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	Comments


Tenaska recommends the following changes to the OGRR.  In general, we are very concerned about the risks associated with imposing a false speed signal in the gas turbine control system on a running machine.
	Revised Proposed Operating Guide Language


3.1.4.1
PGC Data Reporting

The PGC’s reporting QSE shall provide the following information to ERCOT Control Area Authority at the times specified:

	TIME
	INFORMATION

	Every 10 seconds
	· Generation net MW output

· Generation net MVAR

· Status of switching devices in switchyard

· Generating unit breaker status

· Generating unit High Operating Limit

· Generating unit Low Operating Limit

	Daily
	· Planned unit status,

· Planned unit capability (both hourly and daily), 

· Fuel limitations.

The reporting Entity will promptly report this condition to ERCOT Control Area Authority

	Annually
	· Seasonal capability where applicable,

· Planned maintenance schedules.  

This information shall be updated when it changes. 

	Upon request
	· Fuel capability as described in Section 6.2.7, Unit Alternative Fuel Capability Operating Guide Form, in conjunction with an Operating Condition Notice, Alert, Advisory, or Emergency Notice,


Each generator at a generation facility shall have an automatic speed governor in service while the generator is on line.  Testing and regulation performance of the speed governor shall be in accordance with Section 2.2.5, Turbine Speed Governors of these Operating Guides.  The generator is required to notify the ERCOT Control Area Authority, through its QSE, if the frequency response function of speed governor is not in service.

Each generation facility providing an Ancillary Service shall provide output consistent with the requirements of that Ancillary Service and ERCOT instructions.

In the event of an ERCOT declared Emergency, ERCOT may require the QSE to notify the generation facility through the reporting Entity and require it to increase or decrease generation or change voltage and reactive requirements in accordance with the Protocols.  The generation facility shall use its best efforts in meeting these required output levels in order that the ERCOT System can maintain safe and reliable operation.

It is the responsibility of all generators to carry an operational share of reactive support to insure adequate and safe Voltage Profiles are maintained in all areas of ERCOT.  To accomplish this, the following requirements shall apply to each generation facility.

· Each generation facility shall have Automatic Voltage Regulators and power system stabilizers in service as defined in Section 3.1.4.5, Automatic Voltage Regulators and Power System Stabilizers, below.

· The generation facility shall be designed and operated consistent with its obligations to supply Voltage Ancillary Service as required in the ERCOT Protocols and ERCOT Control Area Authority Procedures.

· ERCOT has the right and obligation to Dispatch the reactive output (VARS) of each generation facility within its design capability to maintain adequate transmission voltage in ERCOT.
· ERCOT and the TSP shall be notified of any equipment changes that affect the reactive capability of an operating generating unit no less than 60 days prior to implementation of the changes, and any such changes that decrease the reactive capability of the generating unit below the required level must be approved by ERCOT prior to implementation.

· High reactive loading or reactive oscillations on generation units should be communicated to the QSE, the transmission operator, and ERCOT as soon as practicable.

· The tripping off line of a generating unit due to voltage or reactive problems should be reported to ERCOT, the transmission operator, and the QSE as soon as practicable.
6.2.1.5

Gas Turbine Frequency Response Test Procedure
Description of the test (Option 1: Off-line Simulated Frequency change)
1. The frequency response function of the combustion turbine is tested Off-line at a simulated Load level that allows gas turbine governor to respond to simulated increase or decrease in Load without reaching Low or High Operating Limits.  
2. The test is performed by  / making a step-change to the signal  generator frequency signal to simulate a system frequency excursion from 60Hz per a frequency simulation test schedule.  This should create immediate step change in the frequency signal.
3. The test starts at time t0 when the frequency deadband is exceeded and the Gas Turbine Governor signal begins to respond to the step change in frequency signal, and the signal “Gas Turbine Frequency Response On becomes active.
4. The following signals should be recorded at least every 1 second: Unit FSR (fuel demand) governor signal Output, Gas Turbine Frequency Response On”.
5. The duration of the test is 100 seconds. After 100 seconds, the offset signal should be removed and gas turbine should return to pretest condition.
6. The test should be conducted both with positive and negative frequency offset.
7. The test is considered successful if 70% of the calculated  governor signal change is delivered within 15 sec. after the signal “Gas Turbine Frequency Response On” becomes active and maintained for 30 sec. (Since this is an off-line test the FSR will be used to determine the corresponding MW output contribution.) 
8. Droop should be set at 5% or less and a maximum frequency deadband of +/- 0.036Hz.
Testing method: (GE MKV Turbine Control System)
1. The control signal TNR is the gas turbine speed / load reference in terms of percent.  During startup this command varies from 0 – 100%.  After synchronization, TNR becomes a load reference and varies between 100% and 104% to command the power output from 0 – 100% rated load.

2. Constant settable droop (DWDROOP), speed / load control represents a method of formulating the gas turbine response as a function of unit power output.

3. Constant settable droop features an inner speed loop and an outer megawatt loop.  The speed control loop’s mission is to make turbine speed (TNH) match reference speed (TNRL).  The outer megawatt control loop formulates the droop governor response by creating a speed bias as a function of unit power output.

4. Normally a 4% droop is selected which means a 1% change in grid speed will result in a change in fuel flow equivalent to 25% of rated load.  Control constant for droop setting (DWKDG) is 0.023 %/MW.  This value is derived by taking the 4% nominal droop and dividing it by the base loaded CT nameplate (173.8 MW for GE 7241 with diesel fuel).

5. As shown in the control diagram, as grid speed is reduced (TNH), the error between TNRL (load turbine speed reference) and TNH (actual machine speed) increases.  This increased error is added to FSR (fuel reference signal) to become FSRN (the adjusted fuel signal) which will drive the fuel gas valves open to increase turbine load / generator output.  
Combustion Turbine Speed Control (GE MKV Control Diagram) 
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OPTION 2:  ACTUAL GOVERNOR RESPONSE OPERATIONAL DATA AND CALCULATION OF DROOP REPONSE (GE MKV Control System)
During the synchronization of the combustion turbine to the grid, the governor response becomes active to adjust the machine to the proper load needed to match with grid frequency. When the unit synchronizes, the machine will load until the speed error signal is below the TNKEDB deadband constant (0.02 HZ). The response at this time illustrates the response of turbine output to speed error.

By trending the following control signals, speed and megawatt values on the unit, the droop response can be calculated:

TNR

TN_ERR

TNH

DWATT
The following is a typical example of the data collection, calculation and plot of the governor droop response.

	 
	 
	L52GX1
	DWATT
	DWDROOP
	TNR
	TNRL
	TNH
	FSRN
	FSR
	TN_ERR

	Date
	Time
	Brkr Status 0=Open  1=Close
	MW
	MK5 Calc Droop (%)
	Speed Load Reference (%)
	Turbine Speed Reference (%)
	Speed (%)
	Speed Control Fuel Stroke Reference (%)
	Fuel Stroke Ref (%)
	Speed Error (%)

	20-Mar
	4:18:14.843
	0
	1.3
	0.03
	100.3
	100.27
	100.25
	20.83
	20.83
	0

	20-Mar
	4:18:15.343
	0
	1.3
	0.03
	100.3
	100.27
	100.24
	20.87
	20.87
	0

	20-Mar
	4:18:15.843
	1
	20.3
	0.04
	100.3
	100.26
	100.13
	22.04
	22.04
	0.12

	20-Mar
	4:18:16.343
	1
	-1.2
	0.08
	100.29
	100.21
	99.83
	24.58
	24.58
	0.36

	20-Mar
	4:18:16.843
	1
	3.8
	0.07
	100.3
	100.23
	100.05
	22.66
	22.66
	0.16

	20-Mar
	4:18:17.343
	1
	12.1
	0.1
	100.3
	100.2
	99.91
	23.94
	23.94
	0.27

	20-Mar
	4:18:17.843
	1
	6
	0.1
	100.3
	100.2
	99.98
	23.32
	23.32
	0.2

	20-Mar
	4:18:18.343
	1
	10.9
	0.11
	100.3
	100.19
	99.95
	23.66
	23.66
	0.22

	20-Mar
	4:18:18.843
	1
	7.5
	0.12
	100.3
	100.18
	99.98
	23.33
	23.33
	0.18

	20-Mar
	4:18:19.343
	1
	12.1
	0.13
	100.31
	100.18
	99.95
	23.7
	23.7
	0.21

	20-Mar
	4:18:19.843
	1
	9.3
	0.14
	100.31
	100.16
	99.96
	23.61
	23.61
	0.19

	20-Mar
	4:18:20.343
	1
	11
	0.15
	100.31
	100.16
	99.95
	23.7
	23.7
	0.19

	20-Mar
	4:18:20.843
	1
	9.5
	0.16
	100.32
	100.16
	99.96
	23.68
	23.68
	0.18

	20-Mar
	4:18:21.343
	1
	10.9
	0.17
	100.32
	100.15
	99.96
	23.68
	23.68
	0.17

	20-Mar
	4:18:21.843
	1
	10.2
	0.18
	100.32
	100.14
	99.96
	23.73
	23.73
	0.16

	20-Mar
	4:18:22.343
	1
	11
	0.18
	100.32
	100.14
	99.95
	23.85
	23.85
	0.17

	20-Mar
	4:18:22.843
	1
	10.3
	0.19
	100.33
	100.14
	99.95
	23.89
	23.89
	0.16

	20-Mar
	4:18:23.343
	1
	10.5
	0.2
	100.33
	100.13
	99.95
	23.94
	23.94
	0.16

	20-Mar
	4:18:23.843
	1
	10.5
	0.2
	100.33
	100.13
	99.96
	23.94
	23.94
	0.15

	20-Mar
	4:18:24.343
	1
	11.2
	0.21
	100.34
	100.13
	99.95
	24.05
	24.05
	0.16

	20-Mar
	4:18:24.843
	1
	10.9
	0.21
	100.34
	100.13
	99.95
	24.09
	24.09
	0.15

	
	
	L52GX1
	DWATT
	DWDROOP
	TNR
	TNRL
	TNH
	FSRN
	FSR
	TN_ERR

	Date
	Time
	Brkr Status 0=Open  1=Close
	MW
	MK5 Calc Droop (%)
	Speed Load Reference (%)
	Turbine Speed Reference (%)
	Speed (%)
	Speed Control Fuel Stroke Reference (%)
	Fuel Stroke Ref (%)
	Speed Error (%)

	20-Mar
	4:18:25.343
	1
	11.6
	0.21
	100.34
	100.13
	99.96
	24.08
	24.08
	0.14

	20-Mar
	4:18:25.843
	1
	11
	0.22
	100.34
	100.13
	99.95
	24.23
	24.23
	0.15

	20-Mar
	4:18:26.343
	1
	11.7
	0.23
	100.34
	100.12
	99.96
	24.19
	24.19
	0.14


[image: image1.emf]CT Governor Response Test 

-2

0

2

4

6

8

10

12

14

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5

Time (seconds)

Megawatts

59.8

59.85

59.9

59.95

60

60.05

60.1

MW

Frequency

Calculated Governor Droop = 2.1%

Unit Baseload = 170 MW

Delta Hertz = 0.078

Delta MW = 10.5


The spreadsheet and plot indicate a typical governor response for combustion turbine synchronization with the GE MKV control system.   The auto synch pushbutton [L83S_AUTO] is the trigger to start collecting data.  The following are some observations:

 

1. ½ second after the generator breaker closes, the actual machine speed (TNH) drops below 100% and the speed error (TN_ERR) increases well above the droop response deadband error of 0.02%.  Therefore governor droop response is active.  It also appears during this instant the generator is motorized. 

2. The starting point for the droop calculation is selected to be this point, ½ second after generator breaker closed, as it was the lowest speed level observed.  This data is highlighted in yellow. 

3. The ending point for the droop calculation is 8 seconds after breaker closing - enough time for speed and megawatts to stabilize.  This end point is highlighted in blue. 

4. Using the droop equation from OGRR - 192, a very aggressive droop response is obtained for the unit during this synchronization episode -  2.1%  which is significant better that the protocol requirement of 5%.
	Calculated Droop =  P * ∆Hz / 60 * ∆MW 

P= Gas Turbine Base Load (MW) = 170 MW

∆Hz = Change in Frequency = (TNH2 – TNH1) * 60 hz/100% = (99.96 - 99.83) * 60/100 = 0.078 Hz

∆MW = Change in Power Output (MW) = MW2 - MW1 = 10.5 - 0 = 10.5

P = 170 * 0.078 / 60 * 10.5 = 2.10%


This is where we would inject an offset to the measured speed signal
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Values in red are shown as typical example.
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