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West Texas Power Export and Import
Transient Stability Limits Study

2007 and 2010 Network Conditions
DRAFT SCOPE OF STUDY
1. Objective

The objective for this study is to calculate the maximum power transfer capabilities to export from and import to the West Texas region based on transient stability limits.  Develop list of possible improvements to increase capability including sensitivity analysis.  The network conditions to be studied are for the years 2007 and 2010 on-peak and off-peak conditions.  
High export levels of power transfer out of West Texas result when the output from generation resources in the region (either wind turbines or conventional generators) are high and/or the load level in the region is low.  Therefore, Phase I study should investigate both off-peak system conditions (where West Texas load and conventional generation output are low and wind output is high) and on-peak system conditions (where West Texas load and conventional generation output are high and wind output is low).

Phase II study, similar to Phase I in process but adjusted for its differences in power flow direction, will focus on finding the 2007 North-to-West limits. Phase III and IV will repeat the study for the year 2010.
2. Deliverables

Final report will contain results from each study Phase by the end of 2007, highly depending on selected scope of work.  Determine stability limits, develop possible list of short term and long term improvements including series compensation, 345 kV and 765 kV additions, and determine sensitivity of various options on stability limits.  Results from this study will be presented to ERCOT stakeholders at RPG meetings for their consideration.

3. Resources

ERCOT Staff will lead and perform this study.  TSPs will assist in base case development, review of study and development of transmission improvements and cost estimates for porposals.  RPG members will provide input on scope, actively participate in study and propose/comment on/review.
4. Schedule of Study

Project starts full time once DWG finalizes the flat-start with wind models for the 2007 summer on-peak base case (estimated to be completed by the end of May 2007).  A reasonable completion date for the final report is a function of the number of scenarios and sensitivities studied.  A scenario will define the specific generation dispatch and load in the West region. Generation scenarios need to include no thermal generation, develop various transfer levels into and out of West Texas, new generation units planned for west texas will be included in the appropriate base case (example: Morgan Creek Coal, Quail Run). 
	Phase
	Description
	Scenarios
	Month x Engineer

	
	Development of 2007 off-peak dynamics base case + wind farms
	
	1 x 1

	I-a
	2007 off-peak network, West-to-North limits
	10
	3 x 1

	I-b
	2007 on-peak network, West-to-North limits
	10
	3 x 1

	II-a
	2007 off-peak network, North-to-West limits
	5
	2 x 1

	II-b
	2007 on-peak network, North-to-West limits
	5
	2 x 1

	
	Development of 2010 off-peak dynamics base case + wind farms
	
	1 x 1

	
	Add wind farm models to 2010 on-peak dynamics base case
	
	1 x 1

	III-a
	2010 off-peak network, West-to-North limits
	10
	3 x 1

	III-b
	2010 on-peak network, West-to-North limits
	10
	3 x 1

	IV-a
	2010 off-peak network, North-to-West limits
	5
	2 x 1

	IV-b
	2010 on-peak network, North-to-West limits
	5
	2 x 1

	
	Final Report
	
	1 x 1


5. Data Inputs

For 2007 off-peak study scenarios, a suitable base case will have to be prepared because dynamics working group does not currently prepare a low-load base case for dynamic studies.  The suggested approach is to attempt to merge the 2007 dynamics data set with the SSWG fall or spring seasonal off-peak case and then add detailed wind farm models.  Additional case modifications in West Texas, such as load scaling and voltage control/reactive adjustments, may also be necessary.

For on-peak study scenarios, the 2007 wind flat start case and dynamic data set as prepared by ERCOT ROS’s DWG will be utilized.

To study the year 2010 off-peak, a new base case will have to be prepared following the process done for the 2007 off-peak network.  To study the year 2010 on-peak, a new wind flat start case and dynamic data set will be prepared by ERCOT staff and added to the 2010 on-peak flat start case prepared by ERCOT ROS’s DWG.

This transfer stability study will follow common and accepted engineering assumptions and be subject to the ERCOT voltage stability criteria and planning standards.  The simulations will be done with PTI’s PSSe to include the full wind farm dynamic models as updated by ROS’s DWG and ERCOT staff.  Additional relevant wind farms or conventional generators may be added to the cases.

Standard ERCOT contingencies will be analyzed including line, tower and line/tower + generator contingencies following a 3-phase fault.

For study purposes, West Texas will be defined by the current West CSC/CM zone.  The ERCOT weather zones definition will be used to identify a Far West region of study within the West CSC/CM zone.  Higher levels of power transfer will generally be achieved by increasing West Texas generation and reducing generation in the South or Houston CSC regions. 

DC tie import/export levels and conventional generator dispatches recommended by the local transmission provider may also be studied including scenarios where power system stabilizers (PSS) for conventional generators are out of service.

6. Study

A recent ERCOT study found a transient stability limit for West Texas exports when modeling a high level of wind output within the West CSC region.  This study will build upon the 2006 study and identify a stability limit for West Texas export and import for both 2007 and 2010 network conditions.

In Phase I, the objective is to find the transient limit at the West-to-North interface.  In the off-peak scenario, simulations will be performed with no or minimal amounts of conventional generation in the West region.  West wind farm generation will be scaled up to determine a stability limit for each fixed conventional generation dispatch scenario.  In the on-peak scenario, West conventional generation will be maximized first and then wind farm generation will be scaled up if necessary to determine a stability limit.  Additionally, stability limits for power exports from the Far West zone will be studied.
In Phase II, the objective is to find transient limit at the North-to-West interface.  In the off-peak scenario, simulations will be performed with no or minimal amounts of generation in the West region.  West wind farm generation will be scaled up (as necessary) to determine a stability limit for each fixed conventional generation dispatch scenario.  In the on-peak scenario, West conventional generation will be increased first and then wind farm generation will be scaled up (as necessary) to determine a stability limit.  

For each study phase, several scenarios will be prepared, according to selected sensitivities to be tested (e.g. the conventional generation dispatch, DC tie import/export level, PSS status, etc.)  Each scenario will go through a dynamic flat-start process that includes wind farm dynamic models.  Transient stability studies under selected contingencies will be executed and their dynamic stability response plotted and visually evaluated based on angular stability and voltage recovery objectives.

In Phase III and IV, the 2010 network conditions will be utilized to find similar limits as done for the year 2007 in Phase I and Phase II.

Dispatch scenarios are proposed only for 2007, assuming that similar dispatch patterns can be applied for the year 2010.

6.1. Phase I-a West-to-North off-peak scenarios

The baseline case will have all conventional generation off.  Derived scenarios will have selected sets of conventional generation turn on.
	Scenario
	Scenario Description

	A
	Off-peak baseline case (no conventional generation on line in West Texas)

	B
	+Far West dispatch scenario (cogen units)

	C
	+Far West dispatch scenario (TIE 1 train – min)

	D
	+Far West dispatch scenario (TIE 1 train – max)

	E
	+Far West dispatch scenario (TIE + Quail Run)

	F
	+Turn on cogen units

	G
	+Turn on Oklaunion units

	H
	+Turn on Graham units

	I
	+DC tie variation

	J
	+DC tie variation


6.2. Phase I-b West-to-North on-peak scenarios

The baseline case will maximize conventional generation first and add wind generation if the stability limit has not been reached at maximum conventional generation output.  The next scenario would take a PSS out of service.
	Scenario
	Scenario Description

	A
	On-peak baseline case

	B
	+Far West dispatch scenario (PB PSS off)

	C
	+Far West dispatch scenario (PB units off)

	D
	+Far West dispatch scenario (PB units off)

	E
	+Oklaunion PSS out of service

	F
	+All  Morgan Creek  units off

	G
	+All  Graham units off

	H
	+All Oklaunion units off

	I
	+DC tie variation

	J
	+DC tie variation


6.3. Phase II-a North-to-West off-peak scenarios

The baseline case will start from the off-peak case and minimize generation dispatch in the West zone.  Derived scenarios will turn on selected conventional generation to determine any impact on the stability limit. 
	Scenario
	Scenario Description

	A
	Off-peak baseline case (no conventional generation on line in West Texas)

	B
	+Turn on Quail at Pmin

	C
	+Turn on Oklaunion at Pmin

	D
	+Turn on CalEnergy at Pmin

	E
	+DC tie set from 150MW to 0 MW


6.4. Phase II-b North-to-West on-peak scenarios

The baseline case will start from the on-peak case with minimal generation dispatched in the West zone.  Derived scenarios will turn on selected generation to determine any impact on the stability limit.
	Scenario
	Scenario Description

	A
	On-peak baseline case

	B
	+ PB Generation off

	C
	+TIE Generation off

	D
	+Oklaunion Generation off

	E
	+DC tie set from 200MW to 0 MW


6.5. Interface limits

Phase I (and Phase III) study results will report the total West Texas export limit as measured by the sum of power flows through all of the ties out of the West CSC zone and its proxy limits as measured at the ERCOT Operations West-to-North 345 kV interface, defined by summing the power flowing on six 345 kV transmission lines: from Mesquite to Graham, from Sweetwater to Graham, from Morgan Creek to Graham, measured as entering Graham for these three flows, from Bowman to Graham, from Bowman to Jacksboro SS, measured as leaving Bowman for these two flows and from Red Creek to Comanche, measured as entering Comanche SS.  Limits on an alternative West Texas interface that was recommended in the previous study and defined by summing the power flowing on four 345 kV transmission lines (from Graham to Benbrook, from Graham to Parker, from Jacksboro SS to Willow Creek and from Red Creek to Comanche) will also be reported.  The flow on a fifth line (Jacksboro SS to West Denton) that is new to the 2007 base cases may need to be added to this interface.
Phase II (and Phase IV) study results will report the total West Texas import limit as measured by the sum of power flows through all of the ties into the West CSC zone and its proxy limits as measured at the ERCOT Operations North-to-West 345 kV interface, with the same lines as the West-to-North interface but with power flows reversed.
6.6. Contingency sets

The selective process described below for Phase I will be repeated per study phase (I to IV, adjusted to the requirements of each study) to determine the final set of disturbances to be tested in the dynamic simulations.
In Phase I an initial PV study for West Texas to North Texas power transfer will identify those West Texas NERC categories B and C contingencies that are most limiting due to voltage collapse or excessive low voltage conditions.  A West Texas to North Texas power transfer transient stability study without wind farms will identify those faults that are most limiting due to angular separation.

The PV study will model West Texas power transfers to the rest of ERCOT, ranking in severity the most severe contingencies in each of the following sets:
	NERC Category B Contingencies

	Single generator outage 
	Contingency set includes all West Texas Generators.

	Single line outage
	Contingency set includes all West Texas 345 kV & 138 kV lines.

	NERC Category C Contingencies

	Single event multi-line outage
	Contingency set includes the outage of multiple 345 kV and 138kV lines that are susceptible to a single failure (e.g. common supporting structures).

	Single line and single generator
	Selected single line (from the single line outage test) and a non-wind generator in West Texas 

	Single event multi-line and single generator
	Selected single event multi-line (from the single event multi-line outage test) and a non-wind generator in West Texas


The ranking of contingencies will be based on the ERCOT voltage stability criteria that calls for a PV margin >5% above the total load in the study area for category B contingencies and PV margin >2.5% for category C or D.

A transient stability study that models West Texas power transfers to the rest of ERCOT (without dynamic wind farm models) will use the previous PV-ranked contingency list and further refined it by applying faults and measuring the system response.  A three-phase bus fault will be simulated for 4 cycles (0.06667 seconds) at 345 kV buses or 5 cycles (0.0833 seconds) at 138 kV buses and cleared by the removal of one or more elements followed by a dynamics simulation totaling 10 seconds:
	NERC Category B Contingencies

	Single generator outage 
	Contingency set includes all West Texas Generators.  A fault is applied at the high voltage side of the step-up transformer.

	Single Line outage
	Contingency set includes all West Texas 345 kV lines.  A fault is applied at each end of the 345 kV line.

	NERC Category C Contingencies

	Single Event Multi-Line outage
(with or without a generator outage)
	Contingency set includes the outage of multiple 345 kV and 138kV lines that are susceptible to a single failure (e.g. common supporting structures).    A fault is applied at each 345 kV bus within the contingency definition.  


The final contingency set may include additional contingencies based on previous study results and input from the local utility stability expert(s).
6.7. Monitoring Elements

All machines in West Texas will be monitored for deviations in machine angle, terminal voltage and power output.  Two 345 kV buses, Graham and Moss, and two 138 kV buses, Rio Pecos and Permian Basin, will be monitored for bus frequency and voltage deviations.
6.8. Load Models

Standard zip models, as used by the ERCOT’s dynamics working group, will be applied to the base cases.  
6.9. Study Limitations

This study is subject to the following issues that might limit its conclusions:

Pre-existing conditions: Pre-existing conditions may not be resolved prior to running this study.  The base case may contain overloads, voltage violations and n-1 violations.

Generation dispatch uncertainty: The base case is usually dispatched for minimum overloads on the ERCOT CSC interfaces, but there is no guarantee that such generation dispatch is the most severe to the region under study.  Voltage collapse events may not be discovered when generation output are modeled with more reactive production and/or reserves than it would actually occur, resulting in not picking the corresponding contingency for the final stability runs.   

Load modeling uncertainty: Load types (large motor, small motor, discharge lamp and constant power) are assumed to be represented by standard ZIP models.  Dynamic simulations may not include explicit dynamic models for motor load.

Under-voltage violations:  Depending on the composition in load types, low bus voltages could indicate the starting point for motor load stalling leading to fast voltage collapse.  

The effects of Special Protection Schemes (SPS) that take into account planned or controlled interruption of generators or transmission lines.  

The effects of protection relay (mis-) coordination resulting on cascading of uncontrolled successive loss of system elements triggered by the contingency under test.  

Breaker failure conditions of the relay protection system are not modeled.
Load shedding, the planned removal from service of certain area loads (undervoltage and underfrequency load shedding schemes are not included in the model).

Operational actions (curtailment of contracted firm power, etc.) as response to the disturbance event.

7. Flow Chart of Study Activities per Scenario:
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