TOT 7 Transfer Path

Transient Stability Study

2010 STUDY PLAN
Purpose and Need

The TOT 7 transfer path is a transmission corridor located in north central Colorado that has been identified as being limited in its ability to deliver power to central Colorado load centers from the north.  The TOT 7 transfer path is operated by Public Service Company of Colorado (PSCo) and jointly owned by PSCo and the Platte River Power Authority (PRPA). Thermal limits are presently being developed by PRPA for the 2010 summer season.  Other possible limits may be due to voltage stability and transient stability.  This study will examine the potential for restrictive limitations to the TOT 7 transfer path due to transient stability.  If there are limitations to TOT 7 due to transient stability that are more limiting than the thermal capability, then those limits will be quantified.   Voltage stability will be addressed in a separate study effort.

Foothills Planning Group

The Foothills Planning Group consists of representatives from PRPA, PSCo, Tri-State Generation & Transmission, and Western Area Power Administration – Rocky Mountain Regional Office.  

Study Scope

The study area for the transient stability study is the Foothills area.  The Foothills area consists of the transmission system in Colorado bounded by the Valmont and Henry Lake substations in the south to the Colorado/Wyoming border in the north, and from Estes Park in the west to Greeley in the east.

The TOT 7 transfer path is a 230 kV transmission corridor in the Foothills area between Ault and Fort St. Vrain (FSV) substation and consists of three transmission lines:

· Ault-Windsor-FSV 230 kV line
(metered at Ault)

· Weld-FSV 230 kV line

(metered at Weld)

· Longs Peak-FSV 230 kV line
(metered at FSV)

Study Performance Criteria

PSCo adheres to NERC Transmission Planning Standards and WECC Reliability Criteria for planning studies.  Transient stability criteria require that all generating machines remain in synchronism and all generator rotor angle swings should be well damped.  Also, transient voltage performance should meet the following criteria:

· Following fault clearing for Category B contingencies, voltage may not dip more than 25% of the pre-fault voltage at load buses, more than 30% at non-load buses, or more than 20% for more than 20 cycles at load buses.

· Following fault clearing for Category C contingencies, voltage may not dip more than 30% of the pre-fault voltage at any bus or more than 20% for more than 40 cycles at load buses.

In addition, transient frequency performance should meet the following criteria:

· Following fault clearing for Category B contingencies, frequency should not dip below 59.6 Hz for 6 cycles or more at a load bus.

· Following fault clearing for Category C contingencies, frequency should not dip below 59.0 Hz for 6 cycles or more at a load bus.

Note that load buses include generating unit auxiliary loads.

Modeling Assumptions
The transient stability studies will be based on the WECC approved 10hs3bp.sav base case, as reviewed and updated for the WECC Rocky Mountain Region 2010 summer Operating Transfer Capability studies.  
Load levels reflect 2010 heavy summer peak system conditions.  This case will be modified by PRPA to represent two different operating scenarios of interest as part of the thermal TOT 7 path limit studies:

1. 2010 summer peak load in the Foothills area with CBT generation at 0 MW and TOT 7 stressed to it’s thermal limit (north to south), and

2. 2010 summer off-peak load (??% of peak) in the Foothills area and CBT generation at 180 MW with TOT 7 stressed to the 890 MW transfer rating of the transfer path.

These cases will be used as a starting point for the TOT 7 transient stability studies
Disturbance Analysis
The list of disturbances to be studied in the TOT 7 transient stability analysis can be found in Table 1 below.  Category B and C disturbances, and one Category D disturbance will be simulated at the Fort St. Vrain 230 kV, Weld 230 kV, Ault 230 kV, Ault 345 kV, Timberline 230 kV, and Rawhide 230 kV substations.  The Category C disturbances include single line to ground faults with breaker failure, a single line to ground fault on a bus tie, and 3 phase faults involving two circuits on a multiple circuit tower.  The 3 phase fault is more severe than a single line to ground fault scenario.  The Category D disturbance is a 3 phase fault on the 230 kV bus tie at Weld substation.  The contingencies to be evaluated will be limited to those necessary to adequately assess the transient stability performance of the TOT 7 transfer path.    

The analyses using three-phase faults with normal clearing will assume 5 cycle normal clearing time for 230 kV breakers and 4 cycle normal clearing time for 345 kV breakers.  The breaker failure analyses will use a total clearing time of 17 cycles for PSCo 230 kV breakers and 18 cycles PRPA and WAPA 230 kV breakers and 17 cycles for 345 kV breakers.  To demonstrate a reasonable amount of stability margin, 3 cycles will be added to the total clearing time in each disturbance scenario.

To perform the assessment, for each contingency plots of generator relative rotor angle and bus voltage will be produced.  Minimum transient bus voltage dips and minimum transient frequency dips will also be determined.  
Schedule
The TOT 7 Transient Stability Study will begin following the end of the TOT 7 thermal limit analysis and receipt of the two load flow base cases.  The goal is to complete the studies within 6 weeks following receipt of the cases.
Table 1
Listing of Transient Stability Study Contingency Scenarios
	Disturbance Scenario #
	Fault Type
	Fault Location
	Tripped Facilities
	Facility Tripped due to Breaker Failure

	
	
	
	
	

	100
	3ph
	Ft St Vrain 230 kV
	FSV – Weld 230 kV
	N/A

	101
	3ph
	Ft St Vrain 230 kV
	FSV – Ault 230 kV
	N/A

	102
	3ph
	Ft St Vrain 230 kV
	FSV Unit 1 GSU
	N/A

	103
	3ph
	Ft St Vrain 230 kV
	FSV – Longs Peak 230 kV
	N/A

	104
	3ph
	Ft St Vrain 230 kV
	FSV – Isabelle 230 kV
	N/A

	105
	3ph
	Ft St Vrain 230 kV
	FSV – Spindle 230 kV
	N/A

	106
	3ph
	Ft St Vrain 230 kV
	FSV Unit 2 GSU
	N/A

	107
	3ph
	Ft St Vrain 230 kV
	FSV – Ft Lupton 230 kV #1
	N/A

	108
	3ph
	Ft St Vrain 230 kV
	FSV Unit 3 GSU
	N/A

	109
	3ph
	Ft St Vrain 230 kV
	FSV – Green Valley 230 kV
	N/A

	10A
	3ph
	Ft St Vrain 230 kV
	FSV Unit 4 GSU
	N/A

	10B
	3ph
	Ft St Vrain 230 kV
	FSV Unit 5 GSU
	N/A

	10C
	3ph
	Ft St Vrain 230 kV
	FSV Unit 6 GSU
	N/A

	110
	3ph
	Timberline 230 kV
	Timberline – Harmony 230 kV
	N/A

	111
	3ph
	Timberline 230 kV
	Timberline – Ault 230 kV
	N/A

	112
	3ph
	Timberline 230 kV
	Timberline – Rawhide 230 kV
	N/A

	113
	3ph
	Timberline 230 kV
	Timb – Dixon Ck/Raw 230 kV
	N/A

	120
	3ph
	Weld 230 kV
	Weld – Ault 230 kV #1
	N/A

	121
	3ph
	Weld 230 kV
	Weld – FSV 230 kV
	N/A

	130
	3ph
	Ault 230 kV
	Ault – Archer 230 kV
	N/A

	131
	3ph
	Ault 230 kV
	Ault – Weld 230 kV #1
	N/A

	132
	3ph
	Ault 230 kV
	Ault – Ft St Vrain 230 kV
	N/A

	133
	3ph
	Ault 230 kV
	Ault – Timberline 230 kV
	N/A

	134
	3ph
	Ault 230 kV
	Ault – Rawhide 230 kV
	N/A

	135
	3ph
	Ault 230 kV
	Ault 230/345 kV #3
	N/A

	140
	3ph
	Ault 345 kV
	Ault – Craig 345 kV
	N/A

	141
	3ph
	Ault 345 kV
	Ault – Laramie River Station 345 kV
	N/A

	142
	3ph
	Ault 345 kV
	Ault 345/230 kV #3
	N/A

	150
	3ph
	Rawhide 230 kV
	Rawhide – Ault 230 kV
	N/A

	151
	3ph
	Rawhide 230 kV
	Rawhide – Timberline 230 kV
	N/A

	152
	3ph
	Rawhide 230 kV
	Rawhide – Dixon Ck/Timb 230 kV
	N/A

	153
	3ph
	Rawhide 230 kV
	Rawhide – Laporte 230 kV
	N/A

	154
	3ph
	Rawhide 230 kV
	Rawhide Unit 1 GSU
	N/A

	155
	3ph
	Rawhide 230 kV
	Rawhide Unit A GSU
	N/A

	156
	3ph
	Rawhide 230 kV
	Rawhide Unit B GSU
	N/A

	157
	3ph
	Rawhide 230 kV
	Rawhide Unit C GSU
	N/A

	158
	3ph
	Rawhide 230 kV
	Rawhide Unit D GSU
	N/A

	159
	3ph
	Rawhide 230 kV
	Rawhide Unit F GSU
	N/A

	200
	slg w/ BF
	Ft St Vrain 230 kV
	FSV – Longs Peak 230 kV
	FSV – Isabelle 230 kV

	201
	slg w/ BF
	Ft St Vrain 230 kV
	FSV – Ft Lupton 230 kV
	FSV Unit 2

	202
	slg w/ BF
	Ft St Vrain 230 kV
	FSV – Green Valley 230 kV
	FSV Unit 3

	210
	slg w/ BF
	Timberline 230 kV
	Timberline – Ault 230 kV
	Timb – Rawhide 230 kV

	211
	slg w/ BF
	Timberline 230 kV
	Timberline – Rawhide 230 kV
	Timb – Dixon Ck/Raw 230 kV

	212
	slg w/ BF
	Timberline 230 kV
	Timb – Dixon Ck/Raw 230 kV
	Timb – Harmony 230 kV

	220
	slg
	Weld 230 kV
	Weld 230 kV Bus Tie

Weld – Ault 230 kV #1

Weld – Ault 230 kV #2

Weld LM 230/115 kV
	N/A

	221
	slg w/ BF
	Weld 230 kV
	Weld 230 kV Bus Tie

Weld – Ault 230 kV #1

Weld LM 230/115 kV
	Weld – Ault 230 kV #2

	222
	slg w/ BF
	Weld 230 kV
	Weld 230 kV Bus Tie

Weld – Ault 230 kV #1

Weld – Ault 230 kV #2

Weld LM 230/115 kV
	Weld PS 230/115 kV

	230
	slg w/ BF
	Ault 230 kV
	Ault – Archer 230 kV
	Ault 345/230 kV #1

	231
	slg w/ BF
	Ault 230 kV
	Ault – Weld 230 kV #1
	Ault 345/230 kV #3

	232
	slg w/ BF
	Ault 230 kV
	Ault – Weld 230 kV #2
	Ault – Rawhide 230 kV

	233
	slg w/ BF
	Ault 230 kV
	Ault – Timberline 230 kV
	Ault – Ft St Vrain 230 kV

	240
	slg w/ BF
	Ault 345 kV
	Ault – Craig 345 kV
	Ault 345/230 kV #3

	241
	slg w/ BF
	Ault 345 kV
	Ault – Laramie River Station 345 kV
	Ault 345/230 kV #2

	242
	slg w/ BF
	Ault 345 kV
	Ault 345/230 kV #2
	Ault – Laramie River Station 345 kV

	250
	slg w/ BF
	Rawhide 230 kV
	Rawhide – Dixon Ck/Timb 230 kV
	Rawhide – Laporte 230 kV

	251
	slg w/ BF
	Rawhide 230 kV
	Rawhide Unit A GSU
	Rawhide Units B, C, D & F

	300
	3ph
	Ft St Vrain 230 kV
	FSV – Isabelle 230 kV
FSV – Spindle 230 kV
	N/A

	301
	3ph
	Ft St Vrain 230 kV
	FSV – Ft Lupton 230 kV #1

FSV – Ft Lupton 230 kV #2
	N/A

	310
	3ph
	Timberline 230 kV
	Timberline – Rawhide 230 kV

Timberline – Ault 230 kV
	N/A

	320
	3ph
	Weld 230 kV
	Weld – Ault 230 kV #1

Weld – Ault 230 kV #2
	N/A

	330
	3ph
	Ault 230 kV
	Ault – Timberline 230 kV

Ault – Rawhide 230 kV
	N/A

	331
	3ph
	Ault 230 kV
	Ault – Weld 230 kV #1

Ault – Weld 230 kV #2
	N/A

	350
	3ph
	Rawhide 230 kV
	Rawhide – Ault 230 kV

Rawhide – Timberline 230 kV
	N/A

	351
	3ph
	Rawhide 230 kV
	Rawhide – Dixon Ck/Timb 230 kV

Rawhide – Laporte 230 kV
	N/A

	430
	3ph
	Weld 230 kV
	Weld 230 kV Bus Tie

Weld – Ault 230 kV #1

Weld – Ault 230 kV #2

Weld LM 230/115 kV
	N/A


