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Course 4: Managing MW Flows

Exercises

Module 4.1 Power Angle Characteristics of Lines and Generators

4.1.1 Familiarize with Scenario

We will be using the same scenario as in the Guided Demonstration. Here you will be required to figure out how much load must be dropped to save the system from the blackout. In order to be able to answer the exercise questions and get a feel for what you can and cannot do, it is advisable that you load the 06:00 Base Case and go through the scenario first and then run it again and answer the questions. Look around the system map while the scenario is running. Try to figure out where we will need to drop load. 

The steps are outlined below.

	Locher

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load 6:00 AM Case and Start PowerSimulator

	2
	Isolate Locher A load to Locher-Homer Line. Open CB 10 and Open CB 12

	Homer

	3
	Check all breakers closed except for Breakers 3, 6, 11 and 12

	4
	Transfer Jenkin-Homer Line to Bus 1: Close CB 12, Open CB 13.

	5
	Transfer 230:138 kV Bank to Bus 2: Close CB 11, Open CB 9.  

	6
	Split Homer Bus 1 from Bus 2: Open CB 8.

	7
	Ramp Homer Unit down to 0 MW at 40 MW/minute. (Click on the unit symbol on the Homer station diagram. In the generator dialogue box set the Mode to MAN, set the MW Set Point 0 and set the Ramp Rate to 40 MW / minute.)

	8
	
	Read Homer-Vexley Line flow when Angle difference between the Farlie 230 kV Bus 2 and the Homer 230 kV Bus 2 is 60 degrees.
	

	9
	
	Record maximum Homer-Vexley line flow just prior to the blackout.
	

	10
	
	Angle difference between Farlie 230 kV Bus 2 and Homer 230 kV Bus 2 just prior to the blackout
	


Which value is closest to your recorded value for the Homer-Vexley Line flow when Angle difference between the Farlie 230 kV Bus 2 and the Homer 230 kV Bus 2 is 60 degrees?

A. 85 MW

B. 90 MW

C. 105 MW

D. 130 MW

4.1.2 Angle Difference

What is the angle difference between Farlie 230 kV Bus 2 and Homer 230 kV Bus 2 just prior to the blackout?

A. 70 degrees

B. 80 degrees

C. 90 degrees

D. 110 degrees

4.1.3 Location to Shed Load

Which load should be dumped in order to prevent the build up of the large angle across the Farlie-Vexley-Homer path?

A. Grange A

B. Locher A

C. Homer A

D. Farlie A

4.1.4 Amount of Load to Shed

The Locher A load can be shed using the Feeder display. There are three feeders, each with 16%, 33% and 50% of the bus load. Each feeder can be enable or disabled. By using different combinations, the net amount of load that can be shed is 16%, 33%, 50%, 66%, 83% and 100%.

What is the minimum amount of the Locher A load that needs to be shed in order that a) the Homer unit can ramp all the way to zero and b) the angle between the Farlie-Homer 230 kV Buses will not exceed 60 degrees? Calculate your answer based on your earlier observation that 105 MW was incoming on the Vexley-Homer line when the angle difference between Farlie Bus 2 and Homer Bus 2 was 60 degrees. 

A. 50%

B. 66%

C. 83%

D. 100%

Run the scenario to verify your answer.

4.1.5 Effect of Shedding Load too Early

If 100% of the Locher A load is shed immediately after the Homer unit has started to ramp down, try to anticipate which statement will apply:

A. There will be no problem. The system will be stable.

B. The frequency will rise and causes units to trip on over-frequency trip.

C. The Homer-Vexley Line and Vexley-Farlie lines will exceed their steady state stability limit with a flow in the Homer to Vexley to Farlie direction.

D. The Homer unit will not able to provide sufficient VAR support to maintain voltages within the 5% limit.

4.1.6 Effect of Vexley Shunt Capacitor 

In the next Exercise you will repeat all of the steps in the scenario just presented but you will put the shunt capacitor at Vexley on-line at the start of the scenario. Please install it before isolating the Locher A load.

What impact do you expect this to have on the maximum MW transfer across the Farlie-Vexley-Homer path?

A. Decrease Maximum MW Transfer

B. No Impact

C. Increase Maximum MW Transfer

4.1.7 Add Vexley Shunt Capacitor 

In this scenario, you will add the Vexley Shunt Capacitor and record the maximum MW transfer.

	Locher

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load 6:00 AM Case and Start PowerSimulator

	2
	Isolate Locher A load to Locher-Homer Line. Open CB 10 and Open CB 12

	Vexley

	3
	Energize Vexley 1 Cap Bank; Close CB 4.

	Homer

	4
	Check all breakers closed except for Breakers 3, 6, 11 and 12

	5
	Transfer Jenkin-Homer Line to Bus 1: Close CB 12, Open CB 13.

	6
	Transfer 230:138 kV Bank to Bus 2: Close CB 11, Open CB 9.  

	7
	Split Homer Bus 1 from Bus 2: Open CB 8.

	8
	Ramp Homer Unit down to 0 MW at 40 MW/minute. (Click on the unit symbol on the Homer station diagram. In the generator dialogue box set the Mode to MAN, set the MW Set Point 0 and set the Ramp Rate to 40 MW / minute.)

	9
	
	Read Maximum Homer-Vexley Line flow just prior to the system blackout
	

	10
	
	Angle difference between Farlie 230 kV Bus 2 and Homer 230 kV Bus 2 just prior to the blackout
	


What is the new maximum power transfer limit on the Homer-Vexley line?

A. 120 MW

B. 130 MW

C. 140 MW

D. 150 MW

Module 4.2 Parallel Path Flows

4.2.1 Outage of Vexley-Homer Line

In this exercise we will be testing with the flow of MWs on parallel paths. We will be using the 06:00 Base Case and will isolate a path to prove our point. You will be asked to record readings before and after our switching. 

Please keep in mind the system is being configured for illustration purposes only. We would not normally isolate a generator to feed only some of the lines from the station.

	Locher

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	Homer

	1
	Load 6:00 AM Case and Start PowerSimulator

	2
	Isolate the Homer Unit to feed just the Homer-Grange 1, Homer-Grange 2 and Vexley-Homer Lines

	3
	Check that all Homer breakers are closed except that CBs 3, 6, 11 and 12 are Open. 

	4
	Transfer Jenkin-Homer line from Bus 2 to Bus 1; Close CB 12, Open CB 10.

	5
	Transfer Homer-Grange 1 line from Bus 1 to Bus 2; Close CB 6, open CB 5.

	6
	Transfer Homer-Grange 2 line from Bus 1 to Bus 2; Close CB 3, open CB 2.

	7
	Transfer 230-138 kV Bank from Bus 1 to Bus; Close CB 11, open CB 10.

	8
	Split Homer 230 kV Buses, Open CB 8.

	9
	
	Read MW flow on Homer-Grange 1 line
	

	10
	
	Read MW flow on Homer-Grange 1 line
	

	11
	
	Read MW flow on Vexley-Homer line
	

	12
	
	Read Angle of the Homer Bus 2
	

	13
	
	Read Angle of the Grange Bus 1
	


If there is an increase in the output of the Homer unit, which lines will pick up the increase?

A. Homer-Grange 1, Homer Grange 2 and Kincaid-Homer

B. Homer-Grange 1, Homer Grange 2 and Vexley-Homer

C. Homer-Grange 1, Homer Grange 2 and Jenkin-Homer

D. Homer-Grange 1, Homer Grange 2 and Locher-Homer

4.2.2 Homer to Farlie Transmission Path

How do you characterize the Homer-Farlie transmission path?

A. Two equal low impedance paths in parallel with a high impedance path.

B. Two equal high impedance paths in parallel with a low impedance path.

C. Three parallel equal impedance paths.

4.2.3 Outage of Vexley-Homer line

If we remove the Vexley-Homer line from service; what portion of this line flow do you expect will flow in the Homer-Grange 1 line?

A.  33%

B. 50%

C. 100%

4.2.4 Outage of Homer-Grange 1 Line

Make sure you have returned the Homer-Vexley line to service. The Homer-Vexley-Farlie has an impedance that is approximately four times the impedance of the Homer-Grange-Farlie path. If there is an outage of the Homer-Grange 1 line what percentage of the flow do you expect the Homer-Vexley-Farlie path to pick up?

A. 20%

B. 25%

C. 75%

D. 80%

4.2.5 Vexley-Homer 138 kV Line Overload

Make sure you have returned the Homer-Grange 1 line to service. Now increase the generation at Homer to 400 MW. Do this by going to the Homer station diagram and clicking on the unit itself. Set the Mode of operation to MAN. Change the MW Set Point to 400 and change the Ramp Rate to 100, then click OK.

Now you see as in the Module that the Vexley – Homer 138 kV line is in an OSL violation.

What is one operation that can be done to correct this problem?

A. Close the Capacitor Bank at Vexley.

B. Open one of the Series 1 Line Breakers at Vexley

C. Both 1 & 2

D. None of the Above

4.2.6 Effect of Grange Tie Breaker

Call up the Grange station. Notice that the tie breaker is open. 

If the Homer-Grange 1 & 2 and Grange-Farlie 1 & 2 lines are in service, what is the effect of closing bus tie breaker 4?

A. It increases the overall impedance of the Homer-Farlie path

B. It decreases the overall impedance of the Homer-Farlie path

C. It does not change the overall impedance of the Homer-Farlie path

4.2.7 Effect of Grange Tie Breaker

Call up the Grange station. Remove the Farlie-Grange 1 line from service. Notice that the tie breaker is open. Now what is the effect of closing bus tie breaker 4?

A. It increases the overall impedance of the Homer-Farlie path

B. It decreases the overall impedance of the Homer-Farlie path

C. It does not change the overall impedance of the Homer-Farlie path

4.2.8 Angle Difference

The Homer-Grange 1 line has a series reactance of .090 p.u. If the Homer-Grange 1 line is carrying 100 MW what do you expect the angle difference across the line will be?

A. 5 degrees

B. 10 degrees

C. 15 degrees

D. 20 degrees

Module 4.3 Generation Redispatch

4.3.1 Multiple Contingencies at Locher

In this scenario, there will be multiple line outages at the Locher nuclear power station.

	Locher

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	Locher

	1
	Load the Noon Case and Start PowerSimulator

	2
	Close the Ash Bus Tie Breaker 4

	3
	Open the Locher-Ash 2 line.

	4
	Open the Moses-Locher 1 and 2 lines 

	5
	Open the External-Locher line

	6
	
	Read Percent Overload on Locher-Ash 1 line
	


We need to minimize the amount that the Locher unit is backed down otherwise reactor fuel poisoning will occur.

Which line has the maximum MVA overload?

A. Locher-Ash 1 line

B. Locher-Homer line

C. Baker-Amus line

4.3.2 Close units

Which units are electrically close to the Sending end of the Locher-Ash 1 line?

A. Locher

B. Locher and Baker

C. Crawford

D. Farlie

4.3.3 Load Shedding Principles

Instead of increasing generation to unload a line, we can have the same effect by shedding load. Therefore the rule for shedding load is:

A. Shed load close to the receiving end of the overload line.

B. Shed load close to the sending end of the overloaded line.

C. Shed load remotely from the receiving end of the overload line.

4.3.4 Line Removal

Is it a good idea to remove the Locher-Ash 1 line from service?

A. Yes

B. No

4.3.5 Load to Shed

What combination of loads should you shed immediately to bring the Locher-Ash 1 under its STE rating?

A. Ash A and Ash B

B. Amus A, Amus B and Ash B.

C. Locher A

D. Moses A and Nestle A

4.3.6 Generation Redispatch

Determine a generation redispatch plan that will allow you to restore the entire load that has been shed but will minimize the amount that you have to back down the Locher Unit. 

What is the maximum amount of generation that you are able to keep producing at the Locher nuclear station while keeping all lines within their STE rating?

A. 500 MW

B. 600 MW

C. 680 MW

D. 750 MW

Module 4.4 Line Outage Distribution Factors

4.4.1 Pre contingent Flows

In this exercise you will calculate the Distribution Factors for the outage of the Baker-Amus line for the case where both the Oakdale-Crawford 1 and 2 lines are out of service.

	Oakdale and Crawford

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load 6:00 AM Case and Start PowerSimulator

	2
	Remove the Oakdale-Crawford 1 & 2 lines from service

	Upper North East Interface

	3
	
	Read MW flow on Baker-Amus Line
	

	Read Flows at Stanton

	4
	
	Read MW flow on Copley-Stanton Line
	

	5
	
	Read MW flow on Beaver-Stanton Line
	

	
	
	Read MW flow on Airport-Stanton Line
	

	
	
	Read MW flow on Moses-Stanton Line
	

	Read Flows at Oakdale

	
	
	Read MW flow on Nestle-Oakdale Line
	

	
	
	Read MW flow on Moses-Oakdale Line
	

	
	
	Read MW flow on Crawford-Oakdale 1 Line
	

	
	
	Read MW flow on Crawford-Oakdale 2 Line
	

	Read Flows at Ash

	
	
	Read MW flow on Locher-Ash 1 Line
	

	
	
	Read MW flow on Locher-Ash 2 Line
	


Which pair of lines do you think will pick up most of the flow on the Baker-Amus Line?

A. Beaver-Stanton and Airport-Stanton

B. Locher-Ash 1 & 2

C. Copley-Stanton and Beaver-Stanton

4.4.2 Distribution Factors for Baker-Amus Outage

	Baker and Amus

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Remove the Baker-Amus line from Service

	2
	Remove the Oakdale-Crawford 1 & 2 lines from service

	3
	
	Read MW flow on Baker-Amus Line
	

	Read Flows at Stanton

	4
	
	Read MW flow on Copley-Stanton Line
	

	5
	
	Read MW flow on Beaver-Stanton Line
	

	6
	
	Read MW flow on Airport-Stanton Line
	

	7
	
	Read MW flow on Moses-Stanton Line
	

	Read Flows at Oakdale

	8
	
	Read MW flow on Nestle-Oakdale Line
	

	9
	
	Read MW flow on Moses-Oakdale Line
	

	10
	
	Read MW flow on Crawford-Oakdale 1 Line
	

	11
	
	Read MW flow on Crawford-Oakdale 2 Line
	

	Read Flows at Ash

	12
	
	Read MW flow on Locher-Ash 1 Line
	

	13
	
	Read MW flow on Locher-Ash 2 Line
	

	14
	
	Calculate DFAC for Locher-Ash 1 Line
	

	15
	
	Calculate DFAC for Locher-Ash 1 Line
	


What are the distribution factors for the Locher-Ash 1 and Locher-Ash 2 lines when the Contingent Element is the Baker-Amus line?

A. 30% and 40%

B. 30% and 30%

C. 30% and 40%

D. 40% and 40%

4.4.3 DFACS for Lines into Nestle

For this scenario there is an unplanned outage needed on the Moses-Nestle 230 kV line. An Overhead Static Wire has fallen sometime since the last patrol of the line and was found this morning by the helicopter during the routine quarterly flying patrol. The line maintenance crew has been dispatched and has requested a clearance on this line.

In this exercise we will outage the Moses-Nestle 230 kV line. We will calculate the Line Distribution Factors for Moses-Oakdale and Moses Airport lines.

We will be using the Noon Base Case for this Exercise. 

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load the Noon Case and Start PowerSimulator

	Pre contingent Flows at Moses

	2
	
	Read MW flow on Moses-Nestle Line
	

	3
	
	Read MW flow on Moses-Airport Line
	

	4
	
	Read MW flow on Moses-Oakdale Line
	


Which set of values matches most closely with your recorded measurements in steps 2, 3 and 4?

A. 13 MW, 130 MW, -232 MW

B. 130 MW, 3 MW, -13MW

C. 262 MW, -19 MW, 122 MW

4.4.4 DFACS for Moses-Nestle Outage at Nestle

Now lets remove the Moses – Nestle 230 kV line from service and calculated the LDFs. Remember the equation for this exercise is: DFAC =(Pre MW flow – Post MW flow)/ 131

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	Post- contingent Flows at Moses

	5
	Remove the Moses-Nestle Line by opening both ends

	6
	
	Read MW flow on Moses-Nestle Line
	

	7
	
	Read MW flow on Moses-Airport Line
	

	8
	
	Read MW flow on Moses-Oakdale Line
	

	9
	
	Calculate DFAC for Moses-Airport Line
	

	10
	
	Calculate DFAC for Moses-Oakdale Line
	


Which pair of values matches most closely with your calculated DFACs for the Moses-Airport and Moses-Oakdale lines? 

A.  22%, 44%

B. 11%, 33%

C. 33%, 66%

4.4.5 OSL Time Limit

By taking the outage on the Moses – Nestle 230 kV line we entered into an OSL violation on the Oakdale – Nestle 230 kV line.

According to NERC Policy you have how long to correct this OSL?

A. 10 minutes

B. 20 minutes

C. 30 minutes

D. 1 hour

4.4.6 NERC Policy

Which NERC Policy addresses this time limit?

A. Policy 4

B. Policy 5

C. Policy 2

D. Policy 9

Module 4.5 Managing a Bus Outage

4.5.1 Bus Outage

In this exercise, you isolated Farlie 230 kV Bus No. 1.  You started from the Noon case. 

Did any of the line MW or MVAR flows in the Farlie station change as a result of isolating Bus 1?

A. Yes

B. No

4.5.2 Grange-Farlie 1 Contingency 

You opened the Grange-Farlie 1 Line.  This also opened the Farlie end of the Farlie-Dawson line. 

Which line in the system has the heaviest percentage MVA overload?

A. Homer-Grange 2

B. Grange-Farlie 2

C. Homer-Grange 1

4.5.3 External-Farlie Contingency

After restoring the Grange-Farlie 1 line, you simulated the loss of the External-Farlie line. This also opened the Farlie end of the Farlie-Ells line.

Which line in the system has the heaviest percentage MVA overload?

A. Ricter-Beaver

B. Homer-Grange 2

C. Jenkin-Homer

4.5.4 Grange-Farlie 2 Line Contingency 

You restored the External-Farlie line and simulated loss of the Farlie-Grange 2 Line.  This also opened the high side of the Farlie 230:138 kV Transformer. 

Which line in the system has the heaviest percentage MVA overload?

A. Vexley-Homer

B. Homer-Grange 2

C. Pool-Beaver

4.5.5 Worst Contingency

Which is the most harmful contingency?

A. Outage of Grange-Farlie 1 Line

B. Outage of External-Farlie Line

C. Outage of Grange-Farlie 2 Line.

4.5.6 Develop a Combined Preventative and Remedial Action Plan

You developed a combined pre-contingency preventative action generation redispatch plan and a post-contingency remedial action load shedding plan so that the Grange-Farlie 2 Line contingency will not cause any STE overloads. 

4.5.7 Load Noon Case and set up the Post-Contingent Case

You loaded the noon case and start PowerSimulator and simulated the outage of the Grange-Farlie 2 line which also opens the high side of the Farlie 230:138 kV transformer.

4.5.8 Generation Redispatch

You first implemented a generation redispatch that will reduce the overloads on the Farlie-Homer; Homer-Grange 1& 2 lines.  

A generation redispatch to off-load the Grange-Farlie 1 line can be based on:

A. Decreasing generation at Farlie and increasing generation at Homer.

B. Decreasing generation at Farlie and increasing generation at Homer and External.

C. Decreasing generation at Farlie and increasing generation at Homer and Crawford.

4.5.9 Determine Load Shedding Actions

You determined the loads that should be shed in order to bring the Beaver-Pool and Homer-Vexley lines within their STE limits following the contingency.  We recommend that you use the Farlie Phase Shifting Transformer to adjust the flows on the Homer-Vexley and Beaver-Pool lines.

4.5.10 Score Your Combined Contingency and Remedial Action Plans

Scan the system map and add up the percentage overloads on all lines that exceed their STE limit. Multiply this number by 10. For example if the MVA loading on the Beaver-Pool line is 105%; this contributes 50 penalty points.  Each MW of load shed contributes one penalty point. Add to your score the penalty points due to the load shed.

What is your total score?

A. Between 100 to 160 penalty points

B. Between 160 to 200 penalty points

C. Between 200 to 250 penalty points

D. More than 250 penalty points

4.5.11 Farlie Unit Output

What was the MW set point of the Farlie Unit for your solution?

A. Between 0 and 300 MW

B. Between 300 and 500 MW

C. Between 500 and 600 MW

D. Between 600 and 800 MW

4.5.12 Interchange Schedule

What was the value of the Interchange Schedule for your solution?

A. Between 200 and 450 MW exporting

B. Between 0 and 200 MW exporting

C. Between 0 and 200 MW importing

D. Between 200 and 500 MW importing

4.5.13 PST Tap Setting

What was the tap setting of the Farlie Phase Shifting Transformer for your solution?

A. Between 1 and 10

B. Between 11 and 20

C. Between 21 and 30

D. Between 31 and 65

4.5.14 Capacitor Bank at Vexley

Did you remove the 50 MVAR capacitor bank at Vexley prior to shedding the Vexley Loads?

A. Yes

B. No

4.5.15 Bus Tie Breaker at Grange

Did you close the Bus Tie Breaker at Grange?

A. Yes

B. No

4.5.16 Summary

You had to operate the system on your own to accomplish an overall mission. The scenario involved multiple contingencies, multiple overloads and many different control options for developing a secure solution. The solutions had to be analyzed and evaluated within a limit time frame.

Module 4.6 Standing Phase Angles

4.6.1 Outage of Farlie-Grange 1& 2 Lines

A thunderstorm approaching from the West has caused the double circuit Grange-Farlie 1 and 2 lines to trip. The reclosing scheme has been designed so that the auto reclosing will be disabled when the parallel line is out of service.

Open Breaker 6 and Breaker 10 at Farlie and Breaker 7 at Grange to remove the Grange-Farlie 1 line from service.

Open Breaker 7 and Breaker 11 at Farlie and Breaker 2 at Grange to remove the Grange-Farlie 2 line from service.

What is the standing phase angle difference between the open ends of the Grange-Farlie 1 & 2 lines?

A. 34 degrees

B. -18 degrees

C. 52 degrees

4.6.2 Most Effective Location to Shed Load

Assuming that the loads on the system are interruptible where is the most effective location to shed load to decrease the Standing Phase Angle difference?

A. Locher

B. Grange 

C. Farlie

D. Homer

4.6.3 Amount of Load to be Shed

Assume that the Grange A load is a higher priority to shed than the Grange B load. How much load needs to be shed on the Grange A and Grange B loads to decrease the SPA to less than 40 degrees. Use the Feeder Summary display where you can enable or disable the Load Feeders that have 17%, 33% and 50% of the load.

A. 83% of Grange A and 0% of Grange B

B. 100% of Grange A and 17% of Grange B

C. 100% of Grange A and 50% of Grange B

D. 100% of Grange A and 66% of Grange B

4.6.4 Most Effective Generators to Shift

Which pair of generators will be most effective at decreasing the Standing Phase Angle between Grange and Farlie.

A. Increase at Farlie and decrease at Homer

B. Increase at Locher and decrease at Farlie

C. Increase at Homer and decrease at Farlie

D. Decrease at Farlie and increase at Doyle

4.6.5 Impact of Generation Shift on SPA

Increase Homer by 300 MW to its maximum rating of 600 MW and decrease Farlie by 300 MW to 500 MW.  Measure the SPA across the Farlie 230 kV Bus 2 and Grange 230 kV Bus 1. Which value is closest to your measurement?

A. 20 degrees

B. 30 degrees

C. 40 degrees

4.6.6 Next Closest Generator to Grange

Now that Homer is at its maximum limit; what other unit is much closer to the Grange bus compared to the Farlie bus?

A. External

B. Locher

C. Crawford

4.6.7 Amount of Shift to Decrease SPA to 20 Degrees

Which generation shift will decrease the SPA across the Farlie-Grange 1 line to less than 20 degrees?

A. Increase Locher to 900 MW and decrease Farlie to 300 MW

B. Increase Locher to 800 MW and decrease Farlie to 400 MW

C. Increase Locher to 800 MW and decrease Doyle to 300 MW

4.6.8 Effect of Opening Homer-Jenkin Line

The Homer-Jenkin line is exporting generation away from the Bus with the lagging angle. Remove the Homer-Jenkin line from service and measure the decrease in SPA across the Farlie 230 kV Bus 2 and Grange 230 kV Bus 1. Select the change that is closest to your measurement.

A. 2 degrees

B. 5 degrees 

C. 10 degrees

Module 4.7 Responding to Major System Contingencies

4.7.1 Case Set Up

Load the 6:00 AM case and start PowerSimulator.

Call up the AGC display and put the AGC for the PALCO and EXCO control areas into manual.

Remove the following lines from service by opening them at both ends: Oakdale-Amus 1&2, Oakdale-Crawford 1&2, Moses-Locher 1&2, Crawford-Doyle 1&2, Moses-Jenkin, Locher-Homer, Jenkin-Homer, External-Farlie. Also trip the Amus unit. You may alternatively activate the event file named East-West Split.

Take a few moments to assess the new system state.

What are the worst MVA line loading violations?

Moses-Homer and Stanton-Beaver

Homer-Grange 1&2

Ricter-Doyle and Ricter-Beaver

Locher-Homer and Jenkin-Homer

4.7.2 Lowest Voltages

Where are the lowest system voltages?

A. Cheshan, Ricter, Uxbridge

B. Moses, Nestle, Oakdale

C. Kincaid, Airport, Wynham

4.7.3 Separated Generators

Where generators are in separate islands?

Locher and External 4

Doyle and Crawford

Homer and Farlie

Crawford and Locher

4.7.4 MW Reserves

What are the MW reserves in each island?

2200 MW in Farlie island and 600 MW in Locher island

1400 MW in Farlie island and 860 MW in Locher island

600 MW in Farlie island and 2200 MW in Locher island

4.7.5 Potential Line Trips

Which lines are sagging and are likely to trip?

Homer-Moses and Beaver-Stanton

Crawford-Baker 1& 2 

Grange-Farlie 1&2

4.7.6 Moses-Homer Line Trip

What is the consequence if the Moses-Homer line trips out of service?

Low Voltages

System Blackout

Line MVA Overloads

4.7.7 Beaver-Stanton Line Trip

What is a consequence of a trip on Beaver-Stanton line?

Low Voltages

System Blackout

Line MVA Overloads

4.7.8 Priority Corrective Action

Based upon your assessment, what is the highest priority corrective action?

A. Redispatch generation to off load Beaver Stanton and Homer Moses lines.

B. Add capacitors to restore low voltages

C. Dump Load to off load Beaver Stanton and Homer Moses Lines.

4.7.9 Priority Action

Which action is higher priority?

A. Dump Load to off load Beaver Stnton and Homer Moses Lines.

B. Tie the two separate islands together

4.7.10 Load Shed

Which is the best load to shed to unload the overloaded lines.

A. Locher A

B. Amus A

C. Oakdale A

D. Stanton A

4.7.11 Synchronize the Islands

Which line end is not suitable for synchronizing the islands?

A. Locher end of Moses-Locher line

B. Crawford end of Oakdale-Crawford 1 line

C. Doyle end of Doyle-Crawford line.

D. Moses end of Moses-Jenkin line

4.7.12 Evaluate Your Score

Spend up to 30 minutes of your time redispatching the system with the goal of avoiding any further cascading outages. Shed load immediately to bring the line overloads to less then 100% of the STE. Then tie the two islands together and redispatch generation so that you can restore the entire load shed without creating any STE overloads. At the end of your session calculate you penalty score as follows:

· 1000 points if you still have two islands.

· 100 points for each line out.

· 20 points for each bus voltage outside the range 95% to 105%.

· 10 points for each percentage of line overload.

What is you score?

A. 0 

B. 1 to 100

C. 101 to 500

D. 501 to 1000

E. More than 1000

Module 4.8 Catastrophic Transmission Outages

NO EXERCISE NEEDED

Module 4.9 Operating Phase Shifters

4.9.1 Introduction

It is important that the operator be able to understand the following relationships for each of the phase shifters in his/her system: 

1. What is the tap changer range and what is the neutral tap position?

2. Which phase shifter terminal will lead and which phase shifter terminal will lag as the tap is raised above the neutral position?

3. What will be the increase in angle across the phase shifter as the tap is moved from neutral to its maximum?

4. What is the extent of the main loop for the phase shifter circulating power?

5. Will the circulating power flow clockwise of counter clockwise, as the phase shifter tap position is raised?

6. How much will the circulating power flow change for each change in phase shifter tap position?

4.9.2 Case Set Up

Load the 6:00 AM case.

Remove the Farlie 230 – 138 kV bank. Open CBs 15, 4 and 7 at Farlie.

Put the Farlie Phase Shifter into service.

Close CB 22 and 23. Open CB 21.

	

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Load the 6:00 AM case and start PowerSimulator

	2
	Remove the Farlie 230 – 138 kV bank. Open CBs 15, 4 and 7 at Farlie.

	
	Put the Farlie Phase Shifter into service. Close CB 22 and CB 23. Open bypass CB 21.

	3
	
	Read MW flow on Baker-Amus Line
	

	Monitor Line Overloads – Use Sorted MVA Display

	4
	
	Record MVA rating on Beaver-Pool line
	

	5
	
	Record MVA loading on Beaver-Pool line
	

	6
	
	Record MVA overload on Beaver-Pool line
	

	7
	
	Record MVA rating on Homer-Vexley line
	

	
	
	Record MVA loading on Homer-Vexley line
	

	
	
	Record MVA overload on Homer-Vexley line
	

	
	
	Calculate total MVA over loading on Beaver-Pool and Homer-Vexley lines
	


4.9.3 Effect of Changing Phase Shifter Tap

What is the effect of increasing the Farlie phase shifter tap from 33 to 65?

A. Increases flow in counter clock wise direction by 22 MW

B. Increases flow in clock wise direction by 22 MW

C. Increases flow in counter clock wise direction by 11 MW

D. Increases flow in clock wise direction by 11 MW

4.9.4 Leading and Lagging Terminals

What is the effect of raising the Farlie phase shifter tap above the neutral position?

A. The bus side terminal will lead and the line side terminal will lag.

B. The bus side terminal will lag and the line side terminal will lead.

4.9.5 Corrective Actions

	

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	1
	Continue the existing scenario

	2
	Shed the Vexley A, Vexley B and Vexley C loads. 

	
	
	Record % overload on Beaver-Pool line
	

	3
	
	Record % overload on Homer-Vexley line
	

	

	2
	Sectionalize Cheshan to reduce flow on Beaver-Pool line.

	
	Adjust Farlie phase shifter to balance loading on Beaver-Pool and Homer-Vexley lines

	4
	
	Record % overload on Beaver-Pool line
	

	5
	
	Record % overload on Homer-Vexley line
	

	
	
	Record position of Farlie phase shifter tap.
	


How should the Farlie phase shifter tap changer be adjusted in this exercise?

A. Increase tap to increase the clockwise flow

B. Increase tap to increase the counter clockwise flow

C. Decrease tap to increase the clockwise flow

D. Decrease tap to increase the counter clockwise flow

Module 4.10 Unscheduled Flow Calculations

In this exercise, you will calculate a set of electrical distances for the loop shown below in the PALCO system. The values shown are for the case with the Amus-Ash 2 line in service. You will calculate a revised set of electrical distances for the case with the Amus-Ash 2 line out of service.

[image: image4]
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For the case shown; which set of lines will all contribute to decreasing the electrical distance of the Northern path between Farlie and Locher?

A.  Farlie-Wynham, Doyle-Ricter and Doyle-Crawford 1.

B.  Oakdale-Amus, Vexley-Homer and Grange-Homer

C.  Farlie-Grange, Homer-Jenkin and Jenkin-External

4.10.1 Electrical Distance Study Guides

Download the Study Guide for Module 4.10 Unscheduled Flow Calculations. 

Review the Blank Electrical Distance worksheet. The yellow cells are the ones that require you to measure and enter values.

[image: image1.png]TEMPLATE FOR ELECTRICAL DISTANCE CALCULATIONS

Mw Percent of
Before MW After Mw Percentof |Path Flow
Shift Shift Change Flow on Path |on Line
Output of Farlie Unit 0 0 0.00
Output of Locher Unit 0 0 0.00
Northern Path Flow
Farlie-Ells 0 0 0.00 #DIV/0!
Farlie-Wynham 0 0 0.00 #DIV/O!
Farllie-Dawson 0 0 0.00 #DIV/0!
Total 0 0 0.00]_#DIV/O!
Southern Path Flow
Farlie-External 0 0 0.00
Farlie-Grange 0 0 0.00 #DIV/O!
Farlie-Grange 0 0 0.00 #DIV/O!
Farlie-Vexley 0 0 0.00 #DIV/O!
Total 0 0 0.00]_#DIV/O!
0.00
Measured |Relative
Angle Angle Measured |Relative % Change to |% Change to
Before Before Angle Angle After |Angle Next Busin |[Next Bus in
Buses on Northern Path Shift Shift After Shift | Shift Change Path Loop
FARLIEBUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
DAWSON BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
DOYLEBUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
CRAWFORD BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
OAKDALE BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
AMUS BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
ASH BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
LOCHER BUS 1 0 0 0 0 0.00
[ #DIviol [ #DIv/ol
Measured |Relative
Angle Angle Measured |Relative % Change to |% Change to
Before Before Angle Angle After |Angle Next Busin |[Next Bus in
Buses in Southern Path Shift Shift After Shift | Shift Change Path Loop
FARLIEBUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
GRANGE BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
HOMER BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
JENKIN BUS 1 0 0 0 0 0.00[ #DIv/0! #DIV/0!
LOCHER BUS 1 0 0 0 0 0.00
[ #DIviol | #DIV/0!






A sample Electrical Distance worksheet is also shown for the case where the Amus to Ash 2 line is in service.

[image: image2.png]ELECTRICAL DISTANCES WITH AMUS TO ASH 2 LINE IN SERVICE

MW Before Percent of Percent of Path
Shift MW After Shift MW Change |Flow on Path |Flow on Line
Output of Farlie Unit 814 917 -103.00
Output of Locher Unit 653 556 97.00
Northern Path Flow
Farlie-Ells 37 53 16.00 4%
Farlie-Wynham 89 96 7.00 18%
Farllie-Dawson 38 54 16.00 41%
Total 164 203 39.00 37.5%
Southern Path Flow
Farlie-External 0 0 0.00
Farlie-Grange 256 285 29.00 45%
Farlie-Grange 256 285 29.00 45%
Farlie-Vexley 69 76 7.00 1%
Total 581 646 65.00 625%
104.00
Measured Measured % Change to  |% Change to
Angle Before |Relative Angle |Angle After Relative Angle Next Bus in Next Bus in
Buses on Northern Path Shift Before Shift Shift After Shift Angle Change |Path Loop
FARLIEBUS 1 18.53 2259 24.32 27.77 5.18 18% 11.2%
DAWSON BUS 1 16.42 2048 21.28 2473 4.25 17% 10.9%
DOYLEBUS 1 17.86 21.92 21.82 2527 3.35 13% 8.1%
CRAWFORD BUS 1 15.25 19.31 18.54 21.99 2.68 20% 12.5%
OAKDALE BUS 1 -3.69 037 -144 2.01 1.64 16% 9.8%
AMUS BUS 1 -7.22 -3.16 -5.78 -2.33 0.83 7% 4.2%
ASH BUS 1 -6.67 -2.61 -5.58 -2.13 048 9% 58%
LOCHER BUS 1 -4.06 0 -345 0 0.00
100% 625%
Measured Measured % Change to  |% Change to
Angle Before |Relative Angle |Angle After Relative Angle Next Bus in Next Bus in
Buses in Southern Path Shift Before Shift Shift After Shift Angle Change |Path Loop
FARLIEBUS 1 18.53 2259 24.32 27.77 5.18 25% 9.6%
GRANGE BUS 1 7.69 11.75 12.16 15.61 3.86 31% 11.6%
HOMER BUS 1 32 7.26 6.07 9.52 226 26% 9.8%
JENKIN BUS 1 -8.23 -4.17 -6.71 -3.26 0.91 18% 6.6%
LOCHER BUS 1 -4.06 0 -345 0 0.00
100% 37.5%





4.10.2 Principle for Calculations

What principle is used as the basis for the calculations in the Electrical Distance Worksheets?

A.  The angle differences will be largest across the branches in parallel that have the highest impedance.

B.  The angle differences will be largest across the branches in a serial path that have the highest impedance.

C.  The electrical distances will be smallest across the branches in a serial path that have the highest impedance.

4.10.3 Exercise

Load the 6:00 AM case and start PowerSimulator.

Close Breakers 3, 6, 12, 11 at Homer.

Close the Bus tie breaker at Ash. 

Remove the following lines from service by opening them at both ends: 

Homer-Kincaid, 

Homer-Moses, 

Kincaid-Moses, 

Moses-Jenkin, 

Farlie-External, 

Locher-External, 

Crawford-Baker 1 &2, 

Moses-Locher 1&2, 

Kincaid-Moses 

Amus-Ash 2

This case is similar to the case presented in the on-line tutorial, but the Amus-Ash 2 line is also out of service.

Complete the Blank worksheet using the following steps:

Record the MW flows on the northern path and southern path lines out of the Farlie station as shown in the work sheet prior to the Generation Shift.

Record the designated bus angles in the work sheet prior to the Generation Shift.

Increase the MW output of the Farlie unit by 100 MW at 100 MW per minute.

Decrease the MW of the output of the Locher unit by 100 MW at 100 MW per minute.

Record the MW flows on the northern path and southern path lines out of the Farlie station as shown in the work sheet after the Generation Shift.

Record the designated bus angles in the work sheet after the Generation Shift.

Module 4.11 Unscheduled Flow Mitigation

4.11.1 Background

In this exercise you will operate the PALCO system in a large looped configuration. You will determine which schedules are candidates for cutting to reduce unscheduled flow and overloads on certain lines.

The WECC Unscheduled Flow Reduction procedure is shown below, so you can refer to it in these exercises.

[image: image3.png]Action Taken Unscheduled Flow Percent Curtailment Required in
Step | Action Description b Party(s) Affected Accomodation Level | Contributing Schedule
10-15% 15-19%20-29% [ 30-49% [50+%

Operate controllable Controllble devices in
1 |devices in Path Path Operator _|transfer Path

50 MW or 5% of path
Accomodation Path Operator |Schedules across the Path |transfer limit

50 MW or 5% of path
Schedules in other paths _|transfer limit
50 MW or 5% of path

First level curtailment Others

5 |Second level curtailment |Others Schedules in other paths _|transfer limit 10 15 25
75 MW or 6% of path

6 |Accomodation Path Operator |Schedules across path transfer limit 10 15 25
75 MW or 6% of path

7__|Third level curtailment Others. Schedules in other paths _|transfer limit 10 15 20 30

100 MW or 7% of path
8 |Accomodation Path Operator |Schedules across path transfer limit 10 15 20 30
100 MW or 7% of path
transfer limit

9 |Fourth level curtailment | Others Schedules in other paths 10 15 20 25 35





4.11.2 Electrical Distance Diagram

The electrical distance diagram for the PALCO system operating in a large looped configuration is shown below. This is the configuration that you will set up in your exercises.
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4.11.3 Case Set Up

Load the noon case and start the PowerSimulator.

Run the event file named Big Loop.

The PALCO control area is currently exporting 450 MW to the EXCO area.

Assume that the total schedule is broken down into a number of individual schedules between various generating stations and the External stations:

1. Homer-External 100 MW schedule on a counter clockwise path

2. Farlie-External 100MW – scheduled on a counter clockwise path.

3. Doyle – External 100 MW – scheduled on a counter clockwise path

4. Crawford – External 100 MW. – scheduled on a clockwise path

5. .Amus – External  50 MW scheduled on a clockwise path.

For this analysis, assume that the External station electrically coincides with the Jenkin station.

4.11.4 Contributing Schedules

Which schedules are contributing to the unscheduled flow on the  overloaded Oakdale-Crawford path.

A. All

B. Farlie-External, 

C. Amus-External. Crawford-External

D. Doyle-External, Farlie-External, Homer-External

E. None

4.11.5 Second Level Curtailment for Crawford-Oakdale Path

Which set of schedules would be cut at the Second Level Curtailment of the WECC Procedure to reduce overloads on the Crawford-Oakdale path?

A. All

B. Doyle-External

C. Farlie-External and Doyle-External

D. Amus-External. Crawford-External

E. Homer-External

4.11.6 Fourth Level Curtailment for Crawford-Oakdale Path

Which schedules would be cut at the Fourth Level Curtailment of the WECC Procedure to reduce overloads on the Crawford-Oakdale path?

A. All

B. Doyle-External, 

C. Amus-External. Crawford-External

D. Doyle-External and Farlie-External

E. Farlie-External,  Doyle-External, Homer-External

4.11.7 First Level Curtailment for Locher-Ash Path

Which schedules would be cut at the First Level Curtailment of the WECC Procedure to reduce overloads on the Locher-Ash path?

A. All

B. Doyle-External, 

C. Amus-External. Crawford-External

D. Doyle-External and Farlie-External

E. None

4.11.8 Corrective Re-dispatch Exercise

Redispatch the generation in the PALCO system until you have all lines within their STE limits. Do not shed any load. Your objective is to redispatch the system for around 30 minutes and to try to minimize the MVA overloads. 

You will calculate your penalty points as follows

1. 5 points for each line with a 0 to 5% MVA overload

2. 10 points for each line with a 6 to 10% overload

3. 20 points for each line with a 10 to 20% overload

4. 50 point for each line with more than 21% overload

	STEP
	ACTION
	OBSERVATION
	DOCUMENT VALUE

	System

	
	Load Noon Case

	
	Select Event File name “Big Loop”

	5
	Redispatch System to minimize overloads

	
	After 30 minutes Pause PowerSimulator

	6
	
	Add 5 penalty points for each line with a 0 to 5% MVA overload
	

	7
	
	Add 10 penalty points for each line with a 6 to 10% MVA overload
	

	8
	
	Add 20 penalty points for each line with a 11 to 20% MVA overload
	

	9
	
	Add 50 penalty  points for each line with more than 21% MVA overload
	

	10
	
	Add up your total of penalty points
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