WEST TEXAS STABILITY TRANSFER STUDY 2008


WEST TEXAS STABILITY INCREASE TRANSFER STUDY 2008
PURPOSE

The purpose of this study was to quantify an increase in the west Texas stability transfer limit after the addition of several proposed 345 kV transmission lines.

SCOPE
This study considered the addition of four 345 kV lines: single circuit Red Creek to Killeen, single circuit Twin Buttes to Killeen, single circuit Twin Buttes to Kendall, and double circuit Twin Buttes to Kendall, all in the 2012 time frame.  This study addressed transient stability issues related to west Texas transfer only.  This study does not address the “secondary” transient stability limit for generators located west of Morgan Creek.  Thermal transfer limits were not evaluated and could be lower than the transient limits.
MAJOR ASSUMPTIONS

All added lines were bundled 1590 ACSR.

All existing transmission lines, transformers, etc. were in service.

All synchronous machine power system stabilizers were in service. 

The Red Creek to Killeen line was assumed to be 177 miles long. 

The Twin Buttes to Killeen line was assumed to be 200 miles long.

The Twin Buttes to Kendall line was assumed to be 182 miles long. 

The limiting contingency of the loss of the XXXXXXXXXXXXXXXX double circuit is still the limiting contingency after these circuits are added. 
Permian Basin unit 6 is the most important unit to monitor for oscillatory behavior.

Detailed wind models were not used for this study. This is a reasonable assumption where the issues are angular stability and transient damping. Full dynamic wind models are necessary to investigate voltage stability and several other issues. One of several significant impediments to using some of the current wind models is they do not appear to work properly with simulation time steps less than ¼ cycle. Some important equipment in ERCOT requires simulation time steps less than ¼ cycle to obtain an accurate simulation. 
This study used the “standard” Dynamics Working Group “ZIP” load model, and it is assumed this model is appropriate, especially for west Texas load. The load model used does affect the results. 
To offset the increased generation levels in the west, the output of conventional generators in areas 1, 4, 5, 7, and 9 was reduced.  
Sufficient reactive support in west Texas was available. 
STUDY TIME AND APPROACH 
Study started on June 16 and finished on July 17.  Created over 80 stability base cases and included over 130 dynamic simulations (considerable time for execution).

This is a quick study and included making some assumptions (listed in the report) that need to be verified.  A more “normal” study of three to four months including considerable more investigation of the interplay of reactive support and transfer amount should be expected.  Significant experience studying west Texas helped know the issues and produce results quicker than normal.  Significant time was saved (at least a month) by automating the process.  Cases were constructed and interpreted the results during the day.  Computer ran simulations at night and some during the day.  Case building was automated to the extent practical, and results interpretation was almost completely automated.  

LIMIT MEASURES
Flow gates monitored to calculate total transfer were as follows (observe proper flow direction when making calculations):
· Bowman to Jacksboro
· Bowman to Graham

· Clear Crossing to Graham at Graham
· Sweetwater to Graham at Graham

· Long Creek to Graham at Graham

· Comanche Switch to Comanche Peak

· Red Creek to Killeen at Killeen

· Twin Buttes to Kendall at Kendall
The transfer limiting attribute for this study is lack of damping. While there are several small signal approaches to assess the degree of damping, they all assume a linear network and small perturbations. Real power systems are non-linear, particularly during and following large “perturbations” such as faults and tripping lines.  The approach Oncor has used for many years to assess system damping includes full non-linear dynamic simulation of events using PSS/E. The speed deviation of important synchronous machines is monitored during contingency simulations. Synchronous machine speed deviation following the event is decomposed and the time constant for the dominant mode, usually around .5 to .6 Hz, is calculated. 
The acceptance criterion traditionally used by Oncor is based on Permian Basin unit 6 speed deviation time constant. The Dynamics Working Group has recently endorsed ERCOT’s proposal to use a damping ratio of no less than 3.5%. The criteria used for this study was Permian Basin unit 6 speed deviation time constant less than or equal to 10 seconds and damping ratio greater than or equal to 3.0. This study was made using transfer change increments of 100 MW. Achieving an exact 3.5% damping ratio using this method is fairly unlikely. Using a minimum damping ratio of 3.0 overstates the transfer by no more than 100 MW.  
CONCLUSIONS

The following table summarizes the stability based west Texas transfer limit increases from this study:

	
	Increase in Stability Transfer Limit MW

	Circuit Addition
	Without compensation
	With 50% series compensation

	
	
	

	Red Creek to Killeen
	500
	800

	Twin Buttes to Killeen
	600
	800

	Twin Buttes to Kendall -1 circuit
	400
	600

	Twin Buttes to Kendall -2 circuits
	600
	900

	Red Creek to Killeen and Twin Buttes to Kendall -2 circuits
	1000
	1600

	
	
	


Table 1
The results in Table 1 should be considered the maximum stability based transfer level.  Factors such as lines and other circuit elements, or PSS out of service most likely will result in a lower stability based transfer limit.  Previous studies by Oncor and ERCOT illustrate the effect loss of circuit elements or PSS can have on west Texas transfer limits. 
It should be noted that west Texas can be subject to voltage collapse. To obtain the transfer levels listed in Table 1 required the addition of several hundred mvar of switched capacitors.  Even with these reactive additions, it was not possible to obtain full output from all existing wind generation sources in the 2012 case. A thorough reactive support and dynamic (not load flow) voltage stability study should be performed before any significant increase in the current transfer level from west Texas is implemented.
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