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Oncor supports the requirement for Voltage Ride Through (VRT) capability on Wind-powered Generation Resources (WGRs).  The need for VRT has been well established by FERC Order 661A issued December 12, 2005 with the concurrence of American Wind Energy Association (AWEA) and the North American Electric Reliability Corporation (NERC).
Oncor performed a brief stability study to illustrate the effect a fault can have on West Texas voltage.

The load flow case and dynamics file used in the simulation are the 2007 ROS Dynamics Working Group (DWG) wind flat start case and dynamics file.  This case and associated dynamics file include wind generation modeled in detail using the available wind dynamic models. The load model used is the normal ZIP model. Note that the load model used does not accurately account for motor dynamics, so the results shown in this report are likely optimistic; that is the voltage will likely drop lower and the recovery time will likely be longer than illustrated in this report. 

The contingency consisted of a three phase to ground fault near Odessa on one circuit of the Odessa to Morgan Creek 345 kV line. The fault was normally cleared in 4 cycles by removing the faulted circuit. 

The attached spreadsheet lists the low point voltage at 42 buses in west Texas.  As expected, the low point voltage is near zero at the fault location.  Perhaps more surprising is that at about 50 miles (geographic, not circuit miles) away the voltage drop can be greater than 60%.  At 100 miles from the fault location, the voltage drop can be greater than 35%. Even at about 230 miles from the fault point the Graham 345 kV bus saw a 15 % voltage drop.  It should be noted that a 400 MVA synchronous generator is connected to the 345 kV bus at Graham.

The attached graphs show bus voltage at monitored buses over a 4 second interval for this contingency.  As expected the graphs show the voltage recovers significantly after the fault is removed.  This initial recovery varies from around 60% of normal to about 90%.  Then in many cases the voltage begins to decline before rapidly recovering to a value within normal operating range.  If uncorrected the voltage decline suggests an impending voltage collapse.  The voltage recovery from this decline is primarily due to the action of dynamic reactive devices such as synchronous generators and the application of some very fast acting switched capacitors.  As can be seen, the voltage within some facilities is very low for several cycles after the fault is removed.  Also note that a relatively high recovery voltage occurred at some buses. 

Finally, wind generation at five locations tripped as a result of the fault.
Oncor supports additional accurate and appropriate studies (including detailed modeling of wind farms) need to be performed.  We are also concerned that there may already be a reliability concern with wind generation tripping off during faults. 
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		CHANEL		IDENTIFIER		Bus/Location		INITIAL VALUE		DEVIATION		Voltage (PU)		TIME (SECONDS)

		179		VOLT		1029 [ODEHV 2T345.00]		1.0320		-1.0280		0.0040		0.0667

		177		VOLT		1018 [MOSS    345.00]		1.0190		-0.9349		0.0841		0.0667

		195		VOLT		1027 [ODES EHV138.00]		1.0310		-0.9150		0.1160		0.0667

		194		VOLT		1023 [MIDLND E138.00]		1.0210		-0.8152		0.2058		0.0667

		230		VOLT		38332 [WDWRDU2     34.500]		1.0280		-0.7485		0.2795		0.0667

		236		VOLT		60017 [ORNNWP1     34.500]		1.0470		-0.7457		0.3013		0.0667

		235		VOLT		60016 [WDWDU1      34.500]		1.0300		-0.7448		0.2852		0.0667

		247		VOLT		6613 [TNCCRAN2    69.000]		1.0300		-0.6759		0.3541		0.0667

		237		VOLT		60018 [DSKY1       34.500]		1.0390		-0.6555		0.3835		0.0667

		213		VOLT		60001 [DSKY2_4     138.00]		1.0280		-0.6537		0.3743		0.0667

		214		VOLT		6586 [MCCAMY4     138.00]		1.0260		-0.6512		0.3748		0.0667

		209		VOLT		6601 [RIOPEC14138.00]		1.0280		-0.6506		0.3774		0.0667

		231		VOLT		60000 [DSKY2       34.500]		1.0350		-0.6478		0.3872		0.0667

		216		VOLT		6677 [VALTNTP269.000]		1.0300		-0.6255		0.4045		0.0667

		211		VOLT		6579 [FTLCSTR2138.00]		1.0180		-0.6223		0.3957		0.0667

		178		VOLT		1025 [FS COGEN345.00]		1.0350		-0.6202		0.4148		1.2168

		215		VOLT		6684 [PRSIDIO269.000]		0.9495		-0.6164		0.3331		0.0667

		220		VOLT		1333 [MCDONALD RD 138.00]		1.0290		-0.6054		0.4236		0.0667

		210		VOLT		6655 [BARRILA4138.00]		1.0230		-0.5898		0.4332		1.2168

		249		VOLT		60201 [RIO DRCS    2.2000]		1.0330		-0.5703		0.4627		0.0667

		198		VOLT		1163 [LAMESA  138.00]		0.9652		-0.5459		0.4193		0.0667

		180		VOLT		1030 [MRGN CRK345.00]		1.0340		-0.5363		0.4977		1.2168

		208		VOLT		6536 [BIGLAK24138.00]		1.0010		-0.5355		0.4655		0.0667

		197		VOLT		1074 [WINK  SS138.00]		1.0070		-0.4899		0.5171		1.2168

		225		VOLT		6016 [SWMESA      34.500]		1.0330		-0.4827		0.5503		0.0667

		193		VOLT		1010 [PERMIANB138.00]		1.0290		-0.4754		0.5536		0.0667

		196		VOLT		1032 [MRGN CRK138.00]		1.0290		-0.4636		0.5654		0.0667

		233		VOLT		60005 [KM SEP      34.500]		1.0340		-0.4573		0.5767		0.0667

		181		VOLT		1050 [ENRONIPP345.00]		1.0340		-0.4430		0.5910		0.0667

		250		VOLT		60202 [FRNDDRCS    2.2000]		1.0380		-0.4415		0.5965		0.0667

		241		VOLT		60058 [BUFGGEN     34.500]		1.0370		-0.4376		0.5994		0.0667

		234		VOLT		60007 [KM SWP      34.500]		1.0300		-0.4075		0.6225		1.2626

		221		VOLT		1343 [TRENTIPP    138.00]		1.0150		-0.4047		0.6103		0.0667

		242		VOLT		60060 [CIRELLO     34.500]		1.0140		-0.4021		0.6119		0.0667

		238		VOLT		60019 [KM NWP      34.500]		1.0300		-0.4011		0.6289		0.0667

		245		VOLT		60070 [HORSH3      34.500]		1.0280		-0.3930		0.6350		0.0667

		207		VOLT		6515 [SONORA 4138.00]		0.9957		-0.3923		0.6034		0.0667

		243		VOLT		60066 [HORSH1      34.500]		1.0030		-0.3880		0.6150		1.1168

		219		VOLT		1068 [SCURRY COGEN138.00]		1.0110		-0.3813		0.6297		1.2168

		246		VOLT		60072 [HORSH4      34.500]		1.0170		-0.3759		0.6411		1.1168

		229		VOLT		36998 [RDCNYNG1    35.000]		0.9902		-0.3665		0.6237		1.2168

		204		VOLT		6335 [OAKCK1 4138.00]		1.0190		-0.3664		0.6526		1.2168
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