OWG Recommendation Report

	OGRR Number
	192
	OGRR Title
	Combustion Turbine Governor Performance Test Forms

	Timeline
	Normal
	Recommended Action
	Tabled

	Operating Guide Section Requiring 
	Section 2.2.5, Turbine Speed Governors
Section 3.1.4.1, PGC Data Reporting
Section 6.2.1.5, Gas Turbine Frequency Response Test Procedures (new)
Section 6.2.1.6, Combustion Turbine Frequency Response Procedures Based on Historical Data (new)



	Protocol Section Requiring Revision, if any.
	None.

	Proposed Effective Date
	TBD.

	Revision Description
	This Operating Guide Revision Request (OGRR) adds two new sections to the Operating Guide describing Combustion Turbine Governor Performance Testing Procedures based on actual and historical data.

	Overall Market Benefit
	Improved system reliability.



	Overall Market Impact
	Unknown.



	Consumer Impact
	Unknown.



	Procedural History
	· On 02/08/07, OGRR192 was posted.

· On 02/15/07, the Operating Guides Revision Task Force (OGRTF) comments were posted.

· On 02/23/07, Calpine comments were posted.

· On 02/27/07, PSEG Texgen I comments were posted.

· On 03/01/07, Tenaska comments were posted.

· On 03/13/07, TXU Wholesale comments were posted.

· On 03/22/07, the Operations Working Group (OWG) considered OGRR192 via email.

· On 04/16/07, additional OGRTF Comments were posted.

· On 04/18/07, OWG reconsidered OGRR192.

	OWG Recommendation
	On 03/22/07, the OWG considered OGRR192 via email but did not reach a consensus.  

On 04/18/07, the OWG was in consensus to accept OGRTF 041607 comments and to table OGRR192 for 45 Business Days to allow adequate time for Tenaska to develop a separate OGRR to address off-line issues presented in their comments.

	Summary of OWG Discussion
	On 03/22/07, there was no discussion.

On 04/18/07, OGRTF 041607 comments were discussed.  It was clarified that if Tenaska did not develop a separate OGRR to address off-line issues within 45 Business Days from 04/16/07, OGRR192 would move forward independently.




	Original Sponsor

	Name
	Stephen C. Knapp on behalf of the Performance, Disturbance, Compliance Working Group (PDCWG)

	E-mail Address
	Steve.knapp@constellation.com

	Company
	Constellation Energy Commodities Group, Inc.

	Phone Number
	410-468-3606 (Office) / 443-286-6785 (Cell Phone)


	Comments Received

	Comment Author
	Comment Description

	OGRTF 021507
	Proposed language changes for clarification and changing “Gas” to “Combustion” when referring to turbines.

	Calpine 022307
	Proposed language changes and support for OGRR192.

	PSEG Texgen I 022702
	Proposed language changes and support for OGRR192.  

	Tenaska 030107
	Proposed language changes addressing concerns related to risks associated with imposing false speed signal in the gas turbine control system on a running machine.  

	TXU Wholesale 031307
	Proposed language changes to clarify historical verification.  

	OGRTF 041607
	Proposed additional language changes and recommended that OGRR192 be placed on hold.
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	Proposed Operating Guide Language Revision


2.2.5 Turbine Speed Governors

A governor shall be in-service when the turbine’s generator is synchronized to the grid.


Power Generation Companies (PGCs) shall conduct governor performance tests at least every two years using the one of the methods specified in Section 6.2.1.5, Combustion Turbine Frequency Response Test Procedure or 6.2.1.6, Combustion Turbine Frequency Response Procedures Based on Historical Data, located in these Operating Guides.  The PGC’s reporting QSE shall provide test results to ERCOT.  

Every effort should be made to maintain governors droop characteristic not to exceed 5%.


There are elements that can contribute to poor governor response.  These include:


· Excessive Governor dead band.  Maximum intentional dead band: +/- 0.036 Hz.

· Valve position limits

· Blocked governor operation

· Control mode

· Adjustable rates or limits

· Boiler/turbine coordinated control or set point control action 

· Automated “reset” or similar control action of the turbine’s MW set point.

Every attempt should be made to minimize the effects of these and similar elements on the governor operation for the duration of all frequency deviations.  Each QSE should monitor its units to verify that these elements do not contribute to a governor droop characteristic greater than five percent (5%).

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 its turbine’s automatic speed governor in service when the generator is   in normal operation.  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 operator is required to notify the ERCOT Control Area Authority, through its QSE, if the operation of speed governors is impaired.

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 Support 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.

Reference:  Protocol Section 6.10.2, General Capacity Testing Requirements (In Part)

QSEs shall provide ERCOT a list identifying each Generation Resource unit that is expected to operate more than one hundred sixty eight (168) hours in a Season as a provider of energy and/or Ancillary Services.  ERCOT shall evaluate, during each Season of expected operation, the Net Dependable Capability of each unit expected to operate more than one hundred sixty eight (168) hours during that Season, except for any Generation Resources used solely for energy services and whose capacity is less than ten (10) MW.  Prior to the beginning of each Season, QSEs shall identify the Generation Resources to be tested during the Season and the specific week of the test if known.  This schedule may be modified by the QSE (including retests) during the Season.  QSEs not identifying a specific week for a Generation Resource unit test must test the unit within the first one hundred sixty eight (168) hours of run time during the Season or operate with a Net Dependable Capability equal to the highest integrated hourly MWh output demonstrated during the first one hundred sixty eight (168) hours of run time.  QSEs do not have to bring units On-line or shut down solely for the purpose of the seasonal verification.  Any unit for which the QSE desires qualification to provide Ancillary Services shall have its Net Dependable Capability verified prior to providing services using the Generation Resource unit even if it fits the less than one hundred sixty eight (168) hour or small capacity exception.  The capability of hydro units operating in the synchronous condenser fast response mode to provide hydro Responsive Reserve shall be evaluated by Season.

Load acting as a Resource to provide Ancillary Services shall have its telemetry attributes verified by ERCOT annually.  In addition, once every two (2) years, any LaaR providing Responsive Reserve Service shall test the under frequency relay or the output from the solid-state switch, whichever applies, for correct operation.  However, if the Load’s performance has been verified through response to an actual event, the data from the event can be used to meet the annual telemetry verification requirement for that year and/or the biennial relay testing requirement…
6.2.1.5

Combustion Turbine Frequency Response Test Procedure
Description of the test

1. The frequency response function of the combustion turbine is tested On-line at a Load level that allows combustion turbine to increase or decrease Load without reaching Low or High Operating Limits.  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 ”Combustion Turbine Frequency Response On” becomes active.

4. The following signals should be recorded at least every two (2) seconds: Unit MW Output, ”Combustion Turbine Frequency Response On”.

5. The duration of the test is one-hundred (100) seconds. After one-hundred (100) seconds, the offset signal should be removed and combustion turbine 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 “Combustion Turbine Frequency Response On” becomes active and maintained for thirty (30) seconds if 70% of the calculated MW contribution is delivered within sixteen (16) seconds. 
8. Droop shall be set not to exceed 5% with a maximum frequency dead-band of +/- 0.036Hz.

Definitions

Combustion Turbine 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 = Combustion Turbine Base Load (MW)




Droop 
= droop (%)

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

Test frequency = Measured Frequency + Frequency Offset

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

Calculated droop = - 
[image: image2.wmf]MW

Hz

P

D

D

*

60

*





, where 
P = Combustion Turbine Base Load (MW)






ΔHz = Change in frequency (Hz)






ΔMW = Change in power output (MW)

Example

Combustion Turbine Base Load = 150MW

Droop = 5%

Gain MW to 0.1Hz = 
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 = +/- 5 MW/0.1Hz

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

Expected under-frequency response:
 +10MW in 15 sec. for -0.2Hz offset

Expected over-frequency response: 
-10MW in 15 sec. for +0.2Hz offset

Minimum accepted under-frequency response: +7MW in 15 sec. for -0.2Hz offset

Minimum accepted over-frequency response:    -7MW in 15 sec. for +0.2Hz offset

Calculated droop for 8MW increase in power output in 15 sec. for -0.2Hz offset:

Calculated droop = -
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COMBUSTION TURBINE 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
	CT 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 Control Area Authority Rep.: __________________________


6.2.1.6
  Combustion Turbine Frequency Response Procedures Based on Historical Data 
Description of historical verification 
The purpose of this template is to allow the QSE to demonstrate acceptable frequency response of their combustion turbines 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 Performance, Disturbance, Compliance Working Group’s (PDCWG) list of “Measurable Events” as defined in the ERCOT Protocols.  Different turbines can be tested using different events.

2.  For clarification purposes, the A, B, B+30 and C points are defined in Protocol Section 5.9.2, Primary Frequency Control Measurements. Point A will be considered the start of the verification process.  The exact time of each Point is identified in the PDCWG Disturbance Report on the event.

3.  The following signals should be recorded at EMS scan rate: Unit MW Output and ERCOT Actual Frequency from the PDCWG Disturbance Report on the event.

4. The verification is considered successful if 70% of the calculated MW contribution is delivered within 16 seconds after the C point and maintained for 30 seconds.

5.  Droop should be set not to exceed 5% and a maximum frequency deadband of +/- 0.036Hz.

6.  ERCOT Operations will supply frequency data and time of each evaluation point (A, C, B & B+30) for the event data chosen for the test.

Definitions

Combustion Turbine 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 = Combustion Turbine Base Load (MW)




Droop 
= droop (%)

Calculated droop = - 
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, where 
P = Combustion Turbine Base Load (MW)


ΔHz = Change in frequency (Hz) between Point A and    

           

Point C, B or B+30


ΔMW = Change in power output (MW) between Point A 

            
  and Point C, B or B+30

Adjusted droop = - 
[image: image7.wmf])

(

*

60

*

30

,

,

30

,

,

30

,

,

+

+

+

+

D

D

B

B

C

B

B

C

B

B

C

OC

MW

Hz

P





, where 
OC = Obligation Change

Obligation Change = ∆ MW Schedule from Point A to Point B + 30 if negative in an under-frequency event or if positive in an over-frequency event, else 0.

Example

CT Base Load = 150MW

Droop = 5%

Gain MW to 0.1Hz = 
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Expected under-frequency response:
 +5MW in 15 sec. for -0.1Hz offset

Expected over-frequency response: 
-5MW in 15 sec. for +0.1Hz offset

Minimum accepted under-frequency response: +3.5MW in 15 sec. for -0.1Hz offset

Minimum accepted over-frequency response:    -3.5MW in 15 sec. for +0.1Hz offset

Calculated droop for 5 MW increase in power output in 15 sec. for -0.1Hz offset:                  Calculated droop = -
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Schedule drop of 10 MW from point A to B + 30 with 10 frequency responsive units:  


OC = 10/10 = 1 MW

Adjusted droop = -
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Reference:  Protocol Section 5.9.2, Primary Frequency Control Measurements

For the purposes of this section, the A Point is the last stable frequency value prior to a frequency disturbance.  For a decreasing frequency event with the last stable frequency value of 60.000 Hz or below, the actual frequency is used.  For a decreasing frequency event with the last stable frequency value between 60.000 and 60.036 Hz, 60.000 Hz will be used.  For a decreasing frequency event with the last stable frequency value above 60.036 Hz, actual frequency will be used.  For an increasing frequency event with the last stable frequency value of 60.000 or above, the actual frequency is used.  For an increasing frequency event with the last stable frequency between 59.964 and 60.000 Hz, 60.000 Hz will be used.  For an increasing frequency event with the last stable frequency value of 59.964 or below, the actual frequency is used.  ERCOT shall determine the A Point frequency for each event.

For the purposes of this section, the C Point is the lowest frequency value during the first five seconds of the event.

For the purposes of this section, the B Point is the “recovery” frequency value after the C Point.   The B Point should occur after full governor response of the turbines has occurred, usually between ten (10) and thirty (30) seconds after the A Point, but not greater than sixty (60) seconds after the A Point.  ERCOT shall determine the B Point for each event.

B Point Plus Thirty Seconds: At thirty seconds following the B Point, an analysis will be performed by ERCOT with the assistance of the appropriate ERCOT subcommittee to determine if primary frequency control response is sustained.

For the purposes of this section, a “Measurable Event” is the sudden change in interconnection frequency that will be evaluated for performance compliance will have i) a frequency B Point between 59.700 Hz and 59.900 Hz or between 60.100 Hz and 60.300 Hz, and ii) a difference between the B Point and the A Point greater than or equal to +/- 0.100 Hz.

HISTORICAL COMBUSTION TURBINE FREQUENCY RESPONSE TEST FORM

General Information

Unit Code (16 character): 



Location (County): 



 
Unit Name: 





Date of Event: 



  
QSE: 






Resource Entity: 



  




Historical Results

	Evaluation Point
	Time
	Frequency

	Point A
	
	

	Point C
	
	

	Point B
	
	

	Point B+30
	
	


	2
	CT Base load
	

	3
	MW at A Point
	

	4
	MW at B Point
	

	5
	MW at B + 30 Point
	

	6
	MW at C Point
	 

	7
	Calculated Droop at B Point
	

	8

8A
	Compensation for Obligation Change:

Number of Freq. Resp. Units

           
	

	8B
	Schedule ∆ from Point A to Point B + 30
	

	8C
	Schedule ∆ for Observed Unit (8B/8A)
	

	9
	Adjusted droop at B + 30
	

	10
	(PASSED/FAILED)

Pass if #7 & #9 < 7.14%, else Fail
	


Comments: ______________________________________________________________
________________________________________________________________________________________________________________________________________________





Submittal

Resource Entity Representative:  _____________________________________________


QSE Representative:  ______________________________________________________


Date submitted to ERCOT Control Area Authority Rep: 
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