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Course 2: Simulator and Communication Protocols

Exercises

1 Module 2.1 Getting Started and Communicate for Results

There are no exercises for Module 2.1.

Module 2.2 System Monitoring and Visualization

1.1 System Map Displays

Load the Noon Base Case.   Take some time and study the System Map and then answer the following questions. The system map provides an overview of the line status, the line loading and ____?

A. Bus voltages

B. Clearance information

C. Interchange information

D. Time Error corrections

1.2 STE Limits

Look at the System Map for the Noon Case.  Which of the following statements is true.

A. All Line MVA Flows are less than the STE limits.

B. The Ricter-Doyle and Ricter-Beaver lines are above the STE limits.

C. The Ricter-Doyle, Ricter-Beaver lines, Grange-Farlie 1 & 2 lines are above their STE limits.

1.3 STE Limits – Over 80%

Look at the System Map for the Noon Case.  Which of the following statements is true.

A. All Line MVA Flows are less than 80% of the STE limits.

B. The Crawford-Baker 1 and Crawford-Baker 2 lines are loaded at more than 50% of their STE limits.

C. The Grange-Farlie 1, the Grange-Farlie 2 and the Stanton-Beaver lines are loaded above 80% but less than 100% of their STE Limit.

D. Both B and C are true.

1.4 Voltage Limits

Look at the System Map.  Which of the following statements is true.

A. The Cheshan and Grange stations have voltages close to the lower 95% limit.

B. The Vexley and Ricter stations are close to the 95% lower limit.

C. The Vexely and Ricter stations are close to the 105% upper limit

D. A and C are both true

Lines Mvars

What do the Oakdale – Moses 138 kV line, the Tanton-Copley 69 kV line and the Stanton – Airport 69 kV line all have in common?

A. They are absorbing MVARS.

B. They are Producing MVARS.

C. They are all operating at a desired state.

D.  None of the Above.

1.5  System State

Which of the following statements is true:

A. The System Map shows that the system is in an emergency state.

B. The System Map shows that the system is in a normal state.

C. The System Map shows that NERC Operating Security Limits are violated.

D. Both A and C are true.

1.6    Ells-Doyle Line Mvars

Calculate the Mvars produced by the Ells-Doyle Line.

Which value is closest to your answer?

A. 18 Mvars

B. 12.2 Mvars

C. 4.0 Mvars

D. 8.5 Mvars

1.7 Farlie-Grange 1 Line Losses

Calculate the MW losses on the Farlie-Grange 1 Line. Which value is closest to your answer?

A. 20.0 MW

B. 7.0 MW

C. 2.0 MW

D. 30.0 MW

Line with One End Open

When one-end of a line has been opened which statements are true about how the line will be shown on the system map?

A. The MW and MVAR flow at the open end will be zero.

B. The MW flow at the closed end will be zero or almost zero.

C. The MVAR flow at the closed end will be equal to the natural charging.

D. The line will be colored according to its nominal voltage level.

E. A, B, C and D are all true.

1.8 Impact of Doyle Generation

From the System Map in the Noon Case, which of the following statements are true? 

A. Decreasing generation at Doyle will ensure that there are no real-time STE MVA overloads.

B. Decreasing generation at Doyle will ensure that there are no Operating Security Limit violations.

C. Both A and B are true.

2 Module 2.3 System Components

2.1 Transfer Unit 2

For this exercise we will transfer Crawford Unit 2 from the Crawford 24kV bus 4 to the Crawford 24kv bus 3 and remove the Crawford transformer 35 from service. You will be given detailed switching instructions to follow just as you would have in real life, and you will be asked some follow up questions at the end.

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

Please take the readings as closely as possible to the times requested.

Record the following readings at the Crawford station at 6:02 AM.

1. MW output of Crawford Unit 1


2. Low side MW into Transformer 30

3. Low side MVAR into Transformer 30

4. MVAR losses for Transformer 30

Which set of values matches most closely with your readings?

A. 364 MW, 361 MW, 29 MVAR, 11 MVAR

B. 372 MW, 361 MW, 29 MVAR, -11 MVAR

C. 364 MW, 361 MW, 29 MVAR, 47 MVAR

D. 372 MW, 361 MW, 29 MVAR, -47 MVAR

Transfer Unit 2 – Switching Instructions

Now we will transfer Crawford Unit 2 to the Crawford 24 kV Bus 3 and remove the Crawford 230:24 kV #35 Transformer from service. 

Detailed Instructions:

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

2. Check Breaker 16, the 24 kV bus tie breaker between Bus 3 and Bus 4 to make sure it is mechanically open. 

3. If open, close Breaker 16 disconnects to the 24 kV bus 3. Make sure all blades are seated in the jaws correctly and lock closed. 

4. Close Breaker 16 disconnects to the 24 kV Bus 4 making sure all blades are seated in the jaws and lock close.  

5. Close breaker 16, the 24 kV bus tie breaker between bus 3 and bus 4, making parallel between 24 kV Bus 3 and 24 kV bus 4

6. Open breaker 17 connecting Transformer 35 to the 24 kV bus 4.

7. Open breaker 14 connecting Transformer 35 to the 230 kV bus 2

8. Open breaker13 connecting Transformer 35 to the Doyle-Crawford 1 230 kV line. 

9. Check that breakers 17, 14 and 13 are mechanically open. 

10. If open, open the Breaker 14 to the Transformer 35 230 kV disconnects making sure all three blades are open and in the clear and lock open. 

11. Open the Breaker 13 to the Transformer 35 230 kV disconnects making sure all three blades are open and in the clear and lock open. 

12. Open the Breaker 17 to the Transformer 35 24 kV disconnects making sure all three blades are open and in the clear and lock open.

 Record the following readings at the Crawford station around 6:05 AM.

1. MW output of the Crawford 1 Generator 

2. Low side MW into Transformer 30

3. Low side MVAR into Transformer 30

4. MVAR losses for Transformer 30

Which set of values matches most closely with your readings?

A. 364 MW, 361 MW, 29 MVAR, 11 MVAR

B. 369 MW, 736 MW, 73 MVAR, 44 MVAR

C. 364 MW, 361 MW, 29 MVAR,  -47 MVAR

D. 368 MW, 0 MW, 0 MVAR, 0 MVAR

Winding MVA

Review the Sorted Winding MVA display. Is the Crawford # 30 transformer over loaded?

A. Yes

B. No

2.2 Unloading Crawford Transformer

If the Crawford #30 transformer is overloaded, what must be done to bring it back into Operating Limits?

A. Take Crawford Unit 1 and Unit 2 off of AGC and hold at a steady state.

B. Reduce Generation on Crawford 1 and 2 units.

C. Increase system load 

D. You must drop load to fix the problem.

2.3 Reactive Resources

NERC Policy 2B 3.2.1 states that Reactive resources shall be dispersed and located electrically so that they can be applied effectively and quickly when contingencies occur. At the Tanton substation what type of reactive resource is found?

A. Shunt Capacitors

B. A Static Var compensator

C. Shunt Reactor

D. A Phase Angle Regulating Transformer

2.4 Open Breakers at Homer

Load the 6:00 AM case. Which Breakers are open in the Homer station?

A. Breakers 3, 6, 11 and 12

B. Breakers 3, 6, 9 and 10

C. Breakers 4, 6, 7 and 8

D. Breakers 11, 12, 16

2.5 Reactive Resources at Vexley

What Reactive resources are located at Vexley substation?

A. Synchronous Condenser

B. Static Var Compensator and Shunt Capacitor

C. Phase angle regulating Transformer

D. All of the above

2.6 Grange Breakers out for Maintenance

Load the Noon case and start PowerSimulator. Go to the Grange one line display. We need to take the breakers numbered 7,8 and 9 out of service to do relay maintenance. We also want to keep a path for continuous flow of power to serve Grange A and Grange B loads. What must we do in order for that to happen?

A. Just open breakers 7,8, and 9

B. Close the bus tie breaker 4 before opening breakers 7 & 8

C. Open breakers 7 & 8 before closing the bus tie 

D. The sequence does not matter.

2.7 Readings with Grange Breakers Out

This is a continuation of the previous exercise using the Noon Case. At Grange close the bus tie breaker and open breaker 7 and breaker 8.

What is the kV reading on Grange bus 2?

A. 230 kV

B. 220 kV

C. 207 kV

D. None of the above

2.8 Grange Bus Voltages 

Are the bus voltages at Grange acceptable?


A. Yes


B. No

2.9 Close Breaker 7 at Grange to Restore Line

Now close breaker number 7. Does this solve the voltage limit violation problem?


A. Yes


B. No

Module 2.4 Transmission Switching Protocols

2.10 Clear Airport 1 Series Line

Load the 6:00 AM Base Case and start PowerSimulator. Go to the Airport substation diagram and determine the Switching steps to prepare the Airport Series 1 Line for a clearance.

Which of the following procedures is the correct one for implementing this order.

A. Open Disconnect 3, Open Breaker 10, Open Disconnect 2, Open Breaker 11.

B. Open Breaker 10, Open Disconnect 3, Open Disconnect 2, Open Breaker 11.

C. Open Breaker 10, Open Breaker 11.

D. Open Breaker 10, Open the Disconnects on the Series 1 69 kV line side of breaker 10, Open Breaker 11, Open the Disconnects on the Series #1 69 kV line side of breaker 11.

2.11 Return Airport Series 1 Line to Service

Load the 6:00 AM base case. Start PowerSimulator. At the Airport substation, Open Breaker 10 and Breaker 11. Open the disconnects on the series 1 69 kV line side of breakers 10 and 11. Check that Breaker 10 and 11 are open.

Develop a switching procedure to place the Airport Series 1 Line In Service. Test your switching procedure with PowerSimulator.  

Which of the following procedures are valid for restoring the Airport Series Reactor to In-Service?

A. Close Disconnect 3, Close Breaker 10, Close Breaker 11, Close Disconnect 2

B.  Close the disconnects on the series 1 69 kV side of breakers 10 and 11, Close Breaker 10, Close Breaker 11

C. Close Breaker 10, Close Breaker 11.

D. Close Breaker 11, Close Disconnect 2, Close Breaker 10, Close Disconnect 3

2.12 Switching Order

Load the 6:00 Am base case and start PowerSimulator. Call up the Airport Station diagram.  Imagine that you are the Substation Switchman and you receive the following Switching Order from the PALCO Transmission Operator: Close Disconnect 3, Open Breaker 10. What should you do?

A. Ignore the Close Disconnect 3 step, since it is already closed and just implement the Open Breaker 10 step.

B. Activate the Close Button for the Motor Disconnect 3, since this is what you have been requested to do and then Open Breaker 10.

C. Ask the Transmission Operator to STOP the order.

2.13 Clear Jenkin 230 kV Bus and Transformer – Initial Readings

For this exercise we will clear the Jenkin 230 kV Bus 1 and the 230:69 kV transformer for maintenance. We will be using the 6:00 Base Case and will record bus and line readings before and after the switching. You will be issued detailed switching instructions to follow.  Please record all readings as close to the time requested as possible. 

Load the 6:00 AM Base Case and start PowerSimulator.

Call up the Jenkin substation one line.

Please record the following readings:

1. Jenkins 230 kV Bus 1 voltage. 

2. Jenkin 230 kV Bus 2 voltage

3. Locher-Jenkin 230 kV Line MW.  

4. Jenkin-Homer 230 kV Line MW. 

5. Moses-Jenkin 69 kV Line MW. 

Which set of values most closely matches your recorded readings?

A. 226 kV, 220 kV, 87 MW out, 112 MW in, 17 MW in

B. 226 kV, 226 kV, 87 MW in, 112 MW in, 17 MW in

C. 226 kV, 226 kV, 87 MW in, 112 MW in, 21 MW out

Review Switching Instructions

Review the following detailed Switching Instructions which have been prepared to isolate Jenkin 230 kV Bus 1 and the 230:69 kV transformer for maintenance. Verify the instructions using the Jenkin station diagram.

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

2. Go to OFF on the automatic recloser on 230 kV Breaker 1 connecting the Locher-Jenkin Line to the 230 kV Bus 1.

3. Open the 230 kV Breaker 1 connecting the Locher-Jenkin line to the 230 kV bus 1.

4. Go to off on the automatic recloser on the 230 kV Breaker 6 connecting the Jenkin – Homer Line to the 230 kV bus 1.

5. Open Breaker 6 connecting the Jenkin–Homer Line to the 230 kV bus 1. 

6. Open Breaker 4 connecting Jenkin 230:138 kV transformer 59 to the 230 kV bus 1. 

7. Open Breaker 5 connecting Jenkin 230:138 kV transformer 59 to the 230 kV bus 2.

8. Open Breaker 9 connecting Jenkin 230:138 kV transformer 59 to the 69 kV bus 4.

9. Check that Breakers 1,6,4,5 and 9 Circuit Breakers are mechanically open. 

10. If breakers 1, 6, 4, 5, and 9 Circuit Breakers are mechanically open. Open the disconnect on the 230 kV bus 1 side of Circuit Breakers 1, 6, and 4 making sure all three blades of the disconnects on the 230 kV bus 1 side of Circuit beakers 1, 6, and 4 are in the clear and lock open.

11. Open the disconnects on the Jenkin 230:138 kV transformer 59 side of Circuit breaker 5 making sure all three blades are in the clear and lock open.

12. Open the disconnects on the Jenkin 230:138 kV transformer 59 side of Circuit breaker 9 making sure all three blades are in the clear and locked open.

Which statements apply to the switching order?

A. The switching order is valid and should be implemented

B. There is an error step 4. The switchman should call a halt.

C. There is an error in step 8. The switchman should call a halt.

Implement Clearance – Record Readings

Use PowerSimulator to implement the breaker operations in the corrected switching procedure:

1. Open the 230 kV Breaker 1 connecting the Locher-Jenkin line to the 230 kV bus 1.

2. Open Breaker 6 connecting the Jenkin–Homer Line to the 230 kV bus 1. 

3. Open Breaker 4 connecting Jenkin 230:138 kV transformer 59 to the 230 kV bus 1. 

4. Open Breaker 5 connecting Jenkin 230:138 kV transformer 59 to the 230 kV bus 2.

5. Open Breaker 9 connecting Jenkin 230:138 kV transformer 59 to the 69 kV bus 3.

Please record the following readings:

1. Jenkins 230 kV Bus 1 voltage. 

2. Jenkin 230 kV Bus 2 voltage

3. Locher-Jenkin 230 kV Line MW.  

4. Jenkin-Homer 230 kV Line MW. 

5. Moses-Jenkin 69 kV Line MW. 

Which set of values most closely matches your recorded readings?

A. 226 kV, 220 kV, 87 MW out, 112 MW in, 41 MW out

B. 0 kV, 226 kV, 77 MW in, 102 MW in, 41 MW in

C. 226 kV, 226 kV, 87 MW in, 112 MW in, 21 MW out

2.14 Substation Designs

Of the following, which is not a substation bus designs?


A. Double Breaker/Double Bus


B. Ring Bus


C. City Bus


D. Breaker and ½

2.15 Which End Open First

When taking a transmission line out of service, which end should you open first?


A. The end that has the strongest electrical connection


B. The end that has the weakest electrical connection.


C. This is not an issue


D. The end that the substation operator gets to first.

Equipment Separated from Source

A piece of equipment that has been separated from the system energy sources is said to   be?

A. Cleared

B. Out of Service

C. Isolated

D. Disconnected

2.16 Inexpensive Substation Design

What is the simplest and least expensive design that allows two breakers for each element in the substation?

A. Breaker and ½

B. Double Breaker

C. Ring

D. Main and transfer bus

Clear Tanton Shunt Reactor 

Restart the 06:00 Base Case. Call up the Tanton one-line

You need to clear the 138 kV reactor bank and Circuit Breaker for maintenance

Is the 138 kV bus 2 voltage reading within the acceptable range on +/- 5%?

A. No

B. Yes

2.17 Procedure to Clear Reactor

What is the proper procedure to clear this piece of equipment?

A. Open the # 13 breaker and the bus disconnects.

B. Open the #13 breaker and open the reactor side disconnects

C. Open the breaker 13, check to be mechanically open. If open, open the disconnects on the 138 kV bus 2 side of breaker 13. Make sure all three blades are in the clear and locked open.

D. All of the above

2.18 Impact on Voltage

The 138 kV bus 2 voltage went up to 145 kV when the reactor was removed. Is this an acceptable operating range?

A. Yes

B. No 

2.19 Equipment Connected to Source

 ________ refers to a piece of electrical equipment that is connected to a source of system energy.

A. In Service

B. Grounded

C. Energized

D. None of the above

Principles

There are four basic principles a System Operator should adhere to at all times. Two are listed below. Which ones are they?

A. Be calm and cautious and know your systems and people.

B. You cannot use your procedures that take longer when trouble comes to the system.

C. If you know your system there is no need for plans and procedures.

D. B & C

2.20 Permission for Crews

When permission is granted for crews or other Control Centers to work on a transmission line and the line will not become intentionally re - energized should it become de-energized it is called a ________.

A. Clearance

B. Hot line Order

C. Transaction

D. 5 minute headway

2.21 Physical Isolation

A piece of equipment that has been physically isolated from all sources of possible feedback and that has been tagged is said to be ____________.

A. Grounded

B. Cleared

C. Out of Service

D. Energized
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