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3.1.4.3
Unit Reactive Capability Testing
3.1.4.3.1
Corrected Unit Reactive Limits (CURL)

The reactive capability curve for each unit on the ERCOT System shall be submitted to ERCOT containing the most limiting elements for the leading and lagging reactive output. The limiting factors such as under-excitation limiters, over-excitation limiters, ambient temperature limitations across the MW range of the unit at the unit terminals or any other factor that limits the reactive output of the unit and is verifiable through engineering calculations or testing may be produced on the corrected reactive capability curve. The corrected reactive capability curve establishes the CURL at the unit terminals that ERCOT Planning and ERCOT Operations will use for their studies. ERCOT Operations, after reviewing the updated curves and checking them for reasonableness, will forward copies to the Steady State Working Group, for use in modeling such capability in the ERCOT transmission planning cases. If ERCOT finds the submitted CURL unreasonable, ERCOT will follow the “ERCOT Implementation” section of this procedure. The reactive capability represented in the CURL will be used in operation and planning studies.  For all intents and purposes this new curve would take the place of the original manufacturer’s unit reactive capability curve.
3.1.4.3.2
Non-Coordinated Testing

The QSE representing the generating unit shall give ERCOT at least two hours advance notice prior to the start of the test.  ERCOT retains the right to cancel the reactive test if ERCOT believes, in its sole judgment, that conducting the test at the requested time could jeopardize the reliability of the ERCOT System.  For example, ERCOT can cancel a requested leading capability test during a time when system voltages are low or expected to be low due to factors such as high import power levels, transmission line outages, capacitor bank outages, or generating unit outages or exciter limitations.

Tests to verify maximum lagging reactive capability shall be conducted during times when ERCOT System Loads are high, such as summer season afternoons when ambient temperatures exceed 90F, but not necessarily at the time of system peak.  Units being tested shall be operating at or above 95% of net dependable real power (MW) output.

Tests to verify maximum leading reactive capability shall be conducted during times when ERCOT System Loads are low, such as off-peak hours during the spring season.  Units being tested shall be operating at a real power (MW) output representative of its usual loading during such light Load periods.

The PGC shall measure the tested reactive capability at the generator terminals minus the auxiliary reactive consumption.  Additionally, the tested reactive capability shall be measured at the high side of the generator step up transformer if metering is available. If metering is not available at the high side, the PGC shall calculate the reactive capability at the high side using the method specified in the appendix of the Biennial Unit Reactive Limits (Lead and Lag) Verification form located in section 6.2.3 of these Operating Guides. Both high side and generator terminal values are required on the form for proper submittal of the test results.
The QSE representing a generating unit shall be responsible for scheduling reactive verification Tests in accordance with the conditions outlined above.

ERCOT shall have the option to waive the requirement to test and verify the maximum leading reactive capability of any generating unit that seldom runs during such light Load periods.  The granting of such a waiver is at ERCOT’s sole discretion, and any such waiver shall be effective for two years.

The minimum duration for any reactive verification test, leading or lagging, is fifteen minutes.  The corrected curves (“CURL”) should be posted in the PGC’s control room, where the tests are conducted, at the QSE’s Real Time/generation dispatch desk, and copies should be provided to ERCOT Operations. During any test, the unit must maintain its generator cooling system at normal operating level.  Tests will be conducted to produce MVARs at a level not less than 90% of the amount indicated by the existing reactive capability  curve (original manufacturer’s unit reactive capability curve, or the most recent CURL).

The QSE representing a generating unit shall be responsible for the timely and accurate reporting of test results to ERCOT.  The QSE representing a generating unit shall be responsible for the timely submittal to ERCOT of an updated CURL reflecting any known changes in the reactive output of the unit.  All required data fields on the Biennial Unit Reactive Limits (Lead and Lag) Verification form must be  properly completed for a valid test to be considered valid.
3.1.4.3.3
Coordinated Testing

Coordinated Testing is the testing of a generator’s reactive capability to verify the generating unit’s most current CURL. The verification test will be a coordinated effort between the PGC, the PGC’s QSE, the TO which the PGC is connected and  ERCOT Operations . Coordinated Testing is at the option of the PGC or can be ordered by ERCOT if a retest is required for an established non-valid test performed using the NCTP. 

The PGC requesting to perform a coordinated test will provide ERCOT Operations Engineering Support and the TO with a minimum of 48 hours notice of the proposed test date. Requests shall be made weekdays between 8AM to 5 PM excluding recognized ERCOT holidays.  Upon receipt of a request for test, ERCOT Operations Engineering Support and the TO will evaluate the expected conditions and determine whether transmission system conditions conducive to a valid test can be created through coordinated network switching, modification of the generation reactive Dispatch of nearby generating units, or by some other means.  Having established that suitable transmission system conditions exist or can be created, ERCOT Operations Engineering Support and the TO shall provide the PGC and the QSE a concurrence of the test time and date or a rejection of the test time and date within 24 hours of the receipt of the request.
The coordinated test shall begin and end within the ERCOT Operations Engineer’s standard work day (nominally 8 AM to 5 PM).  Since leading tests will often occur in off-peak periods, the coordinated leading test shall begin and end at times agreed upon by ERCOT, the TO, QSE and PGC. The minimum duration for any reactive verification test, leading or lagging, is fifteen minutes.  The corrected curves (“CURL”) should be posted in the PGC’s control room, where the tests are conducted, at the QSE’s Real Time/generation Dispatch desk, and copies should be provided to ERCOT Operations. The testing period shall be scheduled such that adequate time is given for any transmission switching that may be performed to accommodate adequate system conditions for the appropriate reactive test. During the test, the QSE Operator shall be in communication with the TO in order to coordinate the reactive output of adjacent units, capacitor switching, reactor switching, and any other activity needed to perform the scheduled reactive test accurately.

LAGGING REACTIVE TESTS
Generating units shall be tested to verify lagging reactive capability at or above 95% of net dependable real power (MW) output as indicated on the CURL. It is during times when ERCOT System Loads are high and transmission system voltages are relatively low (such as summer season afternoons when ambient temperatures exceed 90F) that maximum lagging capability is most likely to be needed.  The transmission voltage at the switchyard to which the generating unit is connected should be at or below the ERCOT currently scheduled voltage prior to starting the test. All efforts should be made to maintain the ERCOT Voltage Profile during the test, but this may be varied at ERCOT’s discretion.
LEADING REACTIVE TESTS

Generating units shall be tested to verify leading reactive capability at a MW loading level representative of expected generating unit MW loading during minimum Load conditions as indicated on the CURL. It is during times when ERCOT System Loads are light and transmission system voltages are relatively high (such as off-peak hours during the spring season) that maximum leading capability is most likely to be needed.    The transmission voltage at the switchyard to which the generating unit is connected should be at or above the ERCOT currently scheduled voltage prior to starting the test. All efforts should be made to maintain the ERCOT Voltage Profile during the test, but this may be varied at ERCOT’s discretion. At ERCOT’s sole discretion, the requirement to test leading capability may be waived for peaking generating units which seldom, if ever, run during light Load conditions.
The PGC shall measure the tested reactive capability at the generator terminals. The reading recorded shall represent the net MVAR output of the generator and shall have the unit’s auxiliary reactive consumption deducted from the generator’s gross reactive output at the machine’s terminals.   Additionally, the tested reactive capability shall be measured at the high side of the generator step up transformer if metering is available. If metering is not available at the high side, the PGC shall calculate the reactive capability at the high side using the method specified in the appendix of the Biennial Unit Reactive Limits (Lead and Lag) Verification form located in section 6.2.3 of these Operating Guides. Both high side and generator terminal values are required on the form for proper submittal of the test results.
The QSE representing a generating unit shall be responsible for scheduling reactive tests in accordance with the conditions outlined above, and for the timely and accurate reporting of test results to ERCOT. All test documents shall be submitted by the PGC’s QSE. All required data fields on the Biennial Unit Reactive Limits (Lead and Lag) Verification form must be present for a valid test.
3.1.4.3.4
ERCOT Implementation
Reactive test results shall be reviewed by ERCOT staff to determine the accuracy and consistency of the test data provided, and to determine the appropriateness of unit loading and system conditions during the test.  In the event of significant discrepancies, ERCOT shall have the right to order a Re-test of the unit.

Reactive test results shall be reviewed by ERCOT staff to determine if test results fall within 90% of CURL expectation.  If test results are less than 90% of CURL expectation, ERCOT shall have the right to either order the PGC to produce a new CURL, or to order a Re-test of the unit.

Reactive test results shall be reviewed by ERCOT staff against the most recent CURL for the unit.  If unit reactive capability appears to be inappropriately limited by unit controls or relays, ERCOT staff shall contact the PGC and attempt to resolve the discrepancy.  ERCOT shall have the right to order the PGC to produce a new CURL that reflects current operating limits.

CURL data validated by test, and any new CURL produced by a PGC in response to new operating limits, shall be implemented by ERCOT staff in its Operational Model within two weeks of receipt and resolution of the data.  As soon as practicable thereafter, ERCOT staff will provide such data to the ERCOT Steady State Working Group for implementation in the planning model.

3.1.4.3.5
Enforcement of Unit Reactive Capability Testing. 
Details of the enforcement for reactive capability testing can be found in the Compliance Template located on the ERCOT Compliance Web Page.



6.2.3
Biennial Unit Reactive Limits (Lead and Lag) Verification

General Information

Unit Code (16 character): *  


Location (County) :*






Unit Name:  *




Date of test:  *






Generator’s QSE:  *



Resource Entity:  *





Test Details

Instructions:

Maximum lagging reactive tests should be performed with the unit at  or above 95% of dependable MW capability.  Leading reactive tests may be performed during light Load conditions of the ERCOT System or at a normal operating real output (MW) that leading reactive capability can be measured and tested within the limits established by the Corrected Unit Reactive Limit (CURL) curve.    This form is to be submitted by the QSE to ERCOT with a copy of the generator reactive capability design curve or the CURL curve as described in Section 3.1.4.3 of these Operating Guides, marking the measured maximum output capability This measured capability must be equal to or greater than 90% of the established CURL on the submitted generator reactive capability design curve or the CURL curve. Inability to reach the  value  described above must be noted with an explanation of the limiting factor, which prevented design capability or CURL capability performance.  The inability to reach the measurement criteria may be cause for ERCOT 1) to require the Resource Entity to retest the generator’s performance for a lagging test only or 2) to require the Resource Entity to produce a CURL curve that reflects current operating limits. The Resource Entity shall verify that the Automatic Voltage Regulator is in service.  The minimum acceptable test duration is 15 minutes.  During a Coordinated Test, as described in Section 3.1.4.3 of these Operating Guides, the normally specified switchyard voltage should be maintained by adjusting voltage control devices/units in so far as possible.  Show leading reactive value as a negative (-) number.

* This entry is required for all tests
*Defined Test:
 Coordinated Test
 Non-Coordinated Test
*CORRECTED UNIT REACTIVE LIMIT (CURL) CURVE: (1)
Maximum Lagging Reactive at Net Dependable MW Output                MVAR at              MW
Maximum Leading Reactive at Net MW Output                                     MVAR at              MW
*Test Performed:


*Location at which data observed (specify all that                    

                                                                                                                                                     apply):

 Maximum Leading Reactive

 Generator Terminals (preferred)

 Maximum Lagging Reactive

 High Voltage side of Generator Step Up (GSU) Transformer






 Other (specify location):  





TESTED REACTIVE CAPABILITY

*Generator Gross Reactive (MVAR): (+/-) _____ (2)

*Net Reactive to the Transmission System (MVAR): (+/-) _____ (3)  Observed     Calculated
*Auxiliary Reactive Load (MVAR): _____ 
*Net Generator Reactive (MVAR): _______(4)   Observed     Calculated
TEST CONDITIONS:

*Start Time: ________________
*Stop Time: ______________

*Generator Gross Generation (MW): _____(5)
*Net Dependable Unit Generation (MW): _____(6)
Auxiliary Load (MW): _____


*Generator Terminal Power Factor: _____

Transmission Bus Voltage (kV): _____
(7)        *Nominal Transmission Bus Voltage (kV): _____

*Generator Terminal Voltage (kV): _____
Auxiliary Bus Voltage (kV): _____ (8)
Ambient Air Temperature (°F): _____(8)
*Generator Hydrogen Pressure (psia/psig): _____

*Generator Step Up transformer tap setting: _____Ratio: HV _____kV/ LV ______kV (9)
*Abnormal Conditions at Time of Test:(10) 








*Factors that Limited Reactive Capability During Test:

 Maximum Generator Voltage with Auxiliary loads

 Steady State Stability Limit

 Maximum Generator Voltage without Auxiliary loads
 Maximum Gross MW capability

 Minimum Generator Voltage with Auxiliary loads

 Minimum Gross MW capability

 Minimum Generator Voltage without Auxiliary loads
 Minimum Excitation Limiter

 Main transformer capability plus Auxiliary loads

 Loss of Field Relay

 Other:  












Submittal

*Resource Entity Representative:  









*QSE Representative:  










*Date submitted to ERCOT Control Area Authority Rep.: 






Notes:
Maximum Leading and Maximum Lagging tests may be conducted at different times of the year.

NOTES
(1)
These quantities are taken directly from the Corrected Machine Capability Curve,
(2)
Metered reactive at the generator’s terminals,
(3)
Observed – metered reactive on the high side of the generator step up transformer to the transmission system
Calculated - (+/-) metered reactive at the generator’s terminals minus metered Auxiliary Reactive consumption minus generator step up transformer reactive losses minus Load host reactive consumption (Load host pertains to QFs), 
(4)
Observed - (+/-) as metered, Gross generator reactive minus metered Auxiliary Reactive consumption, 
Calculated - (+/-) metered net reactive to the transmission system minus generator step up transformer reactive losses minus Load host reactive consumption (Load host pertains to QFs) minus Auxiliary Reactive consumption

(5)
Metered at the generator terminals,
(6)
Most current tested value on record at ERCOT,
(7)
Required for Coordinated Test,
(8)
(if limiting),
(9)
Actual tap setting – not nominal tap setting,
(10)
Describe fully.
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