of values is closest to the Amus minimum MVAR output and corresponding terminal voltage?

A.  -24 Mvars and 24.39 kV

B. -128 Mvars and 22.09 kV

C.   -91 Mvars and 22.93 kV

D. -198 Mvars and 24.19 kV

5.2.4 Maximum MVAR Limit for Amus at Reduced MW Loading

This exercise will demonstrate that the Amus generator MVAR output is determined by a MVAR capability curve. The maximum MVAR output decreases as the MW output increases.

Load the 6:00 AM case.

Ramp the Amus unit down to 50 MW.

Call up the Bus Sections Tabular display and filter this to Amus.

Increase the kV set point until the Amus unit reaches it maximum MVAR limit.

Which pair of values is closest to the Amus Maximum MVAR output and corresponding terminal voltage?

A. 128 Mvars and 24.39 kV

B. 218 Mvars and 24.84 kV

C. 256 Mvars and 24.84 kV

D. 164 Mvars and 24.19 kV

5.2.5  Impact of Locher AVR in Manual

This exercise will demonstrate that the Locher unit is not responsive to system changes and may not hold a good voltage profile when its AVR is on MANUAL. 

Load noon case 

Call up the Locher display.

Enter a MVAR set point value of 112 Mvars for the Locher Unit.

Put the Locher Unit in Manual AVR Mode.  

Record the voltage at the Nestle 230 kV bus.   

Record the MVAR output of the Locher unit.    

Take the Oakdale-Crawford 1 & 2 lines out of service.

Record the voltage at the Nestle 230 kV bus.  

Record the MVAR output of the Locher unit    

This scenario is continued, so leave PowerSimulator running.

What happens to the voltage at Nestle as a result of the Oakdale-Crawford 1&2 Line outages?

A. Increases from 217 to 220 kV

B. Does not change

C. Decreases from 225 kV to 217 kV

What happens to the Locher MVAR output?

A. Increases from 112 Mvars to 224 Mvars

B. Does not change

C. Decreases from 112 Mvars to 56 Mvars

5.2.6 Impact of Locher AVR in Auto

This is a continuation of the previous exercise.

It will demonstrate that the Locher generator can be highly responsive to system changes and can maintain a good voltage profile when its Automatic Voltage Regulators is on AUTO and it has reserve MVAR capacity. 

As a following step to the previous exercise, put Locher unit into AVR AUTO Mode. Use the Generator MVAR Controls Tabular display to do this.

What happens to the voltage at Nestle?

A. Increases from 217 to 220 kV

B. Does not change

C. Decreases from 220 kV to 217 kV

What happens to the Locher MVAR output?

A. Increases from 112 to 124 Mvars

B. Does not change

C. Increases from 112 to 189 Mvars

Module 5.3 Voltage and MVAR Characteristics of Transmission Lines

5.3.1 Load up Homer-Grange 1 and Homer-Grange 2 Line

You isolated the Homer Unit to feed the Homer-Grange 1 and Homer-Grange 2 lines in parallel and ramped the Homer unit up to 600 MW.

What is the overload on these lines?

A. 120%

B. 130%

C. 145%

D. 160%

5.3.2 Effect of Line Trip

What will be the effect if the Homer-Grange 1 line trips out of service?

A. Mid-term Voltage collapse

B. Long-term Voltage collapse

C. Transient instability

5.3.3 Operator Corrective Actions

What corrective actions could the operator take to prevent voltage collapse after the contingency occurs?

A. Shed Load

B. Add Capacitor Banks

C. Raise kV Setpoints

D. Reschedule Generation

E. None

5.3.4 Maximum Unit Output

What is the maximum MW that the Homer unit can generate and not have an outage of either the Homer-Grange 1 or Homer-Grange 2 line cause a voltage collapse?

A. 580 MW

B. 550 MW

C. 500 MW

D. 400 MW

5.3.5 Line Loading Levels

You reloaded the 6:00 AM case and calculated the MVAR losses for the following lines out of Farlie:

· Farlie-Ells

· Farlie-Doyle

· Farlie-Grange 1

· Farlie-Grange 2

Which line is below its Surge Impedance Loading?

A. Farlie-Ells

B. Farlie-Doyle

C. Farlie-Grange 1

D. Farlie-Grange 2

5.3.6 SIL for Amus-Ash 2 Line

You then reconfigured the Amus station so that the AMUS unit is feeding just the Amus-Ash #2 line.  You decreased the Amus unit to 60 MW noting the MWs flowing into the line when the Mvars in at Ash equal the MVAR flow out at Amus. 

Based on your results select the value that is closest to the SIL for the Amus-Ash #2 line: 

A. 60 MW

B. 130 MW

C. 160 MW

D. 200 MW

Module 5.4 Transmission Lines with Radial Loads

5.4.1 Effect of Capacitance at the Load

The objective of this exercise is for you to see the effect of capacitor compensation at the load bus.   You loaded the 6:00 Am case, disable Feeder 2 and 3 for the Grange A load.   You then isolated the Homer-Grange 1 line so that it just feeds the Grange A load. You entered a non-conforming Grange A load of 500 MW and -250 Mvars and increased the non-conforming load keeping the same ratio between MW and Mvars until the voltage collapses.

What value is closest to the MW loading at the Homer end of the Homer-Grange 1 line when voltage collapse occurs?

A. 650 MW

B. 680 MW

C. 717 MW

D. 752 MW

5.4.2 Effect of Reactance at the Load

The objective of this exercise is for you to see the effect of adding reactive load at the load bus.  You loaded the 6:00 Am case, disable Feeder 2 and 3 for the Grange A load.   You then isolated the Homer-Grange 1 line so that it just feeds the Grange A load.  You entered a non-conforming Grange A load of 300 MW and 150 Mvars and increased the non-conforming load keeping the same ratio between MW and Mvars until the voltage collapses.

What value is closest to the MW loading at the Homer end of the Homer-Grange 1 line when voltage collapse occurs?

A. 306 MW

B. 336 MW

C. 356 MW

D. 376 MW

5.4.3 Effect of Adding Reactive Load at Grange on Critical Voltage

Which statement is correct:

A. Adding reactive load at Grange will increase the critical voltage at the receiving end.

B. Adding reactive load at Grange will decrease the critical voltage at the receiving end.

5.4.4 Effect of Adding Reactive Load at Grange on Power Transfer Limit

Which statement is correct:

A. Adding reactive load at Grange will  increase the maximum power transfer limit.

B. Adding reactive load at Grange will decrease the maximum power transfer limit.

5.4.5 Raise Homer Setpoint to 26 kV

The objective of this exercise was for you to see the effect of raising the voltage at the sending end of the line.  You loaded the 6:00 Am case, disabled Feeder 2 and 3 for the Grange A load, and isolated the Homer-Grange 1 line so that it just feeds the Grange A load.  You opened Breaker 2 at Grange and raised the kV setpoint for the Homer unit to 26 kV.

You entered a non-conforming Grange A load of 400 MW and 0 Mvars, increasing the non conforming load keeping the same ratio between MW and Mvars until the voltage collapses.

What value is closest to the MW loading at the Homer end of the Homer-Grange 1 line when voltage collapse occurs?

A. 450 MW

C. 495 MW

D. 550 MW

E. 580 MW

Module 5.5 Shunt Capacitors and Reactors

5.5.1 MVAR versus Voltage Characteristics

In this exercise you will develop the MVAR versus voltage characteristic for the Ricter 1 capacitor bank. This bank is rated to produce 50 Mvars at a nominal voltage of 138 kV and a nominal frequency of 60 Hz.

 The voltage on the Ricter 2 138 kV bus will be varied by isolating the Beaver A load so that it is fed radially from the Ricter 138:69 kV transformer.

You will add and subtract non-conforming load to the Beaver A load. As the Beaver A load is increased the voltage on the Ricter 2 bus will be decreased and the Mvars provided by the Ricter 1 capacitor bank will be decreased.

Load the 6:00 AM case and start PowerSimulator.


At Beaver open Breaker 1 to open the Beaver-Pool 69 kV line.

At Beaver open Breaker 6 to open the Beaver-Stanton 69 kV line.

Inspect the Ricter and Beaver station diagrams and verify that the Beaver A load is fed radially from the Ricter 82 138:69 kV Transformer.
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Take the first reading with non-conforming load at Beaver A equal to -60.

Record Non-conforming Beaver A Load, Voltage on the Ricter 230 kV Bus 2, and MVAR output of the Ricter 1 Capacitor Bank.

Take readings for non-conforming load values increasing in steps of 20 MW up to 80 MW.

Enter the values into the Module Worksheet.

You should see a curve and set of values as shown below. The Calculated V**2 Mvars are computed by multiplying 50 MVAR by the square of the ratio of the Ricter 138 kV Bus 2 voltage divided by 138 kV the nominal voltage.
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5.5.2 Ricter Capacitor MVAR Output

What is the Ricter 230 kV Bus Voltage and the Ricter 1 Capacitor Bank Mvars when the Beaver A Non-conforming load is 80 MW.

A. 128 kV and 43 Mvars

B. 150 kV and 59 Mvars

C. 154 kV and 62 Mvars

5.5.3 Upgrade Ricter Capacitor MVAR Output

If the Ricter 1 Capacitor Bank was upgraded to produce 60 Mvars at a nominal voltage of 138 kV what would the output be at a voltage of 125 kV?

A. 49 Mvars

B. 60 Mvars

C. 65 Mvars

5.5.4 Large Non-Conforming Load at Beaver

What happens when you add a non-conforming load of 110 MW to Beaver A?

A. The system operates within is Operating Security Limits

B. Voltage Collapse Occurs.

C. Transient Instability Occurs

5.5.5 Impact of Weak Bus at Beaver

Load the 6:00 AM case and start PowerSimulator.  Call up the Beaver station and implement the following operating order. Be warned you will be instructed to take certain actions that will cause dangerous over voltages. The objective of this lesson is to train you to recognize these situations so that you can avoid similar problems on your own system.

	Beaver 

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Add non-conforming load of 60 MW to Beaver A

	2
	
	Read Beaver 69 kV Bus 1 Voltage
	

	3
	Close Breaker 9 to energize the Beaver1 Cap Bank

	4
	
	Read Beaver 69 kV Bus 1 Voltage
	

	5
	
	Read Beaver 1 Cap Bank Mvars
	

	6
	Close Breaker 2 to energize the Beaver 2 Cap Bank 

	7
	
	Read Beaver 69 kV Bus 1 Voltage
	

	8
	
	Read Beaver 1 Cap Bank Mvars
	

	9
	Open Breaker 1 to open the Beaver-Pool Line

	10
	
	Read Beaver 69 kV Bus 1 Voltage
	

	11
	
	Read Beaver 1 Cap Bank Mvars
	

	12
	Open Breaker 6 to open the Beaver-Stanton Line

	13
	
	Read Beaver 69 kV Bus 1 Voltage
	

	14
	
	Read Beaver 1 Cap Bank Mvars
	


Why did the voltage on the Beaver 69 kV bus increase so dramatically?

A. The voltage support for the Beaver 69 kV bus was weakened

B. The charging Mvars for the Beaver cap bank increased as the square of the voltage

C. There was insufficient local reactive load to absorb the capacitive Mvars

D. All of the above

5.5.6 Finding Capacitors that are Effective at Raising Cheshan Voltages

Load Noon base case and start PowerSimulator. View the system map. 

Which capacitor banks can be switched on to effectively raise the 33 kV bus voltage at Cheshan?

A. Beaver, Ricter, Copmanor, Tanton

B. Beaver, Ricter, Copmanor, Vexley

C. Beaver, Ricter, Copmanor

D. Beaver, Ricter, Copmanor, Oakdale

5.5.7 Finding a Capacitor that is Effective at Raising Vexley and Wynham Voltages

Which capacitor bank can be switched on to effectively raise the 138 kV bus voltage at Vexley and Wynham?

A. Vexley

B. Beaver

C. Ricter

D. None

5.5.8 Finding Capacitors that are Effective at Raising Locher Voltage

Which capacitor banks can be switched on to effectively raise the 230 kV bus voltage at Locher?

A. Vexley

B. Beaver

C. Ricter

D. None

5.5.9 Where does the Capacitor MVAR Output Go?

When the Ricter 2 capacitor bank is added to the system, what happens to most of its MVAR output?

A. It is absorbed by the generating units.

B. It is absorbed by the increase in line I square X losses.

C. It is absorbed by the increased in the load reactive demands.

5.5.10 Getting ahead of the Voltage

The objective of this exercise is to demonstrate the importance of getting Ahead of the Voltage before the morning load pick up.

In the following steps the Ricter 1 Capacitor bank is energized before the load increase at Beaver A.  This corresponds to “Getting Ahead of the Voltage”.

Implement the following procedure using PowerSimulator.

	Beaver and Ricter

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	
	Load the 6:00 AM case and start PowerSimulator

	1
	Verify that the Ricter 1 Capacitor Bank is in service

	2
	Add non-conforming load of 100 MW to Beaver A

	3
	
	Read Ricter 138 kV Bus 2 Voltage
	

	4
	
	Read Ricter 69 kV Bus 3 Voltage
	

	5
	
	Read Mvars for Ricter 1 Capacitor
	


In the following steps the Ricter 1 Capacitor bank is energized after the load increase at Beaver A.  This corresponds to NOT “Getting Ahead of the Voltage”.

Implement the following procedure using PowerSimulator.

	Beaver and Ricter

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	6
	Load the 6:00 AM case and start PowerSimulator

	7
	Open Breaker 9 to remove the Ricter 1 Cap Bank

	8
	
	Read Ricter 138 kV Bus 2 Voltage
	

	9
	
	Read Ricter 69 kV Bus 3 Voltage
	

	10
	Enable LTC for Ricter 82 Transformer – Wait Until tap stops moving.

	11
	
	Read Ricter 82 Transformer Low side tap 
	

	12
	
	Read Ricter 138 kV Bus 2 Voltage
	

	13
	
	Read Ricter 69 kV Bus 3 Voltage
	

	14
	Close Breaker 9 to energize the Ricter 1 Cap Bank

	15
	
	Read Ricter 138 kV Bus 2 Voltage
	

	16
	
	Read Ricter 69 kV Bus 3 Voltage
	

	17
	
	Read Mvars for Ricter 1 Capacitor
	


5.5.11 Reason for Voltage Drop

Why does the Ricter 138 kV voltage decrease after the LTC for the Ricter 82 Transformer is enabled in Step 10?

A. The Ricter 138 kV Bus 2 is a strong bus.

B. The Ricter 69 kV Bus 3 is a weak bus

C. The Ricter 138 kV Bus 2 is a weak bus 

5.5.12 Reason for Voltage Difference

Why is the Ricter 138 kV Bus 2 voltage in Step 15 less than the Ricter 138 kV Bus 2 voltage in Step 3 even though the Ricter 1 capacitor bank is on in both steps?

A. The Transformer is absorbing a lot more Mvars

B. The transformer is transferring a lot more Mvars to the LV network.

C. The system is on the verge of voltage collapse.

5.5.13 Remove and then Add Shunt Reactor at Tanton

What is the purpose of the shunt reactor at Tanton?

A. Decrease the short circuit current on the Tanton 138 kV bus.

B. Absorb the charging Mvars from the cables under light loads.

C. Increase the transient stability of the system for faults on the Tanton 138 kV bus.

D. Absorb the charging Mvars from the cables under heavy loads

Module 5.6 Transformers – Part I Principles of Operation

There are no exercises for this Module, since the Principles of Design and Operation (PDO) section fills the complete hour. All the exercises are contained in Module 7, which does not contain any PDO.

Module 5.7 Transformers – Part II Exercises

5.7.1 Farlie Tap Control

The objective of this scenario was to measure the response of the Farlie 45 transformer when the tap is changed.  You began with the 6:00 AM case and started the PowerSimulator.   The readings you took should be as follows:

	Farlie 

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	
	Read Farlie 230 kV Bus 1 Voltage
	

	2
	
	Read Farlie 138 kV Bus 3 Voltage
	

	3
	
	Read Low side tap for Farlie 45 Bank
	

	4
	
	Read High Mvars for Farlie 45 Bank
	

	5
	
	Read Low side Mvars for Farlie 45 Bank
	

	6
	
	Read High side MW for Farlie 45 Bank
	

	7
	
	Read Low side MW for Farlie 45 Bank
	

	8
	Increase Low Side Tap for Farlie 45 Bank from 0 to 8  

	7
	
	Read Farlie 230 kV Bus 1 Voltage
	

	8
	
	Read Farlie 138 kV Bus 3 Voltage
	

	10
	
	Read Low side tap for Farlie 45 Bank
	

	11
	
	Read High Mvars for Farlie 45 Bank
	

	13
	
	Read Low side Mvars for Farlie 45 Bank
	

	14
	
	Read High side MW for Farlie 45 Bank
	

	
	
	Read Low side MW for Farlie 45 Bank
	


5.7.2 Weak or Strong Bus

Which statement applies to the Farlie 45 Transformer

A. The Farlie 138 kV bus is a strong primary side bus.

B. The Farlie 230 kV bus is a weak primary side bus 

C. The Farlie 230 kV bus is a strong primary side bus 

5.7.3 MVAR Losses

How are the Farlie MVAR losses affected when the tap is raised from 0 to 8?

A. They decrease by 1 MVAR

B. The increase by 3 MVAR

C. They increase by 10 Mvars

5.7.4 Mvars Transferred to Low Side Network

What is the increase in the Mvars transferred into the low side network when the tap is raised from 0 to 8?

A. They decrease by 16 MVAR

B. The increase by 16 MVAR

C. They increase by 32 Mvars

5.7.5 Preparation for Morning Load Pickup

Does it make sense to raise the tap on the Farlie 45 transformer in order to get ahead of the voltage prior to the morning load pick up?

A. Yes

B. No

5.7.6 Ricter 138:69 kV Transformer

The objective of this scenario was to measure the response of the Ricter 82 138:69 kV transformer.  You loaded the 6:00 AM case, started PowerSimulator, and implemented the operating steps.  The following worksheet should match the readings that you took.

	Farlie 

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	
	Read Ricter 138 kV Bus 2 Voltage
	

	2
	
	Read Ricter 69 kV Bus 3 Voltage
	

	3
	
	Read Low side tap for Ricter 82 Bank
	

	4
	
	Read High Mvars for Ricter 82 Bank
	

	5
	
	Read Low side Mvars for Ricter 82 Bank
	

	6
	
	Read High side MW for Ricter 82 Bank
	

	7
	
	Read Low side MW for Ricter 82 Bank
	

	8
	Increase Low Side Tap for Ricter 82 Bank from 0 to 8  

	7
	
	Read Ricter 138 kV Bus 2 Voltage
	

	8
	
	Read Ricter 69 kV Bus 3 Voltage
	

	10
	
	Read Low side tap for Ricter 82 Bank
	

	11
	
	Read High Mvars for Ricter 82 Bank
	

	13
	
	Read Low side Mvars for Ricter 82 Bank
	

	14
	
	Read High side MW for Ricter 82 Bank
	

	
	
	Read Low side MW for Ricter 82 Bank
	


5.7.7 Weak or Strong Bus

Which statement applies to the Ricter 82 Transformer

A. The Ricter 138 kV bus 2 is a strong primary side bus.

B. The Ricter 138 kV bus  2 is a weak primary side bus 

C. The Ricter 69 kV bus 3 is a strong secondary side bus 

5.7.8 Increase in Mvars Transferred

What is the increase in the Mvars transferred into the low side network when the tap is raised from 0 to 8.

A. They decrease by 28 MVAR

B. The increase by 12 MVAR

C. They increase by 32 Mvars

5.7.9 Preparation for Morning Load Pickup

Which is the best approach to get ready for the morning load pickup?

A. Raise the Ricter 82 tap and then add the Ricter 2 capacitor bank only if necessary.

B. Add the Ricter 2 capacitor bank first and then raise the Ricter 82 tap only if necessary.

C. Increase the voltage setpoint of the Doyle unit to 25 kV.

5.7.10 Isolated Transformer High Side at Oakdale 

In this exercise, an extreme condition at Oakdale was created by changing the MVAR load demand and isolating Bus 2 to the Oakdale 74 Transformer.  This demonstration reinforces the problems that can arise if an ULTC is operated in auto control with an isolated high side terminal.

You loaded the 6:00 AM case and started PowerSimulator.  You opened the Oakdale Isolation Trends to plot voltages on Buses 2 and 4
 and also the Oakdale 74 Transformer Tap changer position.  Check that automatic control for Oakdale Transformer 74 is disabled with the tap in the neutral position.  Complete the following steps to check out the station, increase the MVAR load, and place the LTC in auto.

	Oakdale

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	2
	Add 75 MVAR of non-conforming capacitive load (-75) to Oakdale’s 69 kV Load B

	3
	
	Read Oakdale #4 –69 kV Bus Voltage
	

	4
	
	Read Oakdale #2 –230 kV Bus Voltage
	

	4
	Place Transformer 74 tap changer in AUTO (enable). Give it 30 secs. To respond.

	5
	
	Read Oakdale #4 –69 kV Bus Voltage
	

	6
	
	Read Oakdale #2 –230 kV Bus Voltage
	


Breaker 3 at Oakdale is stuck closed. In order to open its disconnects, you are now going to open CBs 9, 6, 12 and 2 to isolate the Oakdale 74 Transformer to the Oakdale Bus 2.  Check the one line to make sure that you understand the configuration after switching.  Try to anticipate what will happen.

5.7.11 Expected Voltage Changes

What changes in voltage do you expect to observe?

A. The Oakdale 69 kV bus should drop because it is no longer supported by the Oakdale 230 kV bus.

B. The Oakdale 69 kV bus should increase because we are removing it from a MVAR load.

C. The Oakdale 69 kV bus should not drop because it will be regulated by the Oakdale 74 transformer.

5.7.12 Response of ULTC

How do you expect the automatic ULTC control to respond?

A. It will decrease the tap to bring the 69 kV bus voltage within limit.

B. It will decrease the tap to create an excessive voltage on the 230 kV bus 2.

C. It will decrease to tap to bring the 230 kV bus within limits.

Once you cleared the high side of the Oakdale Transformer 74, your reading should match the following worksheet.

	Oakdale

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	4
	You Cleared the high side of Transformer 74

	5
	
	Read Oakdale #4 –69 kV Bus Voltage
	

	6
	
	Read Oakdale #2 –230 kV Bus Voltage
	

	7
	Take a short break to answer a call from a field operator (wait a couple of minutes)

	8
	
	Read Oakdale #4 –69 kV Bus Voltage
	

	8
	
	Read Oakdale #2 –230 kV Bus Voltage
	


5.7.13 Changes to Primary Side

What change did you observe on the primary side?

A. The voltage rose to 300 kV

B. The voltage did not change

C. The voltage decreased to 200 kV.

5.7.14 Oakdale 2 Bus Clearance

Suppose that you need to switch out Bus 2 at Oakdale for maintenance. In this case, there are no stuck breakers. Based on your observations in this case, what precaution should you take before starting the switching? 

A. We should plan to also remove the Oakdale 74 Transformer from service.

B. We should post an information tag noting that if the Oakdale-Amus 2 line trips, that the ULTC for the Oakdale 74 transformer should be placed in MAN mode.

C. We should leave the Oakdale 74 Transformer in service in MAN mode and tag it.

5.7.15 Operation of Tap 

In this exercise you studied the effect of automatic tap changers when the system is on the verge of voltage collapse. 

	Beaver 

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	8
	Open Breaker 6 to open end of Stanton-Beaver line  

	
	Open Breaker 1 to open end of Pool-Beaver line

	
	Add 98 MW of non-conforming load to Beaver A load

	8
	
	Read Beaver 69 kV Bus 1 Voltage
	

	10
	
	Read Beaver 69 kV Bus 1 Angle
	

	11
	
	Read Doyle 138 kV Bus Angle
	

	13
	
	Calculate Beaver 69 kV Bus 1 voltage as percent of nominal
	

	14
	
	Read High side MW for Farlie 45 Bank
	

	
	
	Read Low side MW for Farlie 45 Bank
	


If we assume that the Beaver 1, Beaver 2 and Ricter capacitors are out of service; which of the following control actions do you recommend?

A. Put the ULTC for the Ricter 82 Transformer into AUTO mode to raise the voltages.

B. Manually set the tap for the Ricter 82 Transformer to +16 the maximum tap to raise the voltages.

C. Manually set the tap for the Ricter 82 Transformer to -16 the minimum tap to raise the voltages.

D. Shed 40 MW of load at Beaver A

5.7.16 Reasons for Voltage Collapse

The system  on the verge of voltage collapse because:

A. The bus voltage is 70% of the nominal voltage.

B. The angle between the load bus and the closest generator bus is more than 45 degrees.

C. The ULTC regulator at Ricter is in Manual

D. A, B and C are all true.

E. A and B are both true.

5.7.17 Take Tanton Reactor Out and Correct Voltages

Load the 6:00 AM case. Open Breaker 13 at Tanton to take the Tanton Shunt Reactor out of service. You can see the Mvars drawn by the Tanton Reactor on the Shunt Reactor tabular display. The Tanton Bus voltage will exceed it 5% limit. Find a solution to bring the voltage within limits. Which of the following solutions will work best.

A. Raise Kincaid 230:138 kV Bank High side Tap to 4.

B. Lower Kincaid 230:138 kV Bank High side tap to -4

C. Lower Kincaid 230:138 kV Bank High side tap to -8

Module 5.8 Voltage Stability Margins

5.8.1  P-V Curve Worksheet

You downloaded the Study Guide for Module 5.8: Voltage Stability Margins and opened up the Calculations worksheet. A sample is shown below.
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The columns include the following variables:

PN
  Nominal MW load 

QN
 Nominal Mvar load

RP
Parallel circuit resistance

XP
Parallel circuit reactance

RS
Series circuit resistance

XS
Series circuit reactance

PL
Actual MW load

QL 
Actual Mvar load

VL
Voltage at the load

The equivalent circuit with parallel R and X load components is shown below.

[image: image7]
The equivalent circuit with serial R and X load components is shown below. This circuit is used to calculate the magnitude of the load voltage VL 
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The parameters that can be varied are shown below:

	Line reactance - P.U.
	XL
	0.5335

	Sending Bus Voltage
	VB
	1

	MVAR/MW Ratio
	Tan Theta
	0.1

	Degrees
	Theta
	5.71

	Power Factor
	Cos Theta
	0.840


A sample P-V Curve is shown below.
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You calculated the Maximum Power Transfer for line reactance XL values 0.1 P.U., 0.2 and 0.4 P.U. Use a Sending Bus Voltage of 1.0 and MVAR/MW ration of 0.1.

Which of the following statements is correct?

A. The maximum power transfer is proportional to the line reactance

B. The maximum power transfer is inversely related to the line reactance

C. The maximum power transfer is not dependent on the line reactance

5.8.2 Effect of Capacitive Compensation

You changed the value of MVAR/MW ratio in the range of -.1 to -1.0 to see the effects of different levels of capacitive compensation. Used a Sending Bus Voltage of 1.0 and a Line Reactance value of 0.1.Which of the following statements is not true?

A. The maximum power transfer increases as the capacitive load is increased

B. The P-V curve flattens out, or even rises so that the approach of voltage instability is not so obvious.

C. The voltage drops off quite suddenly near the knee of the curve

D. The voltage at the voltage collapse point is less than 70% of nominal.

5.8.3 Effect of Inductive  Compensation

You changed the value of MVAR/MW ratio in the range of .1 to 1.0 to see the effects of different levels of inductive compensation. Which of the following statements is not true?

A. The maximum power transfer decreases as the reactive load is increased

B. The voltages are decreased over the entire power range

C. The knee of the curve drops off more gradually.

D. The voltage at the voltage collapse point is more than 70% of nominal.

5.8.4 Example for Farlie A Load Fed from Homer

In this example you calculated the P-V Curve for a network where the Farlie A 138 kV load is fed radially from the Homer unit over the Homer-Vexley and Vexley-Farlie 138 kV lines. The equivalent circuit is shown below.
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You used the P-V Curve worksheet to calculate the maximum power transfer for the circuit shown. The Farlie A load has a MVAR/MW ratio of 0.1.

What is the calculated maximum power transfer for the circuit shown?

A. 0.72 P.U.

B. 0.84 P.U.

C. 0.96 P.U.

D. 1.08 P.U.

5.8.5 Tests with Homer-Vexley-Farlie Circuit

In this example you conducted a test on the PALCO system and measure the P-V Curve when the Farlie A load is fed from the Homer unit via the Homer-Vexley-Farlie 138 kV circuit as shown below.
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This test involved operating feeders above their STE ratings and operating buses with large voltage deviations. It will also involve de-energizing load in order to configure a radial network. Do not allow such conditions to exist on your own power system.

In summary, the test involved the following steps:

· The 6:00 AM. Case will be loaded.

· The Farlie-Pool 138 kV line will be removed.

· The Homer A load will de-energized.

· The Vexley A, Vexley B and Vexley C loads will be de-energized.

· The Farlie A load will be radially fed from the Homer generator.

· The Farlie A load will be increased until a voltage collapse occurs.

	System

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load the 6:00 AM case and start PowerSimulator  

	2
	Remove the Farlie-Wynham 138 kV line

	3
	   Open CB 18 and CB 19 at Farlie

	
	   Open CB 3 at Wynham

	
	De-energize the Homer B load by opening CB 17 at Homer

	
	De-energize the Vexley A load by opening CB 3 at Vexley

	
	De-energize the Vexley B load by opening CB 5 at Vexley

	
	De-energize the Vexley C load by opening CB 6 at Vexley

	
	De-energize the Vexley A capacitor bank by opening CB 3 at Vexley

	
	Verify the Vexley  SVC is off with CB 11 at Vexley Open.


You then opened the worksheet named: Study Guide for Module 5.8: Voltage Stability Margins and selected the Measurements worksheet. This appeared partially completed as follows:
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The P-V Curve is partially shown as follows:
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You varied the Non-conforming nominal MW and MVAR load for the Farlie A load to fill-in the rows with the blank measurements. For each set of non-conforming MW and MVAR you recorded the following measurements:

· Farlie A actual load in MW

· Farlie A actual load in MVAR

· Farlie Bus 4 voltage in kV

· Angle of  Farlie Bus 4 in degrees

· Angle of Homer Bus 2 in degrees

· The Power Angle is the Homer Bus 2 angle minus the Farlie Bus 4 angle.

The power angle when voltage collapse occurs is approximately:

A. 30 degrees

B. 45 degrees

C. 60 degrees

The maximum power transfer on the Homer-Vexley-Farlie path is approximately:

A. 65 MW

B. 75 MW

C. 85 MW

D. 95 MW

Which of the following statements in not true?

Adding the SVC at Vexley will:

A. Decrease the power angle at point of voltage collapse

B. Increase the magnitude of the voltage at the point of voltage collapse

C. Increase the maximum power transfer

5.8.6 Remedial Action for Farlie-Vexley Line and Farlie Bank Outage

It is 6:00 AM on July 28th.

The weather is clear and sunny.

There has been a semi-trailer accident that has toppled the H frame wooden poles for the Pool-Wynham 138 kV line.

	Wynham-Pool Line

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load the 6:00 AM case and start PowerSimulator  

	2
	Remove the Wynham-Pool 138 kV line

	3
	Open CB  1 at Pool

	4
	Open CB 4 at Wynham

	
	
	
	


In this exercise, in order to create the conditions for voltage collapse, we will allow lines to significantly exceed their STE rating. DO NOT allow this to happen in your own system. In fact keeping all lines within their STE ratings is a good approach to avoiding voltage collapse.

Which contingency will cause a voltage collapse of the PALCO system?

A. Grange-Farlie 1 line outage 

B. Farlie 230 to 138 kV bank outage

C. Farlie-Ells line outage

D. Vexley-Farlie line outage

5.8.7 Preferred Corrective Action

Recent oil tests on the Farlie 230-138 kV bank have shown that there has been some excess gassing. What is the preferred approach to meeting the NERC Operating Security Limits for the Farlie 230 – 138 kV bank contingency?

A. Ignore the OSL violations due to the Farlie bank contingency since the weather is clear.

B. Shed load at Farlie as a preventative action anticipation that the contingency will occur.

C. Configure the new programmable substation automation system at Farlie to instantly trip a portion of the Farlie A load as a remedial action in the event that the Farlie 230-138 kV bank is outaged.

5.8.8 Amount of Load Shed

You can assume that you are running PowerSimulator in study mode and can try various options that may cause a voltage collapse during this exercise. Do not perform similar operations on the real-time system.

	System

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load the Noon case and start PowerSimulator  

	2
	Remove the Wynham-Pool 138 kV line

	3
	  Open CB  1 at Pool

	4
	  Open CB 4 at Wynham

	5
	Energize the Vexley SVC by closing CB 11 and CB 16 at Vexley.

	6
	Disable Feeder 1, 2 or 3 for the Farlie A load

	7
	Remove the Farlie 230 to 138 kV bank by opening CBs 4, 7 and 15

	8
	Repeat steps 6 and 7 until you find the smallest amount of Farlie A load that has to be shed in order to maintain voltage stability.

	
	
	
	


What is the minimum amount of Farlie A load that needs to be shed to maintain voltage stability when the Farlie 230 to 138 kV bank is outaged?

A. 16% or  Feeder 1

B. 33% or Feeder 2

C. 50% or Feeder 1 and Feeder 2

5.8.9 Static vs. Dynamic Resources

How do you characterize the switched capacitor banks, which are associated with the Vexley SVC :

A. They are dynamic MVAR resources that can instantly respond to contingencies.

B. They are static MVAR resources that cannot instantly respond to contingencies.

5.8.10 Fast Capacitor Switching

If the static capacitor SVC C1 is programmed to come on-line immediately when the Farlie 230 – 138 kV bank is outaged how much Farlie A load needs to be shed to prevent voltage collapse? You can simulate this by pausing the simulator and closing CB 12 at Vexley and removing the Farlie 230 – 138 kV bank.

A. 0%

B. 16% or  Feeder 1

C. 33% or Feeder 2

D. 50% or Feeder 1 and Feeder 2

Module 5.9 Preventative and Remedial Actions

5.9.1 Background

In this exercise a violent windstorm is moving through the northeastern power of the PALCO system. It will cause outage of a number of major 230 kV circuits.

You will be operating without any detailed supervision or guidance with the mission of preventing overloads, cascading outages and system collapse.

During this time you will be violating the NERC Operating Security Limits. You should not be concerned about the economics. You should be prepared to cut the PALCO 450 MW sale to EXCO.

The system will be subjected to multiple severe contingencies. You should take preventative actions and remedial actions in real-time to mitigate the harmful effects of these contingencies.

The time over-currents will be enabled. Lines and transformers that exceed their 15 minute short-term emergency ratings will trip after a designated time. Status of the relays is shown under the Equipment -> Relays -> Overcurrent tabular display.

Beware, that the Ash-Amus 1 line has overgrown trees and may trip early before its STE rating is reached.

You will be under time pressure to make decisions and implement control actions. When controlling generation you can use the command to change the mode of all generators together.

You have authority to shed load in order to meet the NERC Operating Security Limits and prevent cascading outages and system collapse.

Based upon your decisions and actions; the people of PALCO will either survive the storm with a temporary and localized interruption of power, or the complete system with 4 million customers will be shut down and it will take around 24 hour to restore!

5.9.2 Sensitivity to Flows in Lower Voltage Circuits

As part of the scenario, the Oakdale-Crawford 1 & 2 lines and the Baker-Amus lines will be tripped.

Be aware that once this happens, that you will have lost 3 major 230 kV South to North Lines serving the metropolitan load at Nestle, Oakdale, Amus and Ash. Power from the 400 MW Crawford units will begin “seeking its sink”. It flows west on the Crawford – Doyle lines and then flows North on the lower voltage Doyle - Ricter – Beaver – Stanton – Oakdale lines.
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The system is then very sensitive to overloads and trips on the Pool-Beaver, Ricter-Beaver, Ricter-Doyle and Beaver-Stanton lines and the Ricter Transformer.

One possible solution, to reduce this sensitivity is to open the loop from Doyle to Ricter to Beaver to Stanton.

This procedure is counter to the normal procedure on leaving as many circuits as possible in-service during system emergencies.

5.9.3 Preparation for Load Shedding

In order to prevent severe overloads and line trips you will need to plan for and implement load shedding immediately after contingencies occur. The major substation loads have been defined for each of the four areas in the PALCO system.
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5.9.4 Measuring Your Performance

Your performance will be measured by completing the following scoring table. After each contingency occurs, if the system is still operating after more that three minutes have elapsed, you can claim the points for surviving that contingency.
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This is definitely an exercise where you can learn from your mistakes. So we have allowed time, and you may wish to repeat it several times over before calculating your final and best score.

5.9.5 Preparatory Questions

Before starting the real-time scenario we will provide an opportunity for you to simulate the  contingencies that will be used. 

Load the noon case.

Activate the Crawford-Oakdale 1 & 2 line contingency.

Then activate the Baker-Amus contingency.

How would you characterize the system conditions following the triple contingency:

A. The system is close to voltage collapse in the Oakdale area.

B. The system is close to voltage collapse in the Ricter area.

C. The system is close to steady state angle instability.

D. All of the above

5.9.6 Mvar Reserves

Which units are on or close to their maximum Mvar limit following the triple contingency?

A. Doyle, Amus, Homer and Farlie

B. Locher and Crawford 1 & 2

C. External 1, 2, 3 and 4

5.9.7 Transformer Taps

What impact will raising the low side taps of the Ricter 138:69 kV transformer have immediately after the triple contingency.

A. Will improve voltage stability by raising the 69 kV voltage and preventing damage to customer equipment.

B. Will have no effect.

C. Will make the system more vulnerable to voltage collapses

5.9.8 Start the Real-Time Scenario

Load the Noon case.

Enable the Time-Over Current relays.

Enable the event named NE Multiple Line Trips

Assess the system state.

Take the necessary preventative action to mitigate harmful effects of multiple line contingencies in the northeast region of the system

5.9.9 Outage of Crawford-Oakdale 1 & 2 Lines

After the trip of the Crawford-Oakdale 1 & 2 lines take the necessary remedial actions, including the possibility of shedding load to mitigate the STE overloads as quickly as possible.

Then start implementing any preventative actions and planning remedial actions for the next most severe contingency in the Northeast region.

5.9.10 Outage of Amus-Baker line

After the trip of the Amus-Baker line take the necessary remedial actions, including the possibility of shedding load to mitigate the STE overloads as quickly as possible.

Then start implementing any preventative actions and planning remedial actions for the next most severe contingencies in the Northeast region.

5.9.11 Outage of Locher-Moses 1 line

After the trip of the Locher-Moses 1 line take the necessary remedial actions, including the possibility of shedding load to mitigate the STE overloads as quickly as possible.

Then start implementing any preventative actions and planning remedial actions for the next most severe contingencies in the Northeast region.

5.9.12 Load Restoration

You have now received notice from the weather forecaster that the windstorm has died done. Your line crews have also reported that the Baker-Amus, Crawford 1 & 2 lines and Locher-Moses 1 can be returned to service.

Restore the Baker-Amus and Crawford 1 & 2 lines to service and restore any load that you may have tripped as quickly as possible.

5.9.13 Score Your Solution

Fill out the following scoring table.. After each contingency occurs, if the system is still operating after more that three minutes have elapsed, you can claim the points for surviving that contingency.
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