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  Other:  Changes in the NERC Reliability Standard, BAL-001-TRE-1, influenced the changes suggested in this NOGRR.
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On 10/22/15, OWG reviewed the 10/19/15 PDCWG comments and agreed to review the corresponding PDCWG comments regarding the related NPRR691 once they are filed.

On 11/17/15, OWG reviewed the 11/11/15 ERCOT comments and agreed to table NOGRR143 to allow additional time for the creation of an Impact Analysis.

On 12/15/15, there was no discussion.

	ROS Decision 
	On 1/7/16, ROS unanimously voted to recommend approval of NOGRR143 as recommended by OWG in the 12/15/15 OWG Report.  All Market Segments were present for the vote.

	Summary of ROS Discussion
	On 1/7/16, participants mentioned that NOGRR143 has been through numerous reviews and that all changes strictly align the language in order to be consistent with NERC Reliability Standard, BAL-001-TRE-1.
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	Revised Proposed Guide Language


2.2.7
Turbine Speed Governors

(1)
A Governor shall be in-service whenever the All-Inclusive Generation Resource is connected  to the ERCOT Transmission Grid.

(2)
Generation Resources that have not been evaluated in at least eight Frequency Measurable Events (FMEs) within 36 months shall conduct Governor performance tests for that Generation Resource within 12 months using one of the test methods or historical methods specified in Section 8, Attachment C, Turbine Governor Speed Tests.  The Resource Entity shall then provide test results to ERCOT.


(3)
All-Inclusive Generation Resources shall have a Governor droop characteristic and Governor Dead-Band setting no greater than those shown below in Table 1, Maximum Governor Dead-Band Settings, and Table 2, Maximum Governor Droop Settings, as defined below:
Table 1: Maximum Governor Dead-Band Settings

	Generator Type
	Max. Deadband

	Steam Turbines with
Mechanical Governors
	+/- 0.034 Hz

	Hydro Turbines with Mechanical Governors
	+/- 0.034 Hz

	All Other Generating
Units/Generating Facilities
	+/- 0.017 Hz

	Controllable Load Resources (CLR)
	+/- 0.036 Hz


Table 2: Maximum Governor Droop Settings

	Generator Type
	Max. Droop % Setting

	Combustion Turbine (Combined Cycle)
	4%

	All Other Generating
Units/Generating Facilities/ CLR
	5%











(4)
If ERCOT determines that ERCOT System reliability would be enhanced, for a defined period of time, ERCOT may direct WGRs under the control of a Special Protection System (SPS) to limit power increases due to frequency if there is risk of an SPS operation due to a low frequency FME.

2.2.8
Performance/Disturbance/Compliance Analysis

(1)
Performance/Disturbance/Compliance analysis shall be performed by ERCOT for the purpose of ensuring conformance with the Protocols and Operating Guides.  All All-Inclusive Generation Resources and Controllable Load Resources, except nuclear-powered Resources or WGRs with a permanent exemption approved by ERCOT, must respond to frequency disturbances with a Governor droop as specified in Section 2.2.7, Turbine Speed Governors. Each All-Inclusive Generation Resource and Controllable Load Resource based on participation in at least eight FMEs, shall meet a minimum 12-month rolling average initial Primary Frequency Response performance and sustained Primary Frequency Response performance of 0.75 as calculated in Section 8, Attachment J, Initial and Sustained Measurements for Primary Frequency Response.  When assessing conformance with the Protocols and Operating Guides, ERCOT shall evaluate the annual rolling average and may exclude from the performance analysis All-Inclusive Generation Resources or Controllable Load Resources in accordance with, but not limited to, the following conditions:
(a)
Operating within the larger of five MW or 2% of the High Sustained Limit (HSL) or the maximum capacity for low frequency disturbances;

(b)
Operating within the larger of five MW or 2% of the HSL or the maximum capacity above the LSL for high frequency disturbances;
(c)
For any Generation Resource carrying power augmentation, the maximum capacity will be computed as the HSL minus Non-Frequency Responsive Capacity (NFRC); or

(d)
Having a technical or physical limitation filed with the ERCOT client representative and approved by ERCOT.

(2)
Market Participants shall request an exemption from, or correction of, performance during an FME within 30 days of the MIS posting date of the “Initial and Sustained Frequency Response Unit Performance” report.
(3)
ERCOT will, on an as needed basis, utilize the Performance, Disturbance, Compliance Working Group (PDCWG) as a technical resource in providing input for types of technical or physical limitations that may be approved by ERCOT. 

(4)
ERCOT shall make a regular report on selected system disturbances, documenting the response of individual Generation Resources and Controllable Load Resources.  In addition, Resource Entities, QSEs, and individual members of the PDCWG are encouraged to work within their respective companies to enhance the performance of individual Generation Resource’s or Controllable Load Resource’s control systems through application of the results of the PDCWG studies. 
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Turbine Governor Speed Regulation Test for Mechanical-Hydraulic Governor

General Information

Unit Code (16 characters):   


Location (County):





Unit Name:  




Date of test:  





QSE:





Resource Entity:  




Steady State Speed Regulation at High-Speed Stop
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Where:

A =
Speed with speed changer set at high-speed stop and with throttle (or stop) valves open and machine running idle on the Governor.

B =
Speed with speed changer set at high-speed stop and when governing valves just reach wide-open position.

Steady State Speed Regulation at Synchronous Speed 
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Where:

C =
Speed with speed changer set for synchronous speed and with throttle (or stop) valves open and machine running idle on the Governor.

D =
Speed with speed changer set at the same position as in C above and when governing valves just reach wide open position.

Steady State Speed Regulation at Low-Speed Stop
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Where:

E =
Speed with speed changer set at low-speed stop and with throttle (or stop) valves open and machine running idle on the Governor.

F =
Speed with speed changer set at low-speed stop and when governing valves just reach wide-open position.
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E, F @ Low Speed Stop

C, D @ Sync. Speed

A, B @ High Speed Stop

Test Data

	Point
	A
	B
	C
	D
	E
	F

	Speed, RPM
	
	
	
	
	
	

	
	
	
	
	
	
	

	Frequency Hz
	
	
	
	
	
	


Speed Changer Travel Time:

(a)
From Low-Speed Stop to High-Speed Stop in _________seconds.

(b)
From High-Speed Stop to Low-Speed Stop in _________seconds.

Over-speed Trip Test Speed at _________rpm.

Comments: 











Submittal

Resource Entity Representative:  








QSE Representative:  










Date submitted to ERCOT Representative: 







Example of a Turbine Governor Speed Regulation Test for Mechanical-Hydraulic Governor
Steady State Speed Regulation at High-Speed Stop
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Where:

A =
Speed with speed changer set at high-speed stop and with throttle (or stop) valves open and machine running idle on the Governor.

B =
Speed with speed changer set at high-speed stop and when governing valves just reach wide-open position.

Steady State Speed Regulation at Synchronous Speed 
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Where:

C =
Speed with speed changer set for synchronous speed and with throttle (or stop) valves open and machine running idle on the Governor.

D =
Speed with speed changer set at the same position as in C above and when governing valves just reach wide open position.

Steady State Speed Regulation at Low-Speed Stop
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Where:

E =
Speed with speed changer set at low-speed stop and with throttle (or stop) valves open and machine running idle on the Governor.

F =
Speed with speed changer set at low-speed stop and when governing valves just reach wide-open position.
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E, F @ Low Speed Stop

C, D @ Sync. Speed

A, B @ High Speed Stop

Test Data

	Point
	A
	B
	C
	D
	E
	F

	Speed, RPM
	3850
	3570
	3600
	3310
	3500
	3210

	
	
	
	
	
	
	

	Frequency Hz
	64.2
	59.5
	60.0
	55.0
	58.3
	53.5


Speed Changer Travel Time:

(a)
From low-speed stop to high-speed stop in 
73
seconds.

(b)
From high-speed stop to low-speed stop in 
74
seconds.

Over-speed trip test speed at 
3965
rpm.

Comments: 











Turbine Governor Speed Regulation Test for Electro-Hydraulic Governor

General Information

Unit Code (16 characters):   


Location (County):





Unit Name:  




Date of test:  





QSE:





Resource Entity:  




Turbine Governor Speed Regulation Test Procedures

(a)
Simulate unit On-Line and turbine speed at 3600 RPM.

(b)
Set Load reference at minimum value.

(c)
Monitor valve demand signal and record as value “A” (in %).

(d)
Reduce speed until valve demand just reaches maximum value.
Record valve demand as value “B” (in %) and speed as value “C” (in RPM).

(e)
Set speed at 3600 and Load reference at maximum value.

(f)
Monitor valve demand signal and record as value “D” (in %).

(g)
Increase speed until valve demand just reaches minimum value.
Record valve demand as value “E” (in %) and speed as value “F” (in RPM).

Turbine Governor Speed Regulation Test Results

	
	A
	B
	C
	D
	E
	F

	Valve Demand (%)
	
	
	
	
	
	

	Speed (rpm)
	
	
	
	
	
	


Speed Regulation With Decreasing Speed


[image: image15.wmf](

)

(

)

100

3600

3600

100

´

-

´

-

=

C

A

B

R

D


Speed Regulation With Increasing Speed
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Comments:  











Submittal

Resource Entity Representative:  








QSE Representative:  










Date submitted to ERCOT Representative: 








Definitions 
	System Frequency Response
	This response is a function of two key variables: the Primary Frequency Response from Governors and Load dampening of the connected Load.

	Percent Droop Settings
	Also known as Frequency Regulation, Speed Regulation, Speed Sensitivity, Speed Error and others.  Percent droop is the percent change in nominal frequency that will cause generator output to change from no Load to full Load.  It is the change in steady state rotor speed, expressed in percent of rated speed, when power output is gradually reduced from rated to zero power.  A common percent droop setting is 5% for both high and low frequency excursions.

	Dead-Band
	The range of deviations of system frequency (+/-) that produces no turbine Governor response, and therefore, no frequency (speed) regulation.  It is expressed in percent of rated speed, Hz, or RPM.

	Valve Position Limiter
	A device that acts on the speed and Load governing system to prevent the Governor-controlled valves from opening beyond a pre-set limit.

	Blocked Governor Operation
	Operating the generating unit with the control system adjusted to prevent the turbine governor from responding to system frequency (speed) variations.  In an effort to reduce speed Governor operation in some generating units, turbine control systems can be adjusted to block the operation of the Governor after the unit is in parallel with the system and is running at its desired output.  Selection of a high percent droop characteristic or a large Governor Dead-Band constitutes a form of blocked Governor action.

	Variable Pressure Operation
	Varying the boiler pressure to improve turbine efficiency at lower Loads.  Two methods are normally used.  The first method, the turbine control (G.E.) or Governor (Westinghouse) valves are positioned in the wide-open position and the generator is changed by changing the boiler pressure.  With this method, there is very little, if any response to frequency excursions.  The second method, the valves are positioned at approximately 50% open.  The valves are still able to respond to system disturbances.  Normal changes in generation requirements are made by varying the boiler pressure until the unit is at rated pressure.  After full pressure is reached, the turbine valves are used to make the required generation changes.


Generation Resource Frequency Response Test Procedure

Description of the Test

1.
The frequency response function of the Generation Resource is tested On-Line at a Load level that allows the Generation Resource to increase or decrease Load without reaching low operating limits or high operating limits.  If the Generation Resource cannot be tested On-Line then it will notify ERCOT that it will be conducting an Off-Line test.  The recommended level is 92% Base Load or below. 

2.
The test is performed by adding a frequency offset signal that exceeds the Governor Dead-Band value to the measured frequency signal.  This should create immediate step change in the measured frequency signal.

3.
The test starts at time t0 when the frequency Dead-Band is exceeded and signal “Generation Resource Frequency Response On” becomes active.

4.
The following signals should be recorded at least two seconds:  Unit MW Output, “Generation Resource Frequency Response On.”

5.
The duration of the test is 100 seconds.  After 100 seconds, the offset signal should be removed and the Generation Resource should return to pretest power output.

6.
The test should be conducted both with positive and negative frequency offsets.

7.
The test is considered successful after the signal becomes active if at least 70% of the calculated MW contribution is delivered within 16 seconds and the response is maintained for an additional 30 seconds. 

8.
Governor droop and Governor Dead-Band settings shall be set in accordance with Section 2.2.7, Turbine Speed Governors.

Definitions

Generation Resource Base Load = maximum Load capability for the season when frequency response test is performed

Gain MW for 0.1Hz = 
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Where:

P = Generation Resource Base Load (MW)

Droop 
= droop (%)

Frequency Offset = +0.2 Hz and -0.2 Hz (+12 rpm and -12 rpm, for 3600 sync speed machines), outside Governor Dead-Band

Test frequency = Measured Frequency + Frequency Offset

MW Contribution = Gain MW to 0.1 Hz *10*Frequency Offset

Calculated droop = - 
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Where:

P = Generation Resource Base Load (MW)

ΔHz = Change in frequency (Hz), taking into account Governor Dead-Band

ΔMW = Change in power output (MW)

Example

Generation Resource Base Load = 150 MW

Droop = 0.05 or 5% (use 0.05 for calculation)

Governor Dead-Band = 0.034
Gain MW to 0.1 Hz = 
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 = +/- 5.06 MW/0.1 Hz

MW Contribution = 5.06*10*+/- (0.2) = +/-10.12 MW

Expected under-frequency response:
 +10.12 MW in 16 sec. for -0.2 Hz offset

Expected over-frequency response: 
-10.12 MW in 16 sec. for +0.2 Hz offset

Minimum accepted under-frequency response: +7.08 MW in 15 sec. for -0.2 Hz offset

Minimum accepted over-frequency response:    -7.08 MW in 15 sec. for +0.2 Hz offset

Calculated droop for 8 MW increase in power output in 16 sec. for -0.2 Hz offset:

Calculated droop = -
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Generation Resource FREQUENCY RESPONSE TEST FORM
General Information

Unit Code (16 characters): 



Location (County): 




Unit Name: 





Date of Test:



 

QSE: 






Resource Entity: 


 

Test Results

	
	
	Test with +0.2 Hz
	Test with -0.2 Hz

	1
	Generation Resource Base Load
	
	

	2
	GAIN MW to 0.1Hz
	
	

	3
	Calculated 

MW Contribution
	
	

	4
	MW at test start (t0)
	
	

	5
	MW at t0 + 16 sec
	 
	

	6
	MW Contribution

at t0 + 16 sec
	
	

	7
	MW at t0 + 46 sec
	
	

	8
	Calculated droop
	
	

	9
	CONCLUSION

(PASSED/FAILED)
	
	


Comments: ________________________________________________________________________________________________________________________________________________________________________________________________________________________
Submittal

Resource Entity Representative:  ____________________________________________


QSE Representative:  ______________________________________________________


Date submitted to ERCOT Representative: __________________________
______

Generation Resource and Controllable Load Resource Primary Frequency Response test Procedures Based on Historical Data
Description of Historical Verification 
The purpose of this template is to allow the Entity that operates a Generation Resource or a Controllable Load Resource to demonstrate acceptable frequency response of its Generation Resource(s) or Controllable Load Resource(s) based on historical data in order to minimize testing costs, scheduling conflicts and the risk of damage to equipment or Forced Outage.

1.
All verifications will be based on at least one of the events from the published list of Frequency Measurable Events (FMEs).  

2.
Governor droop and Governor Dead-Band settings shall be set in accordance with Section 2.2.7.  For Controllable Load Resources, Governor droop shall not exceed 5% and Governor Dead-Band shall not exceed +/-0.036Hz. 
3.
For clarification purposes, the time of FME (t(0)), pre-perturbation average frequency and post-perturbation average frequency, as defined  in  Section 8, Attachment J, Initial and Sustained Measurements for Primary Frequency Response, will be used for the verification process.  The values of these metrics will be identified in the FME Report.


4.
The test is considered successful if the Generation Resource or the Controllable Load Resource is able to meet a minimum of 75% of its initial Primary Frequency Response and 75% of its sustained Primary Frequency Response as calculated in the FMEs report posted on the Market Information System (MIS) Certified Area.  Any Generation Resource or Controllable Load Resource may use the FME report in lieu of testing.
a.
The calculation of Generation Resources or Controllable Load Resources initial and sustained Primary Frequency Response is detailed in Section 8, Attachment J. 
b.
ERCOT shall evaluate initial and sustained Primary Frequency Response using an expected performance Governor droop of 5.78% for combined-cycle Resources.


5.
Intermittent Renewable Resources (IRRs) located behind one point of interconnection, metered by one ERCOT-Polled Settlement (EPS) Meter, and operated as an integrated Facility may combine IRRs for the purposes of this test.

Definitions

Generation Resource or Controllable Load Resource Base Load = maximum rated capability (this value is not reduced for temporary output limitations of the Generation Resource or Controllable Load Resource due to auxiliary equipment outages, weather conditions, or fuel limitations, it is the “nameplate” rating of the Generation Resource or Controllable Load Resource).  For the IRR, the Base Load for purposes of this test shall be the Real-Time telemetered High Sustained Limit (HSL) (MW) of the IRR at the time of the FME.  The IRR shall use only a FME in which the IRR’s HSL is greater than 50% of the IRR’s total design output capability.



























HISTORICAL GENERATION RESOURCE OR CONTROLLABLE LOAD RESOURCE FREQUENCY RESPONSE TEST FORM





	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	

	







General Information

Unit Code (16 characters): 


Location (County): 



 

Unit Name: 




Date of FME: 



  

QSE: 





Resource Entity: 







Historical Results

	Evaluation Point
	Frequency

	Time (sec) of FME (t(0))
	

	Pre-Perturbation Average Frequency (t(-2) to t(-16))
	

	Post-Perturbation Average Frequency (t(20) to t(52))
	


	1
	Pre-Perturbation Average MW [T(-2 ) to T(-16)]
	

	2
	Post-Perturbation Average MW [T(+20 to T(+52)]
	

	3
	Expected Initial Primary Frequency Response (MW)
	

	4
	Expected Sustained Primary Frequency Response (MW)
	

	5
	Adjusted Actual Initial Primary Frequency Response (MW)
	 

	6
	Adjusted Actual Sustained Primary Frequency Response (MW)
	

	7
	Initial Response P.U. Performance
	

	8
	Sustained Response P.U. Performance
	


Comments: ________________________________________________________________________________________________________________________________________________________________________________________________________________________
Submittal

Resource Entity Representative:  _______________________________________


QSE Representative:  ________________________________________________


Date submitted to ERCOT Representative: 



Intermittent renewable resource (IRR) Frequency Response Test Procedure
Description of the Test

1.
The frequency response function of the Intermittent Renewable Resource (IRR) is tested On-Line at a Load level that allows the IRRs to increase or decrease Load without reaching low operating limits or high operating limits.

2.
The test is performed by adding a frequency offset signal that exceeds the Governor Dead-Band value to the measured frequency signal.  This should create immediate step change in the measured frequency signal.

3.
The test starts at time t0 when the frequency Dead-Band is exceeded.

4.
The MW output signal should be recorded at least every two seconds.

5.
The duration of the test is 100 seconds.  After 100 seconds, the offset signal should be removed and the IRR should return to pretest power output.

6.
The test should be conducted both with positive and negative frequency offsets.

7.
The test is considered successful after the signal becomes active if at least 70% of the calculated MW contribution is delivered within 16 seconds and the response is maintained for an additional 30 seconds. 


8.
Governor droop and Governor Dead-Band settings shall be set in accordance with Section 2.2.7. 

9.
IRRs located behind one Point of Interconnection (POI), metered by one ERCOT-Polled Settlement (EPS) Meter, and operated as an integrated Facility may combine IRRs for the purposes of this test.

Definitions

IRR Base Load = IRR telemetered High Sustained Limit (HSL) at the time of the test. The test shall be performed at an output level which is greater than 50% of IRR’s total design output capability.

Gain MW for 0.1Hz consistent with a selected droop percentage = 
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Where:

P = IRR telemetered HSL (MW)

Droop 
= droop (%)

Frequency Offset = +0.2 Hz and -0.2 Hz, outside Governor Dead-Band 

Test frequency = Measured Frequency + Frequency Offset

MW Contribution = Gain MW to 0.1 Hz * 10 * Frequency Offset

Calculated droop = - 
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Where:

P = IRR telemetered HSL (MW)

ΔHz = Change in frequency (Hz), taking into account Governor Dead-Band

ΔMW = Change in power output (MW)

Example

IRR telemetered HSL = 150 MW

Droop = 0.05 or 5% (use 0.05 for calculation)

Governor Dead-Band = 0.017 Hz

Gain MW for 0.1 Hz = 
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 = +/- 5.03 MW/0.1 Hz

∆MW Contribution = 5.03 * 10* +/-0.2 = +/-10.06 MW

Expected under-frequency response:
 +10.06 MW in 16 sec. for -0.2 Hz offset

Expected over-frequency response: 
-10.06 MW in 16 sec. for +0.2 Hz offset

Minimum accepted under-frequency response: +7.04 MW in 16 sec. for -0.2 Hz offset

Minimum accepted over-frequency response: -7.04 MW in 16 sec. for +0.2 Hz offset

Calculated droop for 8MW increase in power output in 16 sec. for -0.2 Hz offset:

Calculated percent droop = -
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Intermittent renewable resource (IRR) FREQUENCY RESPONSE TEST FORM
General Information

Unit Code (16 characters): 



Location (County): 




Unit Name: 





Date of Test:



 

QSE: 






Resource Entity: 


 





Test Results

	
	
	Test with +0.2 Hz
	Test with -0.2 Hz

	1
	IRR Base Load
	
	

	2
	GAIN MW to 0.1Hz
	
	

	3
	Calculated Minimum

MW Contribution
	
	

	4
	MW at test start (t0)
	
	

	5
	MW at t0 + 16 sec
	 
	

	6
	MW Contribution

at t0 + 16 sec
	
	

	7
	MW at t0 + 46 sec
	
	

	8
	Calculated droop
	
	

	9
	CONCLUSION

(PASSED/FAILED)
	
	


Comments: ________________________________________________________________________________________________________________________________________________________________________________________________________________________
Submittal

Resource Entity Representative:  _____________________________________________
QSE Representative:  ______________________________________________________
Date submitted to ERCOT Control Area Authority Rep.: __________________________
Controllable load resource Frequency Response Test Procedure

Description of the Test

1.
The frequency response function of the Controllable Load Resource is tested On-Line at a Load level that allows Controllable Load Resources to increase or decrease Load without reaching Low Power Consumption (LPC) or Maximum Power Consumption (MPC). 

2.
The test is performed by adding a frequency offset signal that exceeds the Governor Dead-Band value to the measured frequency signal.  This should create an immediate step change in the measured frequency signal.

3.
The test starts at time t0 when the frequency Dead-Band is exceeded.

4.
The MW output signal should be recorded at least every two seconds.

5.
The duration of the test is 100 seconds.  After 100 seconds, the offset signal should be removed and the Controllable Load Resource should return to pretest power output.

6.
The test should be conducted both with positive and negative frequency offsets.

7.
The test is considered successful after the signal becomes active if at least 70% of the calculated MW contribution is delivered within 16 seconds and the response is maintained for an additional 30 seconds. 


8.
Governor droop and Governor Dead-Band settings shall be set in accordance with Section 2.2.7.  For Controllable Load Resources, Governor droop shall not exceed 5% and Governor Dead-Band shall not exceed +/-0.036Hz. 
Definitions

Controllable Load Resource Base Load = Controllable Load Resource telemetered MPC at the time of the test.  The test shall be performed at an output level that allows the Controllable Load Resource to increase or decrease Load without reaching LPC or MPC. 

Gain MW for 0.1Hz consistent with a selected droop percentage = 
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Where:

P = Controllable Load Resource telemetered MPC (MW)

Droop 
= droop (%)

Frequency Offset = +0.2 Hz and -0.2 Hz, outside Governor Dead-Band 

Test frequency = Measured Frequency + Frequency Offset

MW Contribution = Gain MW to 0.1 Hz * 10 * Frequency Offset

Calculated droop = - 
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Where:

P = Controllable Load Resource telemetered MPC

ΔHz = Change in frequency (Hz), taking into account Governor Dead-Band

ΔMW = Change in power output (MW)

Example

Controllable Load Resource telemetered MPC = 150 MW

Droop = 5%

Governor Dead-Band = 0.036 Hz

Gain MW to 0.1 Hz = 
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 = +/- 5.06 MW/0.1 Hz

∆MW Contribution = 5 * 10* +/-0.2 = +/-10.12 MW

Expected under-frequency response:  -10.12 MW in 16 sec. for -0.2 Hz offset

Expected over-frequency response:  +10.12 MW in 16 sec. for +0.2 Hz offset

Minimum accepted under-frequency response:  -7.08 MW in 16 sec. for -0.2 Hz offset

Minimum accepted over-frequency response:  +7.08 MW in 16 sec. for +0.2 Hz offset

Note:  The negative sign in expected under-frequency response and minimum accepted under-frequency response denotes the required reduction in power consumption.  Similarly the positive sign in expected over-frequency response and minimum accepted over-frequency response denotes the required increase in power consumption. 

Calculated droop for 8 MW increase in power output in 16 sec. for -0.2 Hz offset:

Calculated percent droop = -
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Controllable load resource FREQUENCY RESPONSE TEST FORM

General Information

Unit Code (16 characters): 



Location (County): 




Unit Name: 





Date of Test:



 

QSE: 






Resource Entity: 


 





Test Results

	
	
	Test with +0.2 Hz
	Test with -0.2 Hz

	1
	Controllable Load Resource Base Load
	
	

	2
	GAIN MW to 0.1 Hz
	
	

	3
	Calculated Minimum

MW Contribution
	
	

	4
	MW at test start (t0)
	
	

	5
	MW at t0 + 16 sec
	 
	

	6
	MW Contribution

at t0 + 16 sec
	
	

	7
	MW at t0 + 46 sec
	
	

	8
	Calculated droop
	
	

	9
	CONCLUSION

(PASSED/FAILED)
	
	


Comments: ________________________________________________________________________________________________________________________________________________________________________________________________________________________
Submittal

Resource Entity Representative:  _____________________________________________
QSE Representative:  ______________________________________________________

Date submitted to ERCOT Control Area Authority Rep.:__________________________
ERCOT Nodal Operating Guides
Section 8

Attachment J
Initial and Sustained Measurements for Primary Frequency Response
October XX, 201X 

Initial Primary Frequency Response Performance Calculation Methodology 
This section establishes the process used to calculate initial Primary Frequency Response (PFR) performance for each Frequency Measurable Event (FME) for All-Inclusive Generation Resources and Controllable Load Resources, 
This process calculates the initial Per Unit PFR of a Resource (P.U.PFRResource) as a ratio between the Adjusted Actual PFR (APFRAdj),adjusted for the pre-event ramping of the unit, and the Final Expected PFR (EPFRfinal) as calculated using the Pre-perturbation and Post-perturbation time periods of the initial measure. 

This comparison of actual performance to a calculated target value establishes, for each type of Resource, the initial P.U.PFRResource for any FME. 

Initial Primary Frequency Response Measurement 
P.U.PFRResource is the per unit measure of the initial PFR of a Resource during identified FMEs. 
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Where P.U.PFRResource for each FME is limited to values between 0.0 and 2.0. 

The Adjusted Actual PFR (APFRAdj) and the Final Expected PFR (EPFRfinal) are calculated as described below. 
EPFR calculations use Governor droop and Governor Dead-Band values as stated in Nodal Operating Guide Section 2.2.7, Turbine Speed Governors, with the exception of combined‐cycle facilities while being evaluated as a single resource (MW production of both the combustion turbine generator and the steam turbine generator are included in the evaluation) where the evaluation Governor droop will be 5.78%
Actual Primary Frequency Response (APFRadj) 
The Adjusted Actual Primary Frequency Response (APFRadj) is the difference between Post-perturbation Average MW and Pre-perturbation Average MW, including the ramp magnitude adjustment.
[image: image34.png]APFRaa; = MWpost—perrurpation — MWpro-perturbation — Ramp Magnitude




where: 

Pre‐perturbation Average MW: Actual MW averaged from T‐16 to T‐2 


[image: image35]
Post‐perturbation Average MW: Actual MW averaged from T+20 to T+52 


[image: image36]
Ramp Adjustment: The Actual PFR number that is used to calculate P.U.PFRResource is adjusted for the ramp magnitude of the generating unit/generating facility during the pre‐perturbation minute. The ramp magnitude is subtracted from the APFR. 
Ramp Magnitude = (MWT‐4 – MWT‐60)*0.59 

(MWT‐4 – MWT‐60) represents the MW ramp of the generator resource/generator facility for a full minute prior to the FME. The factor 0.59 adjusts this full minute ramp to represent the ramp that should have been achieved during the post‐perturbation measurement period. 

Expected Primary Frequency Response (EPFR) 
For all All-Inclusive Generation Resource and Controllable Load Resources, the ideal Expected PFR (EPFRideal) is calculated as the difference between the EPFRpost‐perturbation and the EPFRpre‐perturbation. 

[image: image37.png]EPFRigga1 = EPFRposc_percurbation ~ EPFRpre_perturbation




When the frequency is outside the Governor Dead-Band and above 60Hz: 
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When the frequency is outside the Governor Dead-Band and below 60Hz: 
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For each formula, when frequency is within the Governor Dead-Band the appropriate EPFR value is zero. The deadbandmax  and droopmax  quantities come from Nodal Operating Guide Section 2.2.7. 

Where: 

Pre‐perturbation Average Hz: Actual Hz averaged from T‐16 to T‐2 


[image: image40]
Post‐perturbation Average Hz: Actual Hz averaged from T+20 to T+52 


[image: image41]

Power Augmentation: For combined cycle facilities, Real-Time telemetered HSL is adjusted by subtracting the Real-Time telemetered Non-Frequency Responsive Capacity (power augmentation (PA) capacity).  Other generator types may also have power augmentation that is not frequency responsive.  This could be “over‐pressure” operation of a steam turbine at valves wide open or operating with a secondary fuel in service.  The Resource Entity should provide ERCOT with documentation and conditions when power augmentation is to be considered in PFR calculations as described in paragraph (11) of Nodal Protocol Section 6.5.5.2, Operational Data Requirements.  
EPFRfinal for Combustion Turbines and Combined Cycle Facilities 
[image: image42.png]EPFRpipqt = EPFRigoq1 + (HZpose—perturbasion — 60.0) X 10 X 0.00276 x (HSL — PA Capacity)




Note: The 0.00276 constant is the MW/0.1 Hz change per MW of capacity and represents the MW change in combustion turbine’s output due to the change in mass flow through the combustion turbine due to the speed change of the turbine during the post‐perturbation measurement period. This factor is based on empirical data from a major 2003 event as measured on multiple combustion turbines in ERCOT. 
[image: image43.wmf]

 EMBED Equation.3 [image: image44.wmf]
EPFRfinal for Steam Turbine 
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where: 
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where: 

[image: image47.png]MWpost-perturbation

% Steam Flow = L= PA Capaciy)

% Steam Flow

Steam Flow Change Factor = 05




Throttle Pressure = Interpolation of Pressure curve at MWpre‐perturbation 
The rated throttle pressure and the pressure curve, based on generator MW output, are submitted to ERCOT.  This pressure curve is defined by up to six pair of pressure and MW breakpoints with the throttle pressure/MW output pair where rated throttle pressure is achieved as the first set and the throttle pressure/MW output pair where the minimum throttle pressure is achieved, as the last set of breakpoints.  If fewer breakpoints are needed, the pair values will be repeated for different MW outputs (i.e. MW cannot be repeated on throttle pressure) to complete the six pair table. 

The K factor is used to model the stored energy available to the Resource.  The value ranges between 0.0 and 0.6 psig per MW change when responding during a FME. The Resource Entity can measure the drop in throttle pressure when the Resource is operating near 50% output of the steam turbine during a FME and provide this ratio of pressure change to ERCOT.  K is then adjusted based on rated throttle pressure and Resource capacity.  An additional sensitivity factor, the steam flow change factor, is based on resource loading (% steam flow) and further modifies the MW adjustment.  This sensitivity factor will decrease the adjustment at Resource outputs below 50% and increase the adjustment at outputs above 50%.  The Resource Entity should determine the fixed K factor for each Resource that generally results in the best match between EPFR and APFR (resulting in the highest P.U.PFRResource).  For any generating unit, K will not change unless the steam generator is significantly reconfigured. 

EPFRfinal for Other Generating Units/Generating Facilities 


[image: image48.png]EPFRyy = EPFRyy + X




where X is an adjustment factor that may be applied to properly model the delivery of PFR.  The X factor will be based on known and accepted technical or physical limitations of the Resource.  X may be adjusted by ERCOT and may be variable across the operating range of a resource.  X shall be zero unless ERCOT accepts an alternative value. 

SUSTAINED Primary Frequency Response Performance Calculation Methodology 


This section establishes the process used to calculate sustained Primary Frequency Response (PFR) performance for each FME, 
This process calculates the Per Unit Sustained PFR of a Resource (P.U.SPFRResource) as a ratio between the maximum actual unit response at any time during the period from T+46 to T+60, adjusted for the pre‐event ramping of the unit, and the Final Expected Primary Frequency Response (EPFR) value at time T+46.
 
This comparison of actual performance to a calculated target value establishes, for each type of Resource, the P.U.SPFRResource for any FME. 
Sustained Primary Frequency Response performance measurement:


· 
· 
Sustained Primary Frequency Response Calculation (P.U.SPFR)
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P.U.SPFRResource is the per unit (P.U.) measure of the sustained PFR of a Resource during identified FME.  The P.U.SPFRResource for each FME will be limited to values between 0.0 and 2.0.
Actual Sustained Primary Frequency Response (ASPFR) Calculations 
[image: image50.png]ASPFR = MWyaximumgesponse ~ MWpre-percurpation




where: 

Pre‐perturbation Average MW: Actual MW averaged from T‐16 to T‐2. 


[image: image51]
and: 

MWMaximumResponse = maximum MW value telemetered by a unit from T+46 through T+60 during low frequency FMEs and the minimum MW value telemetered by a unit from T+46 through T+60 during a high frequency FME. 
Actual Sustained Primary Frequency Response, Adjusted (ASPFRAdj) 
[image: image52.png]ASPFRyq; = ASPFR — RampMW Sustained




RampMW Sustained (MW) –All-Inclusive Generation Resource and Controllable Load Resource is required to sustain its response to a FME.  An adjustment available in determining sustained PFR performance (P.U.SPFRResource ) is to account for the direction in which a Resource was moving (increasing or decreasing output) when the FME occurred T=t(0). This is the RampMW Sustained adjustment: 

RampMW Sustained = (MWT‐4 – MWT‐60) x 0.821 

Note: The terminology “MWT‐4” refers to MW output at 4 seconds before the FME occurs at T=t(0). 
By subtracting a reading at 4 seconds before, from a reading at 60 seconds before, the formula calculates the MWs a generator moved in the minute (56 seconds) prior to T=t(0). 
 The formula is then modified by a factor to indicate where the generator would have been at T+46, had the FME not occurred: the “RampMW Sustained.” It does this by multiplying the MW change over 56 seconds before the event (MWT‐4 – MWT‐60) by a modifier.  This extrapolates to an equivalent number of MWs the generator would have changed if it had been allowed to continue on its ramp to T+46 unencumbered by the FME.  The modifier is 
[image: image53.png]doseconds o 0.821.
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Expected Sustained Primary Frequency Response (ESPFR) Calculations 
The Expected Sustained Primary Frequency Response (ESPFRfinal) is calculated using the actual frequency at T+46, HZT+46. 

This ESPFRfinal is the MW value an All-Inclusive Generation Resource or Controllable Load Resource should have responded with, if it is properly sustaining the output of its generating unit/generating facility in response to an FME. Determination of this value begins with establishing where it would be in an ideal situation; considers proper Governor droop and Governor Dead‐Band values established in Nodal Operating Guide Section 2.2.7, HSL, Low Sustainable Limit (LSL) and actual frequency.  It then allows for adjusting the value to compensate for the various types of limiting factors each All-Inclusive Generation Resource or Controllable Load Resource may have and any NFRC that may be included in the HSL. 

Establishing the Ideal Expected Sustained Primary Frequency Response 
For All-Inclusive Generation Resources and Controllable Load Resources, the ideal Expected Sustained PFR (ESPFRideal) is calculated as the difference between the ESPFRT+46 and the EPFRpre‐perturbation. The EPFRpre‐perturbation is the same EPFRpre​-perturbation value used in the Initial measure. 

[image: image54.png]ESPFRigea1 = ESPFRr46 [ EPFRpreperturbation




When the frequency is outside the Governor Dead-Band and above 60Hz:


[image: image55]
When the frequency is outside the Governor Dead-Band and below 60Hz: 



[image: image56]
For combined cycle facilities, determination of frequency responsive capacity includes subtracting power augmentation (PA) capacity, if any, from the original telemetered HSL.  Other generator types may also have power augmentation that is not frequency responsive.  This could be “over‐pressure” operation of a steam turbine at valves wide open or operating with a secondary fuel in service. The Resource Entity is required to provide ERCOT with documentation and conditions when power augmentation is to be considered in PFR calculations as described in paragraph (11) of Nodal Protocol Section 6.5.5.2.
ESPFRfinal for Combustion Turbines and Combined Cycle Facilities 
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Note: The 0.00276 constant is the MW/0.1 Hz change per MW of capacity and represents the MW change in combustion turbine’s output due to the change in mass flow through the combustion turbine due to the speed change of the turbine at HZT+46. (This is based on empirical data from a major 2003 event as measured on multiple combustion turbines in ERCOT.)

ESPFRfinal for Steam Turbine 
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where: 
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where: 
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Throttle Pressure = Interpolation of Pressure curve at MWpre‐perturbation 
ESPFRfinal for Other Generating Units/Generating Facilities 
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where X is an adjustment factor that may be applied to properly model the delivery of PFR.  The X factor will be based on known and accepted technical or physical limitations of the resource.  X may be adjusted by ERCOT and may be variable across the operating range of a resource.  X shall be zero unless ERCOT accepts an alternative value. 
Limits on calculation of PFR Performance (Initial &Sustained)

For frequency deviations below 60Hz (HZpost-perturbation < 60) 

If for a generating unit/generating facility 

[image: image63.png]MW pre—perturbation = min([(HSL— PA capacity) * 0.98],[(HSL —
PA capacity) — SMW])



 
Then Primary Frequency Response is not evaluated for this FME.  

For frequency deviations above 60Hz (HZpost-perturbation > 60) 

If for a generating unit/generating facility 
[image: image65.png]MW pre—perturbation = max([LSL+ (HSL — PA capacity) = 0.02],[LSL+
sMW]))



 
Then Primary Frequency Response is not evaluated for this FME.

When Expected Primary Frequency ResponseFinal is greater than operating margin Caps and limits exist for resources operating with adequate reserve margin to be evaluated (greater of 2% of (HSL less PA Capacity) or 5 MW), but with Expected Primary Frequency ResponseFinal greater than the actual margin available.
(1) The [image: image67.png]P.U.PFRR.cource



 will be set to the greater of 0.75 or the calculated [image: image69.png]P.U.PFRR.cource



if all of the following conditions are met:
(a) The generating unit/generating facility’s pre‐perturbation operating margin (appropriate for the frequency deviation direction) is greater than 2% of its [image: image71.png](HSL — PACapacity)



 and greater than 5 MW; and
(b) The [image: image73.png]EPFRg,al



 is greater than the generating unit/generating facility’s available frequency responsive capacity
; and
(c) The generating unit/generating facility’s [image: image75.png]APFR 44



 response is in the correct direction.
(2) When calculation of the [image: image77.png]P.U.PFRR.cource



 uses the resource’s [image: image79.png]HSL — PACapacity



 as the maximum expected output, the calculated [image: image81.png]P.U.PFRR.cource



 will not be greater than 1.0.
(3) When calculation of the [image: image83.png]P.U.PFRR.cource



 uses the resource’s [image: image85.png]LSL — PACapacity



 as the minimum expected output, the calculated [image: image87.png]P.U.PFRR.cource



 will not be greater than 1.0.
(4) If the [image: image89.png]APFR 44



is in the wrong direction, then [image: image91.png]P.U.PFRR.cource



 is 0.0.
(5) These caps and limits apply to both the Initial and Sustained Primary Frequency Response measures.
INITIAL PFR and SUSTAINED PFR PERFORMANCE REQUIREMENT
ERCOT computes an average Initial PFR and Sustained PFR performance based on either all FMEs evaluated within 12 months or the last 8 FMEs (applicable if a minimum threshold of 8 FMEs within the 12 month period is not met). Each All-Inclusive Generation Resource and Controllable Load Resource shall meet a minimum rolling average initial Primary Frequency Response performance and sustained Primary Frequency Response performance of 0.75
Initial PFR requirement:
[image: image92.png]AVGperioalP.U. PFRresource] 2 0.75,




Sustained PFR requirement:
[image: image93.emf]
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� Westinghouse recommends using only this test.


� Westinghouse recommends using only this test.


� The time designations used in this section refer to relative time after an FME occurs. For example, “T+46” refers to 46 seconds after the frequency deviation occurred.


� In this circumstance, when frequency is below 60 Hz, the EPFR_final is set to operating margin based on HSL (adjusted for any augmentation capacity) AND when frequency is above 60 Hz, the EPFR_final is set to operating margin based on LSL for the purpose of calculating PUPFR_resource.
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