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Title

Fidelity Requirements for Transmission Element Modeling

Purpose

This paper identifies the standards for the Real Time operational model for use by ERCOT Operations under Texas Nodal Market.  The ERCOT Locational Marginal Pricing (LMP) market design will require a high level of accuracy of the modeling of all transmission elements in order for reasonably accurate pricing signals to be sent to the Market Participants.  By providing pricing signals by transmission bus to Generators and other Resources, Market Participants responses will effectively manage the flow on all transmission elements within ratings provided by the TDSP and limits assigned by ERCOT.

TDSPs will provide ERCOT with equipment ratings prior to the start of Texas Nodal and on an ongoing basis (after market open) as required/requested by ERCOT.  ERCOT may request TDSPs to provide information on the methodology, including details, for determination of the rating.  ERCOT may review the methodology and comment on the methodology.  ERCOT will post ratings and will post methodologies to the extent practicable.  ERCOT may refer to NERC Standard 600 for applicable definitions, etc. 

To the extent practicable, ERCOT shall strive to use consistent information in the various models used by ERCOT Operations, ERCOT Planning and the Congestion Rights, and other workgroups.  To the extent practicable, ERCOT will strive to utilize consistent names between the CRR model and the network model.
Time Frame

Transmission model updates may be provided to ERCOT to implement planned transmission construction one year prior to the required submittal date.  ERCOT will update the transmission models according to the schedules below.

Description 

ERCOT, through the mechanism of a “Service Request”, will control all transmission information entering the market and operations model.  ERCOT will establish an Office of the Interconnection to track each request from receipt from TDSPs to implementation and final testing of the change.  The provision of planning information will be provided to ERCOT ‘s Office of Interconnection under a separate process. Transmission Interconnection Service Requests containing model updates for planning studies will be returned to the provider. 

If a Service Request is not provided or incomplete, the equipment associated with that Service Request WILL NOT BE ALLOWED to be connected to the ERCOT grid. Incomplete or indeterminate Interconnection Service Requests will receive feedback from ERCOT and an opportunity to correct the request provided the corrections are received by the required submittal date.

ERCOT will perform periodic updates to the ERCOT Transmission Model. ERCOT will establish a detailed submittal schedule meeting the deadlines in the following table and TDSPs must timely submit transmission model changes per this schedule to be included in these updates.  The Energy Management Systems model is updated no more than four times a year, during the months of May, September, December and March.  For a facility addition, revision, or deletion to be included in any EMS model update, all technical modeling information must be submitted to ERCOT before the following deadlines.

Monthly updates except for summer 

Keep model stable from May 31 —September 30.  Summer updates would be due March 1; The summer model would be released May 1 and put in service on May 15.  For all other months, updates from TDSPs would be due to ERCOT by the first of the month prior (for equipment in service out 3 months or more) and ERCOT would release the updates the next month.  

	Information Submitted to ERCOT By:  1
	Model complete and available for test:  2
	ERCOT Updates EMS Model:  3
	Target Physical Equipment In-Service Date –this date (or later) 4

	Jan 1
	Feb 15
	March 15
	Month of April 

	Feb 1
	March 15
	April 15
	Month of May 

	March 1
	April 15
	May 15
	Months of June—September    

 SUMMER MODEL

	July 1
	August 15
	September 15
	Month of October 

	August 1
	September 15
	October 15
	Month of November  

	September 1
	October 15
	November 15
	Month of December 

	October 1
	November 15
	December 15
	Month of January  (the next year)

	November 1
	December 15
	January 15
	Month of February  (the next year)

	December 1
	January 15
	February 15
	Month of March  (the next year)


Notes: 

1. Transmission and resource data submissions complete for inclusion in next update period.

2. Model data changes and preliminary fidelity test complete.  Model available for market review and test.

3. Model moved to production environment.

4. Updates include changes starting at this data and ending at some later date.
ERCOT shall correct errors in models uncovered during testing to implement transmission system element changes provided the corrections were due to submission of inaccurate information.  ERCOT may update the model on an interim basis (outside of the dates in the calendar above) for the correction of impedances, ratings, and configuration changes in a re-connect situation such as after a storm.  Upon such an interim update, ERCOT shall submit changes to the PUCT Market Oversight Division and/or the Independent Market Monitor and ERCOT shall send out a Market Notification detailing the update. 

In order to allow for construction schedules, TDSPs may use normally open pseudo-breakers and switches to designate future facilities configurations such that the model topology may be correctly implemented as construction of new facilities is accomplished.  Such pseudo-breakers will be submitted to ERCOT as part of a formal Interconnection Service Request in accordance with the timeline proposed above. 

ERCOT shall install a test facility that accommodates execution of the state estimator/LMP calculator with a model data set before that model is loaded into the on-line system.  The test facility will require real-time ICCP and SCADA links to the test the state estimation function using actual real time conditions.  The test system should also be able to perform load flows and contingency analysis to test the new data set representation of a new transmission model.  ERCOT shall acquire model comparison software that will indicate all differences between the current and new model and shall make provisions to post this information to market participants during the “mirror” test run.  This comparison shall indicate differences in device parameters, missing/new devices, and status changes.

ERCOT will make available to TDSPs and all appropriate Market Participants, consistent with applicable policies regarding release of critical energy infrastructure information (CEII), the full transmission model used to manage the reliability of the transmission system as well as proposed models to be implemented at a future date.  ERCOT will provide model information through the use of the Electric Power Research Institute (EPRI) and NERC sponsored “Common Information Model” and web based XML communications.

Model Updates

There are five major areas where the actions or inactions of the transmission providers will have major effect on the prices paid for generation and ERCOT’s and the TDSP’s ability to maintain reliability when the transmission system is constrained.  These are:

· Definition of transmission elements and parameters

· Definition of Generation and other Resources and Transmission Loads

· Definition of special protection schemes and remedial action plans 

· Continuous telemetry of the status of breakers and switches

· Continuous telemetry of the real time measurements of load, voltages, tap position and flows

The following is a discussion of each of the above and the fidelity requirements expected.

Definition of Transmission Elements and Parameters
Each transmission element is defined in the ERCOT database with identical information in the TDSPs control center systems such that the operations of ERCOT are consistent with those of the TDSP.  Elements of the transmission system include lines, buses, breakers, manual switches, auto-tap changing transformers, generator step-up transformers, reactors and capacitor banks. 

Each element must have a unique name using a consistent convention between ERCOT and the TDSP to avoid confusion between TDSPs and ERCOT operations especially when critical communication is needed to support emergency actions.  Consistent communication is also needed by Market Participants, who may be developing a shadow LMP calculator and will want to identify transmission elements by name in ERCOT’s market information system. 

ERCOT will develop the naming convention with the assistance of TDSPs and approval of TAC. One option for this would be to use a prefix that uniquely identifies the TDSP, followed by the name of the equipment in use by the TDSP. Alternatively, a geographic regional prefix might be employed.  It is not the intention of this requirement to modify existing naming standards for existing equipment.  The intent is to develop a unique identification methodology to drive toward consistency between the ERCOT model and the TDSP models.  

Non-operational changes to the ERCOT model by any entity (such as name changes) will be accommodated at the discretion of ERCOT via a Service Request submitted prior to the required change request schedule. 

Transmission Lines

ERCOT and TDSP will model each transmission line that operates in excess of 60Kv.  Each TDSP will provide for all ERCOT transmission lines within its jurisdiction, the element name, line impedance, from and to bus information, line type (overhead or cable) and thermal overload limits, consistent with the ratings methodology prescribed in ERCOT Operating Guide 3.1.6. 

The TDSP may submit special transfer limits and stability limits for secure and reliable grid operations for ERCOT approval. ERCOT will calculate the LMPs and take remedial actions to ensure that actual flow is less than “normal” rating and any calculated flow due to a post contingency constraint is less than the applicable TDSP “emergency” or 15 minute rating.  

The models used for the nodal market will use rating categories for transmission elements as defined in the ERCOT planning criteria (currently in the Operating Guides).

Transmission Buses 

ERCOT and TDSP will model each transmission bus that operates in excess of 60Kv required to model major switching stations or transmission loads.  The TDSPs will provide for ERCOT transmission buses within its jurisdiction including low side buses for generator interconnections, the element name, substation name and a description of all lines that may be connected through breakers and or switches.  A separate name and element will be defined for any bus that can be physically separated by a manual switch or breaker within a substation to accommodate the Outage Scheduler.  Breakers and switches may only be connected to defined buses. 

Transmission Breakers and Switches

All transmission and distribution breakers and switches, the operation of which may cause a change in the flow greater than a TDSP provided limit on transmission lines or transmission load buses, must be modeled by ERCOT.  TDSPs must include all breakers and switches needed to define distribution load on each transmission bus of a substation to accurately anticipate the change in transmission load on a given line following the outage of another line and the subsequent rollover of significant load (suggestion: greater than 10-15 MW) to the line remaining in service. Any transmission field (right-of-way) switches must be connected to a named transmission bus and be included.

Transmission Transformers

ERCOT and TDSP will model all transformers with nominal low side (secondary, not tertiary) voltages above 60 kV.  Each TDSP will provide ERCOT with information to accurately describe the device in all Energy Management System software.  In real-time ERCOT will calculate LMPs and take remedial actions which ensure that actual flow is less than the TDSP specified “normal” rating and any calculated flow due to a contingency is less than the applicable TDSP specified  “emergency” rating. The TDSP’s transformer ratings shall be consistent with the ratings methodology prescribed in ERCOT Operating Guide 3.1.6.

ERCOT and TDSP will model all Generator step-up transformers greater than 10 MVA to provide for accurate representation of generator voltage control capability including the capability to accept a system operator entry of no-load tap position or if changeable under load accept telemetry of the current tap position. The Generator will provide parameters for each step-up transformer to the TDSP who will report the information to ERCOT.  TDSPs are required to coordinate with the plant operator to establish the proper transformer tap position (no-load taps) and report any requested change to ERCOT via the telemetered database. Generators and the TDSPs will schedule generator outages to implement changes when necessary.   TDSPs will provide ERCOT and Market Participants with 30 days notice (except for emergency) prior to its implementation date.  

ERCOT will make all transformer information available to all market participants. 

Reactors and Capacitors 

ERCOT and TDSP will model all TDSP-owned reactors and capacitors with a single connection to transmission busses rated at a nominal voltage over 60 Kv.  TDSPs will provide ERCOT with complete information on each device’s capabilities and normal switching schema on their use that meets ERCOT modeling capabilities.  ERCOT shall establish parameters for standard reactor/capacitor switching schemas that will be within the capabilities of the transmission models in the ERCOT Operating Guides.  ERCOT will model the devices in all Energy Management System software including the expected schema to be implemented in switching of the device on and off the system.  TDSPs will provide to ERCOT and ERCOT will provide to Market Participants copies of the switching schema via the ERCOT Market Information System.  Any change in TDSP guidelines or switching schema will be provided to ERCOT prior to implementation (except for emergency). Any change in guidelines or switching schema will be provided in accordance with the Interconnection Service Request procedure described above.  

Definition of Generation and other Resources and Transmission Loads

QSEs will provide ERCOT and TDSP with information describing each generator and other load Resources connected to the transmission system via the Service Request process.  All Resources greater than 10 Mw will be modeled including the Non-TDSP owned step-up transformers, greater than 10 MVA, to provide generation injections to the transmission network. ERCOT will coordinate the modeling of generators and other Resources with their owners to ensure consistency between TDSP models and ERCOT models.

TDSPs will provide information describing all actual Transmission load points on the transmission system.  To minimize model size, ERCOT will only model distribution load transformers by exception, e.g., when needed to reflect load rollover schemes. Each actual load point may be combined, at the discretion of ERCOT, with other load points on the same transmission line to facilitate state estimation of loads that do not telemeter load measurements.  However, actual load elements in multiple load aggregation zones cannot be combined, potentially requiring installation of new telemetry equipment. ERCOT may require TDSP’s to provide additional load telemetry to provide adequate modeling of the transmission system. TDSPs will also provide information describing automatic load transfer (rollover) schemes and the events that trigger which loads are switched to other transmission elements on detection of outage of a primary transmission element.

Loads on the same bus as a generator and served through a transformer owned by the generator shall be defined as an auxiliary load and must be netted first against any generation meeting the “netting” requirements.   

Definition of Special Protection Schemes and Remedial Action Plans

All Special Protection Schemes (SPS) and Remedial Action Plans (RAP) used by ERCOT and the TDSPs to maintain a secure system will be defined in the Energy Management System model. TDSP developed SPSs and RAPs must be submitted to ERCOT for approval using an Service Request.  The Service Request shall include a detailed description of the system conditions required to implement the SPSs and RAPs.  Deployments of SPSs and RAPs will be included or assumed in the calculation of LMPs as well as all Energy Management System systems.  All SPSs and RAPs will be available to market participants. 

ERCOT will model SPSs and RAPs where feasible to increase the utilization of the transmission system by incorporating special code in all Energy Management System and security analysis.

Continuous Telemetry of the Status of Breakers and Switches

TDSPs will provide telemetry of all breakers and switches status between the TDSP and ERCOT at a scan rate of  the ICCP periodicity (which must be at least every 10 seconds) on all devices used to switch any transmission element or load modeled by ERCOT. TDSPs need not install actual telemetry on individual breakers and switches, provided the telemetered status shown to ERCOT is current and free from ambiguous changes in state caused by maintenance personnel.  TDSPs shall update the status of any breaker or switch through manual entries if necessary to always show ERCOT the actual current state of the device, except if the change in state is expected to return to the prior state within 1 minute. ERCOT may request TDSPs install complete telemetry from the field device to the TDSP and then to ERCOT of any breaker or switch status where in the sole opinion of ERCOT, the manual updates of the TDSP have been unsuccessful in maintaining the accuracy required to support the State Estimator’s performance to a predefined standard.  

Unless there is an emergency condition, TDSPs shall obtain approval from ERCOT to purposely “open” any breaker or switch unless such breaker or switch is shown in a planned outage. Nor should TDSPs close, without ERCOT notification, any breaker or switch not in response to a forced outage.  

TDSPs shall install appropriate condition detection capability to notify ERCOT of potential bad data from loss of communication or scan function. Also, ERCOT shall also analyze received data for possible loss of updates and capture data condition in all displays of breaker and switches showing potential loss of communication or scan function.  On loss of telemetry of breakers and switches, ERCOT shall use the last known state of the device for Security Analysis as updated by the Outage Scheduler and through verbal communication with the TDSP. 

ERCOT shall establish a system that provides alarms to ERCOT operators on the change in state of any monitored transmission breaker or switch as well as information whether or not the device change of state was planned in the Outage Scheduler.  ERCOT operators shall monitor any changes in state not only for operations reliability but also for accuracy and effect on the operation of the Security Constrained Dispatch functions and subsequent calculation of inappropriate LMPs.

TDSPs are required to use fully redundant data communication links (ICCP and/or RTU) between their control center systems and those of ERCOT to provide status of breakers and switches such that any single element of the communication system can fail and full and complete information flow between control centers remains intact.

Continuous Telemetry of the Real Time Measurements of Bus Load, Voltages, Tap Position and Flows

TDSPs may request that ERCOT not monitor the flows or voltages of certain specified transmission elements less than 138 Kv, in any ERCOT systems including real time telemetry alarming, Network Security Analysis, DaRUC or SCED.  ERCOT need not take any action to relieve overloads or congestion on the specified transmission element unless requested for each incident by the TDSP that remedial action is required.  If the TDSP so requests, the TDSP may not be required to provide telemetry of real time measurements of the non-monitored elements.  Notwithstanding the TDSP’s desire to not monitor a transmission element, ERCOT may direct  TDSPs to provide any voltage and power flow measurement deemed necessary to support the State Estimator to perform to its predefined performance standard and the calculation of reasonably accurate LMPs.  TDSPs may appeal any such direction to TAC.  Any such State Estimator performance standard must be approved by TAC.

For transmission elements where the TDSP requests ERCOT monitor and control the flow and/or voltages of Transmission Equipment, TDSPs shall provide, using fully redundant communication links to ERCOT described above, continuously updated telemetry of all voltages, flows, and loads on any transmission element required to facilitate the State Estimation of all transmission Load withdrawals and Generation injections to and from the transmission network.  The telemetry shall be updated at a 14 second or less scan rate and be provided to ERCOT at the same rate. Appropriate condition codes shall accompany the data to indicate its quality indicating if the data has been measured within the scan rate requirement. 

TDSPs will provide telemetered measurements on transmission elements to assure SE observeability of any monitored voltage and power flow between their associated transmission breakers.  On monitored non-load transmission buses, TDSPs will install at the direction of ERCOT, sufficient telemetry such that there is n-1 redundancy of measurements. An n-1 redundancy exists if the transmission bus remains observable on the loss of any single measurement pair (Kw, Kvar).  ERCOT’s software vendor will provide a performance guarantee for State Estimator convergence verified by Field Acceptance testing that meets or exceeds applicable industry standards needed to support LMP calculations.

TDSPs and ERCOT staff will develop a continuously operated program to maintain telemetry of all transmission element measurements to provide accurate results of the State Estimator. At each transmission node where multiple measured transmission elements connect, the residual sum of all telemetered measurements shall be maintained to less than, (i) 5% of the largest line rating at the bus or (ii) 5 MWs, whichever is greater.  ERCOT will provide market notification for any measurements not meeting accuracy requirements and will identify steps intended to correct the failure.  ERCOT shall provide a list of all nodes and the residual errors to the market information system.  

ERCOT will procure a Study Mode State Estimation software package with special tools required for troubleshooting/tuning purposes. The ERCOT operators will assure the result of the state estimation is reasonable and accurate and provides legitimate constraints to the dispatch prices. 

ERCOT will implement processes and procedures to facilitate recognition of inaccurate state estimator results; and shall create and implement alternative real-time LMP calculation processes when such inaccurate results are detected.  

ERCOT will establish a system to provide overload and over/under limit alarming on all transmission elements monitored as constraints in the Locational Marginal Pricing models.

Issues for ROS:

ROS to evaluate emergency ratings between 2 hours and 15 minutes.  ROS to clarify Operating Guide Section 3.1.6—in particular, the intended use of the 15 minute rating--both for current operation and in the future to accommodate 5 minute dispatch for Texas Nodal.  When the 15-minute rating cannot be used, what should be used? Can a 30 minute rating be used as the emergency rating since NERC requires resolving overloads within 30 minutes?  If yes, please develop the criteria. 

Action:  Update with OG language as amended by ROS as above – related to transformers.

Action:  ROS/NDSWG to evaluate scan frequency for breaker and switch status changes and report recommendation back to MOCG.  Report status by exception only?—and report back to MOCG.

Outstanding Question for ROS to evaluate:  Status drop outs are a continuing issue for ERCOT.  If this issue can’t be improved with the current systems will a new communication medium be required between TDSPs and ERCOT?  What is the acceptable time delay for the communication failover?  Truly redundant systems (instantaneous) are expensive.  When ICCP drops out, it can take 20 seconds or more to get current data which can impact convergence of the SE.

ROS—please also evaluate the redundancy requirement for SE as follows—
TDSPs will provide telemetered measurements on transmission elements to assure SE observeability of any monitored the voltage and power flow between their associated any transmission breakers.  On monitored non-load transmission buses, TDSPs will install at the direction of ERCOT, sufficient telemetry such that there is n-1 redundancy of measurements. An n-1 redundancy exists if the transmission bus remains observable on the loss of any single measurement pair (Kw, Kvar).  ERCOT’s software vendor will provide a performance guarantee for State Estimator convergence verified by Field Acceptance testing that meets or exceeds applicable industry standards needed to support LMP calculations.
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