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Responsive Reserve Study – 

Cases run:

· Series 1: Spring Off-Peak, 2500 MW trip, UFLS Included

· Series 2: Spring Off-Peak, 2500 MW trip, No UFLS

· Series 3: Spring Off-Peak, 700 MW trip, UFLS Included

· Series 4: Spring Off-Peak, 700 MW trip, No UFLS

· Series 5: Spring Off-Peak, West Texas Sensitivity, 700 MW trip

· Series 6: Spring Off-Peak, Houston Sensitivity, 700 MW trip

· Series 7: Spring Off-Peak, Dallas Sensitivity, 700 MW trip

· Series 8: Spring Off-Peak, South Texas Sensitivity, 700 MW trip

Each of these series had cases run at 575 MW, 1150 MW, 1725 MW, and 2300 MW of generation responsive reserve, and all combinations of high-set interruptible tripping in increments of 5% that add up to a total of 2300 MW of responsive reserve.  224 dynamics runs per series x 8 series = 1,792 15-second dynamics runs.

Future cases yet to be run:

· Sensitivity by load area to 2500 MW generation drop (has been run but not yet analyzed)

· Summer Peak case

Other responsive reserve issues to be resolved:

· Load frequency response

· Excitation system response (PSS/e Rev. 26 vs. Rev. 28)

Preliminary Results based on Spring Off-Peak case:

Responsive Reserve Study

Limit of interruptible load that can be used to replace Responsive Reserve

Based on Main Scenarios – Spring Off-Peak case:

	
	Case 1 - 25%

575 MW     High-set
	Case 2 -50%

1150 MW  High-set
	Case 3 -75%

1725 MW High-set
	Case 4 -100%

2300 MW High-set

	Level a: 59.7
	Any
	Any
	<= 60 %

(1380 MW)
	N/A

	Level b:

59.8
	Any
	Any
	<= 45 %

(1035 MW)
	N/A

	Level c:

59.9
	Any
	Any
	<= 60 %

(1380 MW)
	N/A


Results based on Sensitivity studies – Spring Off-Peak case:

	
	Case 1 - 25%

575 MW     High-set
	Case 2 -50%

1150MW  High-set
	Case 3 -75%

1725 MW High-set
	Case 4 -100%

2300 MW High-set

	Level a: 59.7
	Any
	Any
	<= 60 %

(1380 MW)
	N/A

	Level b:

59.8
	Any
	Any
	<= 40 %

(920 MW)
	N/A

	Level c:

59.9
	Any
	Any
	<= 55 %

(1265 MW)
	N/A


Criteria Used:

Criteria 1:  59.5 Hz - 60.5 Hz  This is the original DWG study group criteria and matches ANSI/IEEE Standard C37.106-1987 for continuous operation

Criteria 2:  59.1 Hz - 60.5 Hz  This is the criteria passed by ROS

Criteria 3:  59.3 Hz - 60.5 Hz  This is the revised ROS criteria sent by Henry Wood.

Criteria 4: Objective from the Responsive Reserve study scope:

Objective
The current ERCOT rule allows for 25% of the ERCOT 2300 MW Responsive Reserve Obligation, or 575 MW, of interruptible load tripped at 59.7 HZ to be substituted for responsive spinning reserve.  The objective of this study is to investigate how much of this limit can be increased without significant negative impacts on the ERCOT system. 

Observations:

· For the Spring-Off peak case with 2500 MW generation loss and without UFLS, the frequency decays to just below 59.1 Hz for all of our runs.

· For the Spring-Off Peak case with 2500 MW generation loss and including UFLS, the frequency decays to just below 59.3 Hz for all of our runs, and the Stage 1 UFLS is exercised.

· Clearly, a frequency decay to just below 59.3 Hz that exercises UFLS Stage 1 is acceptable, because it is the behavior of the system under the present rule.

· The system does not approach 60.5 Hz under the present rule, so anything above 60.4 Hz was labeled as ‘marginal’, because it is a significant negative impact from the present ERCOT system.

· Criteria actually used: 59.2 – 60.4 Hz

Vance Beauregard, AEP

2002 DWG Chairman

For Reference:

Determining the loss of life for frequency excursions is not an exact science. Nevertheless, the manufacturers have developed recommendations for it (ANSI/IEEE Standard C37.106-1987, Guide for Abnormal Frequency Protection for Power Generating Plants standards.)  

A composite requirement was made using the most restrictive limitations imposed by any manufacturer. This is shown in tabular form below.

Table 1: Frequency deviation based on C37.106-1987 at 5% loss of life.

	Underfrequency
	Overfrequency
	MaximumTime for 5% Loss

	Limit
	Limit
	Timeof Life

	60.0-59.5 Hz
	60.0-60.5 Hz 
	N/A (continuous operating range)

	59.4-58.5 Hz
	60.6-61.5 Hz
	3 minutes

	58.4-57.9 Hz
	61.6-61.7 Hz
	30 seconds

	57.8-57.4 Hz
	
	7.5 seconds

	57.3-56.9 Hz
	
	45 cycles

	56.8-56.5 Hz
	
	7.2 cycles

	less than 56.4 Hz
	greater than 61.7 Hz
	instantaneous trip


Loss of life accumulates and is based on the magnitude of frequency deviation and its duration.  For example a three minute excursion below 59.5 Hz represents a 5% loss of turbine life.  One advantage of following the ANSI C37.106-1987 standards for loss of life criteria is that it allows all generation owners to protect their units according to manufacturer recommendations.
