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Executive Summary


The ERCOT Operating Guides require a review of the ERCOT UFLS program every five years at a minimum.  The ERCOT Dynamics Working Group (DWG) has made an assessment of the UFLS program based on a review of the May 2003 event which resulted in the first ever use of the UFLS program in ERCOT.  This assessment included a review of the frequency setpoints and time delays, review of the dynamic simulation of the event, analysis of contingency events, and evaluation of program effectiveness.


DWG review concludes that the UFLS program effectively arrested frequency decline as it was designed.  Simulations using the ERCOT dynamics database did not accurately reproduce the frequency response of the event based on a number of factors.  Several efforts are underway to increase the accuracy of the ERCOT dynamics models.
Background

The ERCOT Dynamics Working Group (DWG) last completed an Underfrequency Load Shedding (UFLS) study in 2001.  Since that time, ERCOT has undergone major changes including the beginning of a competitive retail electricity market on January 1, 2002.  Many new generators have been built in ERCOT since 2000 while a number of older generators have either been retired or mothballed.  Therefore, by 2002 typical flow patterns had changed throughout parts of ERCOT.  In May 2003, ERCOT had an event that resulted in the first-ever deployment of the ERCOT UFLS load shed program.  The ERCOT Operating Guides requires a review of the UFLS program at a minimum of every five years or as directed by the Reliability and Operations Subcommittee (ROS).  Therefore, the UFLS program is due to be reviewed in 2006 and this report addresses that requirement.  In lieu of simulations on future cases, the DWG chose to review the actual event of May 2003 and make an assessment of the effectiveness of the UFLS program based on the belief that an actual test of a program is much more useful than any simulation. (The above statement is not to be construed to imply DWG recommends actually tripping generators resulting in loss of load. It does mean the 2003 event provides a unique opportunity to evaluate the system with greater certainty than can be obtained from simulation.)
ERCOT UFLS Program

The ERCOT UFLS program is officially described in ERCOT Operating Guides Section 2.9 as shown below.  ERCOT’s UFLS program has not changed since the 2001 study was performed.
2.9
Requirements for Under-Frequency Relaying

2.9.1
Automatic Firm Load Shedding

At least 25% of the ERCOT System Load that is not equipped with high-set under-frequency relays shall be equipped at all times with provisions for automatic under-frequency load shedding.  The under-frequency relays shall be set to provide load relief as follows:

	Frequency Threshold
	Load Relief

	59.3 Hz
	5% of the ERCOT System Load

(Total 5%)

	58.9 Hz
	An additional 10% of the ERCOT System Load

(Total 15%)

	58.5 Hz
	An additional 10% of the ERCOT System Load

(Total 25%)


The Control Area Authority will, prior to the peak each year, survey each TDSP’s compliance with the automatic load shedding steps above, and report its findings to the Technical Advisory Committee of ERCOT.  For minimum compliance, TDSPs are obligated to meet the prescribed percent values at all times.  It is not permitted to use rounding off to meet the minimum.  ERCOT will direct a review of the automatic firm load shedding program whenever warranted by conditions in the ERCOT System.  At a minimum, this review will follow the Reliability and Operations Subcommittee (ROS) directed dynamic simulations of automatic firm load shedding conducted at five-year intervals beginning in the summer of 2001.

May 2003 UFLS Event
On May 15, 2003 at about 2:52am, both Comanche Peak units, connected to the TXUED transmission system, tripped followed by additional unit trips throughout the ERCOT system.  This resulted in the frequency dropping to 59.28 Hz and the first ever use of UFLS in the ERCOT system.  Approximately 650 MW of Load Acting as a Resource (LaaRs) (a substitute for synchronous machine responsive reserve) tripped when the frequency dropped below 59.7 Hz, while approximately 1550 MW (the first stage) of UFLS tripped when the frequency dropped below 59.3 Hz.  The system then gradually recovered to normal frequency in about 12 minutes.  Only the first stage of UFLS was necessary to arrest the frequency decline.
Review of frequency setpoints and trip timing


As a result of the May 15, 2003 event, ERCOT undertook a substantial evaluation and clarification of the requirements for relay time delay.  The review was done because some TSP stage one UFLS relays tripped faster than those of other TSPs, not because of any operational failure.  On the contrary, the system worked as it was designed.  The DWG worked with the SPWG to present some clarifying language to the ROS which was approved and integrated into the Operating Guides.   

Dynamic simulations of system frequency response


A simulation of the actual event was performed by TXUED and it did not match the actual frequency response.  As seen in Figure 1, the blue line shows the actual system frequency response after the disturbance.  The purple line indicates the simulation using the 2003 dynamics data set.  A number of changes were made to the data to produce a simulation that corresponds much more closely with the actual response. These changes included changing the governor droop for all machines in ERCOT to 17%, adding fault impedance, and modeling some of the load with a constant MVA characteristic.  A number of reasons were cited for the poor governor response, including non-responding generators, inability to model generators exhibiting runback behavior, and a lack of an accurate combined cycle governor model.  
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Figure 1. Actual vs simulated response of the May 2003 event.

Analysis of contingency events or potential islanding situations


The ERCOT UFLS scheme does not include any planned islanding of the transmission system.  The May 2003 UFLS did not result in any islanding in ERCOT confirming that the scheme operated as planned.  The contingency events are therefore limited to the loss of generation.  During the May 2003 event a total of approximately 3900 MW of generation ultimately tripped off the ERCOT system; however, several of these units tripped well after the initial event and the shedding of UFLS load.  The units that tripped were generally found to have incorrect protective relay or control settings.  The initial generation loss was the two Comanche Peak units totaling approximately 2300 MW. Within 3 seconds of the initial generation loss two additional units tripped totaling approximately 1000 MW. A total loss of approximately 2200 MW of load occurred (650 MW of LaaRs, 1550 MW of UFLS).  
Program Effectiveness

The May 2003 event showed that the ERCOT UFLS program is effective in arresting frequency decline.  As a result of the May 2003 event several recommendations were made by ROS and ERCOT, but none proposed changing the UFLS program since it worked as planned.
Next Study


The next UFLS assessment is scheduled to be made by the DWG in 2011 or as directed by the ROS.
Conclusions

DWG assessment of the May 2003 event resulted in the following conclusions:

1. The UFLS program effectively arrested frequency decline and the system eventually returned to normal.

2. The May 2003 event did not result in any islanding of the ERCOT transmission system, which is consistent with its design.

3. Simulation of the May 2003 event by using the standard ERCOT dynamics database did not predict the magnitude of frequency decline that occurred.  The reasons for this include an inaccurate load model and governor droop response closer to 17% than the modeled 5%.  Several efforts are underway to improve the dynamic models used in ERCOT including the combined cycle governing model development, OGRR188 which was submitted by the DWG and requires generator model validation, and the EPRI Load Modeling project.
