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Background


Testing of generator reactive capability is required as one element of a process to ensure the accuracy of ERCOT planning and operating analyses, specifically analyses intended to ensure the adequacy of reactive resources under contingency conditions to maintain voltage stability.  Such analyses, and the assumptions inherent in such analyses, are used to set transfer limits and to make transmission system investment decisions.  It is worth noting that voltage stability assessments depend upon a number of variables other than generator reactive capability, such as real and reactive loading levels of substation loads and network topology data.  Whereas accuracy of such variables is highly desirable and conducive to accurate voltage stability assessments, it should be recognized that complete accuracy of all variables under every conceivable operating condition is unrealistic.  The lack of complete accuracy is somewhat offset by the diversity of variables, application of voltage stability margins and, in some cases, under-voltage load shedding relays.

In short, the data used in voltage stability assessments, including generator reactive capability, have significant reliability and economic impacts.  Whereas complete accuracy of all variables is unachievable, data used in voltage stability assessments, including generator reactive capability, should be as accurate as reasonably practical.  This document describes the guidelines and procedures for generator reactive testing in ERCOT, aimed at achieving reasonably accurate estimations of generator reactive capability.


Generator reactive capability curves establish the theoretical capability of generating units to supply reactive power at various levels of generation real power (MW) output and under generator rated conditions.  Such theoretical generator reactive capability curves ignore limitations upon generator reactive capability due to factors such as excitation limiters and variations in system voltage conditions and generator cooling system conditions.  To perform valid voltage stability analyses, ERCOT planners and operators need a reasonable expectation of actual generator reactive capability, accounting for all known and verified limits.  Each Power Generating Company (PGC) is best qualified to correct theoretical generator reactive capability curves for the generating units it owns and operates to account for limitations upon reactive capability due to generator relays, controls, or other factors.


Therefore, PGCs are required to provide Corrected Unit Reactive Limits (CURL) notifications to ERCOT Operations for each of the PGC’s generating units whenever a unit’s reactive capabilities change due to such limitations.  As a point of clarification, combined cycle generating units consisting of multiple generators may be considered as a single generating unit if the PGC provides sufficient data, as determined solely by ERCOT, to distinguish generator reactive capability under the various modes of operation.  In such circumstances, the generator shall test reactive capability in single cycle and combined cycle (with all generators committed) operation.

Please refer to the section on CURL in this document for more information.  Once the CURL is established by the PGC, generator reactive tests are performed only to verify that the CURL is a reasonable representation of generator reactive capability, accounting for all known limitations.

Given that generator reactive testing is required to enhance reliability by verifying generator reactive capability limits, it stands to reason that the testing requirement itself should not cause a degradation of reliability by unreasonably pushing generator limits to the point of causing a generator trip, especially under peak load conditions.  In addition to reliability risks, generator tripping during testing, especially under peak load conditions when energy prices tend to be higher than at other times, negatively impacts a PGC financially.

In recognition of the foregoing considerations, ERCOT generator reactive testing requirements are intended to accomplish the reliability objective of verifying the reasonableness of a generating unit’s CURL without needlessly subjecting the generating unit to an unreasonable risk of tripping.  Whereas PGCs are required to provide leading reactive capability CURL as well as lagging reactive capability CURL, the lagging capability is the more predominant factor for ensuring reliability. 
Leading capability will be necessary during system conditions of high voltage such as spring day minimum transmission loading or in areas with an over abundance of generation and little off-setting real load. ERCOT currently handles these events on a case by case basis. These events are not as common as events requiring generators to produce reactive in the lagging direction.

PGCs can test generating units using a Non-Coordinated Testing Procedure (NCTP) or a Coordinated Testing Procedure (CTP).  Please refer to the applicable sections for more information about each procedure. 
Note for discussion:  Generator reactive curves provide reactive capability at generator terminal, so presumably the CURL provides reactive capability at generator terminal as well (corrected to account for known limitations).  Transmission planning and operating models require generator reactive capability at the generator terminal.  However, ERCOT requirement is based on reactive capability at the high side (transmission point of interconnection), which is what is actually germane to the transmission system (account for GSU Trf. Losses, tap settings, MVA rating, etc.).  Not clear from the document what is required and/or desired – high side, low side, or both.  Suggestion is to clarify this.
Corrected Unit Reactive Limits (CURL)

Machine Capability Curves (“D” Curves) shall be corrected whenever an operating characteristic affecting the machine occurs.  These curves shall depict the most limiting condition to the machine’s production of Mvars in both the Lagging and Leading directions.  A common example of the “most limiting condition” for Lagging operation is the pick-up point for the Over-Excitation Limiter Relay.  These corrected curves (“Corrected Unit Reactive Limits”) 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.  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 D curve.  In future biennial Reactive Capability Tests the objective function of the test is to produce Mvars at a point greater than or equal to 90% of that limiting point as validation of the machine’s capability for the next two years.


Each PGC is required to file initial CURL submittals to ERCOT Operations for all generating units that the PGC owns no later than October 1, 2004.  ERCOT Operations will forward a copy of initial and subsequent CURL submittals to ERCOT Planning and the Steady State Working Group.

Non-Coordinated Testing Procedure
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 80% 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 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.  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 reactive capability current curve (original manufacturer’s D-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.

Coordinated Testing Procedure

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 the ERCOT Operations Engineer. 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 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.  

Generating units shall be tested to verify lagging reactive capability at or near maximum 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. Generating units conducting lagging reactive tests shall be operating at or above 80% of net dependable real power capability (MW) output during the test (most current tested value will be used).  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. 

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.  Generating units conducting leading reactive tests shall be operating at a MW level representative of its usual loading during such light load periods.  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 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.

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.

�A clarification of why leading capability is not generally as critical to reliability. People other than  engineers will be reading this.
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