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Course 3: Reliable Switching Operations

Exercises

Module 3.1 Transferring Equipment Between Sources 

3.1.1 Clear Homer 230 kV Bus

For this exercise we are going to clear the Homer 230 kV Bus 2 for relay maintenance. You will be asked to record some readings before and after the switching is completed and you will be given detailed switching instructions. 

Load the 06:00 Base Case and start the Simulator.

Record the following readings at the Homer station.

1. Homer 230 kV Bus 2 kV. _______

2. Homer 230 kV Bus 2 phase angle. _____

3. Jenkin- Homer Line MW. _______

4. Jenkin – Homer Line MVAR. ________

Which set of values matches most closely with your readings?

A. 230 kV, -3 degrees, 114 MW Out, 6.7 MVAR In

B. 230 kV, -3 degrees, 25 MW Out, 10 MVAR Out

C. 137 kV, -5 degrees, 114 MW Out, 6.7 MVAR In.

D. 137 kV, -5 degrees, 114 MW Out, 6.7 MVAR In.

3.1.2  Switching Order

Please review the following switching instructions. Please hold off implementing these instructions with PowerSimulator until you have answered the questions.

1. Make sure all men, tools and equipment are in the clear.

2. The normal operating position for breakers 12, 11, 3 and 6 are open. Check to see if breakers 12, 11,3 and 6 open. If they are proceed.

3. Go to off on the automatic recloser for Breaker 8 connecting the Homer A to the 230 kV Bus 2.

4. Open Breaker 8 connecting the Homer A to the 230 kV Bus 2.

5. Open Breaker 14 connecting the Homer 24:230 kV Transformer to the Homer 230 kV Bus 2. 

6. Check that Breaker 11 connecting the Homer 230:138 kV Transformer 56 to the 230 kV Bus 2 is mechanically open.

7. If Breaker 11 connecting Transformer 56 to the Homer 230 kV Bus 2 is open, Open the 230kV Bus 2 side disconnects making sure all three blades are in the clear and lock open.

8. Check that Breaker 14 connecting Homer Transformer 57 to the Homer 230 kV bus 2 is mechanically open.

9. If Breaker 14 connecting Homer transformer 57 to the Homer 230 kV bus 2 is open, Open the 230kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

10. Check that Breaker 2 connecting the Homer-Grange 2 Line to the Homer 230 kV bus 2 is mechanically open. If Breaker 2 is open, Open the 230 kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

11. Check that Breaker 6 connecting the Homer-Grange 1 Line to the Homer 230 kV bus 2 is mechanically open. If the breaker 6 is open, Open the 230 kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

12. Check that Breaker 8 connecting the Homer A Load to the Homer 230 kV bus 2 is mechanically open. If Breaker 8 is open, Open the 230 kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

Will this procedure clear the Homer 230 kV Bus 2 so that it is ready and safe for relay maintenance?

A. Yes

B. No

3.1.3  Modified Order

Please review the following updated set of switching Instructions. Please hold off implementing these instructions with PowerSimulator until you have answered the questions.

1. Make sure all men, tools and equipment are in the clear.

2. The normal operating position for breakers 12, 11, 3 and 6 are open. Check to see if breakers 12, 11,3 and 6 open. If they are proceed.

3. Go to off on the automatic recloser for Breaker 8 connecting the Homer A Load to the 230 kV Bus 2.

4. Open Breaker 8 connecting the Homer A Load to the 230 kV Bus 2.

5. Open Breaker 14 connecting the Homer 24:230 kV Transformer 57 to the Homer 230 kV Bus 2. 

6. Check that Breaker 11 connecting the Homer 230:138 kV Transformer 56 to the 230 kV Bus 2 is mechanically open.

7. If Breaker 11 connecting Transformer 56 to the Homer 230 kV Bus 2 is open, Open the 230kV Bus 2 side disconnects making sure all three blades are in the clear and lock open.

8. Check that Breaker 14 connecting Homer Transformer 57 to the Homer 230 kV bus 2 is mechanically open.

9. If Breaker 14 connecting Homer transformer 57 to the Homer 230 kV bus 2 is open, Open the 230kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

10. Check that Breaker 3 connecting the Homer-Grange 2 Line to the Homer 230 kV bus 3 is mechanically open. If Breaker 3 is open, Open the 230 kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

11. Check that Breaker 6 connecting the Homer-Grange 1 Line to the Homer 230 kV bus 2 is mechanically open. If the breaker 6 is open, Open the 230 kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

12. Check that Breaker 8 connecting the Homer A Load to the Homer 230 kV bus 2 is mechanically open. If Breaker 8 is open, Open the 230 kV bus 2 side disconnects making sure all three blades are in the clear and lock open.

Will this procedure clear the Homer 230 kV Bus 2 so that it is ready and safe for relay maintenance?

A. Yes

B. No

3.1.4 Impact of Bus Outage

If the switching procedure from Question 3 is implemented, which of the following statements will be true. Please answer the question, before implementing the procedure with PowerSimulator. It is important to be able to anticipate the effects of switching actions before you implement them.

A. There will be no change in any MW flows

B. The Homer A load will be tripped

C. The Jenkin-Homer line will be overloaded

D. The Homer 230:138 kV bank will be overloaded

3.1.5 Readings with Bus Outage

Using the 6:00 AM base case to implement the following steps of the switching procedure from Question 3 that involve opening or closing breakers using PowerSimulator.

1. Check to see if breakers 12, 11,3 and 6 open. If they are proceed.

2. Open Breaker 8 connecting the Homer A Load to the 230 kV Bus 2.

3. Open Breaker 14 connecting the Homer 24:230 kV Transformer 57 to the Homer 230 kV Bus 2. 

Record the following readings:

1. Homer 230 kV Bus 2 kV. ________

2. Homer 230 kV Bus 2 phase angle. _____

3. Jenkin- Homer Line MW. _______

4. Jenkin – Homer Line MVAR. _______

Which set of values matches most closely with your readings?

A. 0 kV, 0 degrees, 55 MW Out, 25 MVAR Out

B. 0 kV, 0 degrees, 295 MW Out, 12 MVAR Out

C. 226 kV, -6 degrees, 55 MW In, 25 MVAR Out

D. 226 kV, -6 degrees, 295 MW Out, 12 MVAR Out

3.1.6 Operating Security Limits

Did this clearance cause the transmission system to enter in to and Operating Security Limit violation?  

A. Yes 

B. No

3.1.7 Component in OSL

What part of the transmission system entered in to the OSL?

A. The Homer #57 transformer bank

B. The Homer A 230 kV line

C. The Jenkin-Homer 230 kV Line

D. All of the above

3.1.8 Transfer Homer-Grange 2 Line

For Questions 8 through 11 we will ask you to Load the 6:00 AM Base Case and start PowerSimulator. You can avoid this step and just keep PowerSimulator running. You have to make sure that you start each exercise with the Homer station configured so that Breakers 3, 6, 11 and 12 are open and the remaining breakers are closed.

Please notice that these are not detailed switching instructions but rather the sequence for opening and closing breakers.

Load the 6:00 Am Base case and start PowerSimulator.

What is the correct sequence of breaker operations to transfer the Homer-Grange 2 line from Bus 1 to Bus 2?

A. Open Breaker 2 and Close Breaker 3

B. Close Breaker 6 and Open Breaker 2

C. Close Breaker 3 and Open Breaker 2

D. Close Breaker 3 and Open Breaker 1

3.1.9 Transfer Homer-Grange and Moses-Homer Lines

What is the correct sequence of breaker operations to transfer the Homer-Grange 2 and the Moses-Homer lines from Bus 1 to Bus 2?

A. Open Breaker 2 and Close Breaker 3

B. Close Breaker 6 and Open Breaker 2

C. Close Breaker 3 and Open Breaker 2

D. Close Breaker 3 and Open Breaker 1

3.1.10 Transfer Homer Unit and Jenkin-Homer Line

What is the correct sequence of breaker operations to transfer the Homer Unit to Bus 1 and transfer the Jenkin-Homer line to Bus 2?

A. Close Breaker 12 and Open Breaker 14

B. Close Breaker 12 and Open Breaker 13

C. This configuration cannot be accomplished.

D. Open Breaker 14 and Open Breaker 8.

3.1.11 Transfer Homer Unit and Jenkin-Homer Line

What is the correct sequence of breaker operations to transfer the Homer Unit to Bus 1 and leave the Jenkin-Homer Line connected to Bus 2?

A. Close Breaker 12 and Open Breaker 14

B. Close Breaker 12 and Open Breaker 13

C. Open Breaker 14 and Open Breaker 8.

D. Open Breaker 8 and Close Breaker 14

Module 3.2 Switching a Line out of Service

3.2.1 Readings Before Line Outage at Airport

This first series of Questions is based on a PowerSimulator exercise in which you will clear the Airport – Kincaid 138 kV line for the transmission line crew to replace a broken pole. This is a clearance that has to be done ASAP due to safety implications.

For this exercise you will need to load the NOON Base Case. You will be asked to record various readings before and after the switching is done.  Since this is not a pre- arranged clearance there are no detailed instructions. Instead you will be asked to fill in the sequence of breaker operations. It is understood that you should issue detailed instructions to the field personnel including checking any operated breaker to be mechanically open before opening any disconnects for tagging.

Load the NOON Base Case and start PowerSimulator.

Take a few minutes to look around the system then proceed as follows:

Please record the following readings at the Airport substation.

1. Airport 138 kV Bus 3 kV    __________

2. Kincaid – Airport 138 kV Line MW _______

3. Kincaid – Airport 138 kV Line MVAR________

Which set of readings is closest to your recordings?

A. 140 kV, 22 MW In, 1 MVAR In

B. 140 kV, 22 MW Out, 1 MVAR Out

C. 130 kV, 22 MW In, 1 MVAR In

3.2.2 Readings Before Line Outage at Kincaid

Please record the following readings at the Kincaid substation.

1. Kincaid 138 kV Bus 2 kV. ______

2. Kincaid 138 kV Bus 3 kV ______

3. Kincaid-Airport 138 kV Line MW. ______

4. Kincaid-Airport 138 kV Line MVAR. ______

Which set of readings is closest to you recordings?

A. 139 kV, 139 kV, 22 MW Out, 15 MVAR In

B. 139 kV, 139 kV, 22 MW Out, 15 MVAR Out

C. 139 kV, 139 kV, 44 MW In, 15 MVAR In

3.2.3 Sequence to De-energize Kincaid-Airport

Please plan the correct sequence for de-energizing the Kincaid-Airport line. Remember, this needs to be done for safety implications. The pole is broken and in danger of falling on a busy street. You can call up both Kincaid and Airport station diagrams in their own windows to plan the correct sequence. Please do not implement the sequence with PowerSimulator until after you have answered the question. In the real system, you will need to plan out your entire switching procedure before implementing it.

A. Open Breaker 7 and Breaker 6 at Kincaid, Close breaker 9 at Kincaid, Open breaker 8 at Airport

B. Close Breaker 9 at Kincaid, Open Breaker 7 and Breaker 6 at Kincaid, Open breaker 8 at Airport

C. Open Breaker 8 at Airport, Open Breaker 7 and Breaker 6 at Kincaid. 

D. Close Breaker 9 at Kincaid, Open Breaker 8 at Airport, Open Breaker 7 and Breaker 6 at Kincaid.

3.2.4 Readings at Airport with Airport end Opened

Using PowerSimulator Close Breaker 9 at Kincaid then Open Breaker 8 at Airport to open the Airport end of the Kincaid-Airport line.

Please record the following readings at the Airport substation.

1. Airport 138 kV Bus 3 kV    __________

2. Kincaid – Airport 138 kV Line MW _______

3. Kincaid – Airport 138 kV Line MVAR________

Which set of readings is closest to you recordings?

A. 139 kV, 0 MW, 0 MVAR

B. 143 kV, 0 MW, 0 MVAR

C. 139 kV, 0 MW, 16 MVAR In

3.2.5 Readings at Kincaid with Airport end Opened

Please record the following readings at the Kincaid substation.

1. Kincaid 138 kV Bus 2 kV. ____

2. Kincaid 138 kV Bus 3 kV ____

3. Kincaid – Airport 138 kV Line MW. ____

4. Kincaid - Airport 138 kV Line MVAR. _______
Which set of readings is closest to you recordings?

A. 139 kV, 139 kV, 0 MW, 0 MVAR

B. 139 kV, 139 kV, 0 MW, 16 MVAR In

C. 139 kV, 139 kV, 40 MW Out, 5.5 MVAR In

3.2.6 Readings at Airport with Kincaid end Opened

Using PowerSimulator Open the Kincaid end of the Kincaid-Airport line.

It is important to check all your readings after the switching is complete as a cross check. Do this before you issue any clearance.

Please record the following readings at the Airport substation.

1. Airport 138 kV Bus 3 kV. ______

2. Kincaid-Airport 138 kV Line MW ______

3. Kincaid-Airport 138 kV Line MVAR  _______

Which set of measurements is closest to your recordings?

A. 143 kV, 0 MW In, 0 MVAR In

B. 139 kV, 0 MW Out, 16 MVAR In

C. 137 kV, 0 MW In, 0 MVAR In

3.2.7 Readings at Airport with Kincaid end Opened

Please record the following readings at the Kincaid substation.

1. Kincaid 138 kV Bus 2 kV. _____

2. Kincaid 138 kV Bus 3 kV _______

3. Kincaid – Airport 138 kV Line MW. _______

4. Kincaid - Airport 138 kV Line MVAR. _______

Which set of readings is closest to you recordings?

A. 141 kV, 141 kV, 0 MW, 0 MVAR

B. 137 kV, 137 kV, 0 MW, 0 MVAR

C. 137 kV, 137 kV, 39 MW Out, 8 MVAR In

3.2.8 Make before Break

What rule in the list below was applied for this clearance when switching at Kincaid?

A. Make before Break

B. Kirchoff’s law

C. Sadinsky effect.

D. None of the Above

3.2.9 Objectives

If the correct sequence was followed you minimized which effect on the transmission lines?

A. Sease Effect

B. Thevenin’s Effect

C. Faraday Law

D. Ferranti Rise Effect

3.2.10 What Happens when we Open Strong End First

Load the Noon case and start PowerSimulator.  In this sequence you will open the strong end of the Kincaid-Airport line first. This is the WRONG procedure. Do not use this procedure on your own system. It is being used just to demonstrate how high voltages can occur.

Close Breaker 9 at Kincaid.  Open Breaker 7 and Breaker 6 at Kincaid.

Please record the following readings at the Airport substation.

1. Airport 138 kV Bus 3 kV. ______

2. Kincaid-Airport 138 kV Line MW ______

3. Kincaid-Airport 138 kV Line MVAR  _______

Which set of measurements is closest to your recordings?

A. 143 kV, 0 MW In, 17 MVAR In

B. 139 kV, 0 MW Out, 0 MVAR In

C. 143 kV, 23 MW In, 15 MVAR Out

3.2.11 What Happens when we Open Strong End First and do not Make before Break?

Load the Noon case and start PowerSimulator.  

In this sequence you will open the strong end of the Kincaid-Airport line first. This is the WRONG procedure. 

You will also not apply the Make before Break rule at Kincaid. This is also the WRONG procedure.

Do not use these procedures on your own system. It is being used just to demonstrate how high voltages can occur.

Open Breaker 7 and Breaker 6 at Kincaid.

Please record the following readings at the Airport substation.

1. Airport 138 kV Bus 3 kV. ______

2. Kincaid-Airport 138 kV Line MW ______

3. Kincaid-Airport 138 kV Line MVAR  _______

Which set of measurements is closest to your recordings?

A. 151 kV, 0 MW In, 19 MVAR In

B. 139 kV, 0 MW, 0 MVAR

C. 151 kV, 24 MW Out, 2.4 MVAR Out

3.2.12 Reason for Voltage Rise

Why does the Airport 138 kV Bus 3 Voltage rise to 151 kV in the scenario for Question 11 when we do not apply the Make before Break rule?

A. The voltage support path from Homer to Kincaid to Tanton to Airport was opened.

B. The voltage support path from Farlie to Ells to Dolye to Airport was weakened.

C. The voltage support path from Locher to Moses to Airport was opened.

Module 3.3 Unit Motoring with Stuck Breaker

3.3.1 Farlie to Come Off line

Load the 06:00 Base Case:

For this exercise the Farlie generation unit has to come off line ASAP due to a steam tube leak in the penthouse on the boiler. It is bad enough that they must come off line now and cannot make it across the peak. Breakers 2 & 9 in the switchyard must be opened to clear the unit. These breakers are under the control of the plant operator and the system dispatcher has control of all of the rest of the 230 kV breakers and the 138 kV breakers.

Simulate the actions of the plant operator taking the unit off-line. Put the Farlie unit into MAN mode. Set the ramp rate to 200 MW per minute. Set the MW Set point to zero. It would normally take the plant operator about 15 minutes to get the unit off but we have increased the ramp rate to avoid an unnecessary wait time.

Under the Tables display, call up the Breakers display. Filter this to the Farlie station.  Disable Breaker 2, Breaker 12 and Breaker 14.

Open breaker 9 connecting the Farlie transformer 48 to the 230 kV Bus 2. Observe that this opens on your supervisory display. Attempt to open breaker 2 connecting the Farlie transformer 48 to the 230 kV Bus 1. Observe that this does not open. Make a second attempt to open Breaker 2. Observe the same results.  In few minutes the system operator gets a call from the shift foreman at the unit saying they have attempted everything that they know to open the stuck breaker including trying the manual trip located inside the control cabinet and they need you to help them get the unit cleared. 

What should you do to safely clear the unit and stuck breaker?

A. Nothing it is the plants responsibility to clear the unit

B. Tell him to close breaker 9 connecting the Farlie transformer 48 to the 230 kV Bus 2 making parallel and then open the bus side disconnects on breaker 2 connecting the Farlie transformer 48 to the 230 kV bus 1 breaking parallel.

C. Clear the 230 kV bus 1

D. Clear the 230 kV bus 2

3.3.2 Procedure to Clear Farlie Bus 1

To clear the 230 kV bus 1 as requested what breakers must be opened?  

A. Breaker 1 connecting the Farlie – Ells 230 kV line to the 230 kV bus 1, breaker 4 connecting the Farlie transformer   45 to the 230 kV bus 1 and breaker 3 connecting the Farlie – Dawson 230 kV line to the 230 kV bus 1.

B. Breaker 7 connecting the Farlie transformer   45 to the Grange 2 - Farlie 230 kV line, breaker   6 connecting the Farlie – Dawson 230 kV line to the Grange 1 – Farlie 230 kV line and breaker 5 connecting the Farlie – Ells 230 kV line to the External – Farlie 230 kV line.

C. Both A & B

D. Breaker 1 connecting the Farlie – Ells 230 kV line to the 230 kV bus 1, breaker 4 connecting the Farlie transformer   45 to the 230 kV bus 1, breaker 3 connecting the Farlie – Dawson 230 kV line to the 230 kV bus 1 and breaker   15 connecting the Farlie transformer   45 to the 138 kV bus 3.

3.3.3 Farlie Bus Configuration

What bus configuration is used at Farlie to allow you to do this with out taking any lines out of service?

A. Double Bus/Double breaker

B. Ring Bus

C. Breaker and ½

D. Main / Auxiliary bus

3.3.4 Bus Cleared

What happens to the Farlie unit when Bus 1 is cleared?

A. It trips off line.

B. It runs back to deliver the house load as a separate island.

C. It remains synchronized with the system.

3.3.5 Take Unit Off Line

Set the Unit mode for Farlie to OFF. What happens?

A. The unit terminal voltage goes to zero.

B. The unit auxiliary load goes to zero.

C. A and B

D. The unit stays on-line

Module 3.4 Line Re-energization with Breaker and Half Bay

3.4.1 Remove Oakdale-Crawford 1 Line

Load the 6:00 AM case. Take the Oakdale-Crawford 1 line out of service. Open the weak end first. Open the bus breaker before the middle breaker.

What is the correct sequence of operations?

A. At Oakdale Open Breaker 7 then Open Breaker 8, at Crawford open Breaker 11 then open Breaker 10.

B. At Crawford Open Breaker 7 then Open Breaker 8, at Oakdale open Breaker 11 then open Breaker 10.

C. At Crawford open Breaker 11 then open Breaker 10 at Oakdale Open Breaker 7 then Open Breaker 8, 

3.4.2 Remove Oakdale-Crawford 2 Line

This is a continuation from the previous exercise. Take the Oakdale-Crawford 2 line out of service. Open the weak end first. Open the bus breaker before the middle breaker.

What is the correct sequence of operations?

A. At Crawford Open Breaker 9, at Oakdale open Breaker 8.

B. At Crawford Open Breaker 9, at Oakdale open Breaker 8.

C. At Crawford Open Breaker 10, at Oakdale open Breaker 8.

3.4.3 Restore Oakdale-Crawford 2 Line

This is a continuation from the previous exercise. Return the Oakdale-Crawford 2 line to service. Close the strong end first. Be careful to respect the outstanding clearance on the Oakdale-Crawford 1 line.

What is the correct sequence of operations?

A. At Crawford close Breaker 9, at Oakdale close Breaker 9.

B. At Crawford close Breaker 10, at Oakdale close Breaker 8.

C. At Crawford close Breaker 11, at Oakdale close Breaker 7

3.4.4 Restore Oakdale-Crawford 1 Line

This is a continuation from the previous exercise. Return the Oakdale-Crawford 1 line to service. Close the strong end first. 

What is the correct sequence of operations?

A. At Crawford close Breaker 11 and Breaker 10; at Oakdale close Breaker 7 and Breaker 8.

B. At Crawford close Breaker 9 and Breaker 10; at Oakdale close Breaker 9 and Breaker 8.

C. At Crawford close Breaker 9 and Breaker 10; at Oakdale close Breaker 8 and Breaker 9.

3.4.5 Readings Prior to Outage

In the following exercise you will be switching lines in and out of service in substations with Breaker and half bay configurations. As always you will be given detailed switching instructions and you will be asked to record some readings before and after switching.

Load the 06:00 Base Case

During the night you have experienced some severe thunderstorms across your service area. There was also a report of a tornado near the Homer Generating Plant. You have had many transmission line relays but the ones around Homer were hit very hard. After a patrol of the lines during the night it was determined that two lines must be taken out of service to make emergency repairs. They are the Moses – Homer 230 kV line and the Kincaid – Homer 230 kV line. There are extra crews in the area so the work will take place simultaneously. 

At the Homer substation which readings are closest to the MVA found on the Moses- Homer 230 kV line and the Kincaid – Homer 230 kV line?

A. 26 MVA and 28 MVA

B. 56 MVA and 66 MVA

C. 94 MVA and 25 MVA

D. 49 MVA and 26 MVA

3.4.6 Rule Applied for Clearance

Detailed Switching Instructions

Homer – Kincaid 230 kV Line

At the Kincaid Substation:

1. Go to off on the auto recloser on the Kincaid – Homer 230 kV line breaker 2 connecting the Kincaid – Homer 230 kV line to the 230 kV bus 1.

2. Open the Kincaid – Homer 230 kV line Breaker 2 

3. Check the Kincaid – Homer 230 kV line Breaker 2 to be mechanically open. 

4. If the Kincaid – Homer 230 kV line Breaker 2 is mechanically open, open the line side disconnects connecting to the 230kv bus 1 making sure all three blades are in the clear and lock open.

5. Check the Kincaid – Homer 230 kV line to the Kincaid Moses 230 kV line tie breaker 1 to be mechanically open.

6. If the Kincaid – Homer 230 kV line to the Kincaid Moses 230 kV line tie breaker 1 is mechanically open, open the Kincaid – Homer 230 kV line side disconnects making sure all three blades are in the clear and locked open.

At the Homer Substation:

1. Check that the Homer 1 – Grange 230 kV line breaker 6 connecting the Homer 1 – Grange 230 kV line breaker 6 to the 230 kV bus 2 is mechanically open.

2. If the Homer 1 – Grange 230 kV line breaker 6 connecting the Homer 1 – Grange 230 kV line breaker 6 to the 230 kV bus 2 is mechanically open, close the disconnects connecting the Homer 1 – Grange 230 kV line breaker 6 to the 230 kV bus 2 making sure all three blades are in the jaws correctly and lock closed.

3. Close the Homer 1 – Grange 230 kV line breaker 6 connecting the Homer 1 – Grange 230 kV line breaker 6 to the 230 kV bus.

4. Go to off on the auto recloser on the Kincaid – Homer 230 kV line breaker 4 connecting the Kincaid – Homer 230 kV line to the 230 kV bus 1.

5. Open the Kincaid – Homer 230 kV line breaker 4 connecting the Kincaid – Homer 230 kV line to the 230 kV bus 1.

6. Go to off on the auto recloser on the Kincaid – Homer 230 kV line and the Homer 1 – Grange 230 kV line tie breaker 5.

7. Open the Kincaid – Homer 230 kV line and the Homer 1 – Grange 230 kV line tie breaker 5.

8. Check the Kincaid – Homer 230 kV line breaker 4 connecting the Kincaid – Homer 230 kV line to the 230 kV bus 1 to be mechanically open.

9. If the Kincaid – Homer 230 kV line breaker 4 connecting the Kincaid – Homer 230 kV line to the 230 kV bus 1 is mechanically open, open the line side disconnects to the Kincaid – Homer 230 kV line making sure all three blades are in the clear and lock open.

10. Check the Kincaid – Homer 230 kV line and the Homer 1 – Grange 230 kV line tie breaker 5 to be mechanically open.

11. If the Kincaid – Homer 230 kV line and the Homer 1 – Grange 230 kV line tie breaker 5 is mechanically open, open the disconnects connecting the Kincaid – Homer 230 kV line making sure all three blades are in the clear and lock open.

At the MOSES Substation:

1.  Go to off on the auto recluse on the Moses – Homer 230 kV line breaker 9   connecting the Moses – Homer 230 kV line to the 230 kV bus 2.

2. Open the Moses – Homer 230 kV line Breaker 9. 

3.  Go to off on the auto recloser on the Moses – Homer 230 kV line and the      Moses transformer 70 tie 230 kV beakers 8. 

4.   Open the Moses – Homer 230 kV line and the Moses Transformer 70 tie 230 kV beakers 8.  

5.  Check the Moses – Homer 230 kV line Breaker 9 to be mechanically open.

6.  If the Moses – Homer 230 kV line Breaker 9 is mechanically open, open the line side disconnects making sure all three blades are in the clear and lock open.

7.  Check the Moses – Homer 230 kV line and the Moses Transformer 70 tie 230 kV beakers 8 to be mechanically open.  

8. If the Moses – Homer 230 kV line to the Moses Transformer 70 230 kV line tie breaker 1 is mechanically open, open the Moses – Homer 230 kV line side disconnects making sure all three blades are in the clear and locked open.

At the Homer Substation:

1. Check that the Homer 2 – Grange 230 kV line breaker 3 connecting the Homer 2 – Grange 230 kV line breaker 6 to the 230 kV bus 2 is mechanically open.

2. If the Homer 2 – Grange 230 kV line breaker 3 connecting the Homer 2 – Grange 230 kV line breaker 3 to the 230 kV bus 2 is mechanically open, close the disconnects connecting the Homer 2 – Grange 230 kV line breaker 6 to the 230 kV bus 2 making sure all three blades are in the jaws correctly and lock closed.

3. Close the Homer 2 – Grange 230 kV line breaker 3 connecting the Homer 2 – Grange 230 kV line breaker 3 to the 230 kV bus.

4. Go to off on the auto recloser on the Moses – Homer 230 kV line breaker 1 connecting the Moses – Homer 230 kV line to the 230 kV bus 1.

5. Open the Moses – Homer 230 kV line breaker 1 connecting the Moses – Homer 230 kV line to the 230 kV bus 1.

6. Go to off on the auto recloser on the Moses – Homer 230 kV line and the Homer 2 – Grange 230 kV line tie breaker 2.

7. Open the Moses – Homer 230 kV line and the Homer 2 – Grange 230 kV line tie breaker 2.

8. Check the Moses – Homer 230 kV line breaker 1 connecting the Moses – Homer 230 kV line to the 230 kV bus 1 to be mechanically open.

9. If the Moses – Homer 230 kV line breaker 1 connecting the Moses – Homer 230 kV line to the 230 kV bus 1 is mechanically open, open the line side disconnects to the Moses – Homer 230 kV line making sure all three blades are in the clear and lock open.

10. Check the Moses – Homer 230 kV line and the Homer 2 – Grange 230 kV line tie breaker 2 to be mechanically open.

11. If the Moses – Homer 230 kV line and the Homer 2 – Grange 230 kV line tie breaker is mechanically open, open the disconnects connecting the Moses – Homer 230 kV line making sure all three blades are in the clear and lock open.

What principle or rule was applied at the Homer substation for this clearance?

A. The Sease Principle

B. The Auto Recloser Principle

C. The Make before Break rule

D. The transmission Line Rule

3.4.7 Reason to Open Weak End

Why was it important to open the lines at the ends further away from Homer first?

A. To avoid the Robin effect.

B. To ensure the generation stayed on line

C. To avoid the loop flow effect

D. To avoid the Ferranti effect

3.4.8 Sequence to Open Locher-Homer Line

You just received a call from the helicopter patrolling the lines after last night. They have found a broken cross arm Locher – Homer 230 kV line and reports the line must come out of service ASAP. What will be the correct steps to take the line out of service? It is assumed that you will issue detailed switching instructions like the ones written above. 

Which is the correct sequence to be used at the Homer Substation?

A. Open breakers 9 and 10 then close breaker 11

B. Open breakers 10 and 9 then close breaker 11

C. Close breaker 11 then open breakers 9 and 10

D. It makes no difference which sequence is followed.

3.4.9 End to Open First

Which end of the line will you open first?

A. Locher

B. Homer

C. It doesn’t matter

Module 3.5: Crew Dispatch and Fault Isolation

3.5.1 Oakdale 230 kV bus #2 Clearance 
For this exercise the Amus unit has been off line for its yearly outage.  You started the PowerSimulator using the 6:00 base case and Removed Amus from service.  You removed the Oakdale 230 kV bus #2 from service and gave a clearance to both relay and maintenance.  

What will be the effect of an outage of the Oakdale-Crawford 1 line?

A. An outage of the Oakdale-Nestle Line

B. An outage of the Oakdale-Crawford 2 line

C. An outage of the Oakdale A load

D. No effect

3.5.2 The Moses-Locher 230 kV line locked out.  

You have SCADA at Moses and can tell that the Moses-Locher 1 line has locked out but cannot read the relay targets. What do you do now? Our company’s policy is to test the line from the terminal away from the generation if possible.

A. Ask the operator if you can test energize the Moses-Locher 1 line from Locher.

B. Dispatch personnel to Moses.

C. Test energize the Moses-Locher 1 line from Moses via SCADA control.

D. All of the above

3.5.3 The Oakdale-Moses 230 kV line locked out.  

Next your SCADA indicated the Oakdale-Moses line has operated at both ends and is hot from the Moses end but no load is out.  You tried to close Moses circuit breaker #11 but it trips again.

Then you get a SCADA alarm that the Locher-Ash 2 line has operated and locked out due to tornado damage at the Locher end.

What do you do?

A. Tell the crew to keep working on the Moses-Locher 1 line.

B. Send the crew to work on the Locher-Ash 2 line
C. Tell the crews to go to a staging area and wait for instructions.
D. Tell the crew to stop everything and wait until you contact them.

3.5.4 The State of the System.  

Which statement most accurately describes the state of the system?

A. The Moses-Locher 1 and Locher-Ash 2 lines are out of service. The Oakdale-Moses line is open at the Moses end. 

B. The Moses-Locher 1 and Locher-Ash 2 lines are out of service. The Oakdale-Moses line is open at the Oakdale end. 

C. The Moses-Locher 1 and Locher-Ash 1 lines are out of service. The Oakdale-Nestle line is open at the Oakdale end. 

D. The Moses-Locher 2 and Locher-Ash 2 lines are out of service. The Oakdale-Moses line is open at the Oakdale end. 

3.5.5 Customer Voltage problems on Oakdale-Moses 230 kV Line  

Now you find out that loads along the Moses–Oakdale line have voltage problems. One large industrial has given you readings from his voltage source of Phase A 23 kV, Phase B 13 kV and Phase C 10 kV.  Moses substation reports that things look normal.

What do you do?

A. Tell the person at Moses thanks and send him on his way.

B. Tell the person at Moses to stay there until you contact him.

C. Call the crews at Oakdale and get readings there on the voltage for the Moses line.

D. Leave everything as is and wait for the clearance to end at Oakdale.

Have you checked everything that can be the cause of the problem at Oakdale?

A. yes

B. No

The relay crew calls back and gives you the voltage readings on the Moses 1 230 kV line. They are: Phase A 230 kV, Phase B 110 kV and Phase C 89 kV.  

What do you do?

A. Nothing and wait for the clearance to end before working on the Moses problem.

B. Open the Oakdale line at Moses putting all load on that line in the dark.

C. Ask management what to do

D. Notify the public that you are going to drop load in the area.

3.5.6 Northeast PALCO Transmission Limits  

Now your SCADA reports further trouble in the Northeast section of the system.  What is it?

A. One of the Ash-Amus lines is very near its thermal limit

B. Locher plant is at its MVAR limit

C. The MVAR situation in the northeast is very low.

D. None of the above

How do you correct this problem?

A. Have Locher produce more Mvars.

B. Have Baker produce more MWs and Mvars.

C. Close the bus tie breaker at Ash. (Breaker # 4)

D. Increase output of the Amus unit.

Did this correct the problem?

A. Yes

B. No
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