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Requirements Specification 

This Requirements Document is Subordinate To and Compliant with the Texas Nodal Protocols Effective February 2007. 

1. Introduction
The requirements for Texas Nodal market implementation are described in the Texas Nodal Protocols.  This document focuses on elaborating the requirements for State Estimator (SE) of the Energy Management System.

This Requirements Specification is a part of the complete set of specification documents for the Texas Nodal market implementation.  For implementation purposes the Texas Nodal market functions are categorized into multiple systems based on clear distinction in functionality.  The Energy Management System is one of these systems.

The EMS requirements are documented in the Texas Nodal EMS Requirements Specification document; supplemented by the following Requirements Specifications:

1. Texas Nodal EMS Data Model Requirements Specification

2. Texas Nodal EMS SCADA Requirements Specification

3. Texas Nodal EMS Dynamic Ratings Requirements Specification

4. Texas Nodal EMS Forced Outage Detection Requirements Specification

5. Texas Nodal EMS Generation Sub-system Requirements Specification

6. Texas Nodal EMS Load Forecasting Requirements Specification

7. Texas Nodal EMS Wind Power Forecasting Requirements Specification

8. Texas Nodal EMS State Estimator Requirements Specification

9. Texas Nodal EMS Network Security and Stability Analysis Requirements Specification

10. Texas Nodal EMS Voltage Support Requirements Specification

11. Texas Nodal EMS Outage Evaluation Requirements Specification

The definitions and acronyms from Section 2 of the Protocols are used in this document as applicable.  Any additional definitions and acronyms are defined in the Texas Nodal EMS Requirements Specification as needed.
1.1 Purpose
The primary purpose of this requirements specification document is to fully describe the external behavior of State Estimator.  It also describes nonfunctional requirements, design constraints, and other factors necessary to provide a complete and comprehensive description of the requirements necessary to design and develop the corresponding software systems.

1.2 Objectives

The objectives of this requirements specification are to:

· Specify mutually exclusive and collectively exhaustive set of requirements for State Estimator 
· Ensure that requirements are in compliance with the Nodal Protocols
· Ensure that requirements are traceable to Nodal Protocols, NERC, FERC, and any other applicable standards.

1.3 Scope

The scope of this document is to define requirements for the State Estimator subsystem to be in compliance with the Nodal Protocols published in May 2006, NERC, FERC and PUCT guidelines.  However, elaborating requirements that would change the intent of the protocols or proposing a design for the system is outside the scope of this document. To ensure compliance the designers and developers of the systems are required to read and understand the Nodal Protocols.  

Any scope changes to this requirements specification due to alternate design proposals must be driven by Nodal Protocol Revision Request (NPRR) and channeled through Nodal Change Control Board (CCB).  Any scope changes to this requirements specification due to further elaboration, while still being in compliance with Nodal Protocols, must be channeled through Nodal CCB.

1.4 Traceability

All State Estimator requirements are traceable to at least one of the following governing documents: Nodal Protocols, NERC standards, FERC guidelines, Telemetry Standards approved by TAC on July 6, 2006, State Estimator standards approved by TAC on July 6, 2006, ERCOT Operating Guides, and PUCT documents.  In addition requirements are traceable to the Process Map that describes the State Estimator.

These requirements are based on the May 2006 version of Nodal Protocols and NERC, FERC, and PUCT requirements approved as of May 2006.

2. State Estimator Functionality Overview
The primary purpose of State Estimator is to provide, in real-time, estimates of voltage  magnitudes and angles of all energized Topological Buses in the ERCOT network model, The estimator also computes all Electrical Bus loads and branch flows, whether they are operationally metered or not.  These state estimates are a starting point for the evaluation and enforcement of ERCOT System security and for the improvement in the economic operation.  Specifically, SE provides a starting point for the Network Security Analysis (NSA), Voltage Support Services, Security Constrained Economic Dispatch (SCED), and market applications like HRUC, DRUC, DAM, and Settlements.  
SE also helps identify anomalous measurements through a process called bad data detection.  In addition, SE results provide historical information that is needed for operations planning studies. 
The State Estimator will be executed on a periodic basis as part of the real-time network analysis sequence, on manual request, and on an event, which are user defined and can include opening of specific breakers, power flows or voltages exceeding specified limits. 
The State Estimator application will be used to initialize a power flow solution case which models the current state of the ERCOT transmission system.  This power flow case will be used by the Network Security Analysis programs in real-time to analyze the security status of the transmission system.

Three separate instances of SE will be supported:
· Real-Time, the version that runs under the real time sequence.

· Study mode version of State Estimator (protocol section 3.10.7.4(6)), with special tools designed for troubleshooting and tuning purposes, and that can be used independently of any other ERCOT processes that are dependant on the real time State Estimator.

· Test and simulation facility State Estimator (protocol section 3.10.4), to allow potential model data sets to get tested before the model changes are loaded into the real-time environment.
All instances shall support simultaneous access by multiple users, both for viewing results and for data entry. Data entry however shall be based on user privilege.
2.1 Proposed System Scope

State Estimator is an integral part and a starting point of the Network Security and Stability Analysis (NSSA) process described in Texas Nodal EMS Network Security and Stability Analysis Requirements Specification.  NSSA represents the real-time portion of the Network Security Analysis process (NSA) described in the Nodal Protocols. The diagram in Figure 2-1 shows how State Estimator fits in the context of NSSA.  Processes P-1, P-2 and P-3, and the associated inputs and outputs are the subject of this specification. 
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Figure 2- 1: State Estimator and network security analysis processes

Processes P-1 and P-2 are two instances with identical functionality, which are realized in separate computing environments.  
The main components of State Estimator are (a) Network Topology Builder, (b) Observability Analysis, (c) Bus Load Forecast, (d) State Estimation,  (e) Bad Data Detection, and (f) Load Parameter Adaptation.  

2.1.1 Network Topology Builder
The Network Topology Processor is used in both real-time and study modes.  Its main functions are as follows:
· Examines the new status of switching devices, and it groups all CIM connectivity nodes (including bus bars and conducting equipment terminals) connected through closed switching devices into Topological Buses. A distinction should be made between this notion of a topological electrical bus and a related but distinct notion of Electrical Buses.  The latter are used for posting LMP prices.  Consequently, one Topological Bus may contain more than one Electrical Bus.  In the context of load flow type applications, such as SE, it is common to refer to Topological Buses   

· Checks for changes in the connectivity of branches to Topological Buses and based on that it builds a Topological Bus level connectivity information table for internal use by the SE... 
· Determines and stores energized or de-energized status of the Electrical Buses  
· Store, and on user demand display, a mapping between Topological Buses and Electrical Buses. 
2.1.2 Observability Analysis

The observability function determines the portion of the system in which there are enough measurements to estimate voltage magnitudes and angles from these measurements.  For parts of the system with insufficient measurements, i.e. those determined to be unobservable, this function determines what pseudo-measurements to use to make the entire system observable and thus allow a complete solution by SE. 
When tap positions are selected as part of a desired solution by the user, the observability algorithm shall determine if there are enough measurements for tap estimation, and include the taps among the variables to be estimated when there are enough measurements.  
2.1.3 State Estimator
State Estimator uses the model of the electrical network as assembled by the Network Topology Builder (Fig. 2-1 P-1), an error model of measurements(Fig. 2-1 P-3), along with bus load forecasts, and measurements of line flows, voltages, voltage angles, generation and loads -- to provide a mathematically consistent estimate of the whole state of the ERCOT system.  In arriving at the solution, all the measurements, whether acquired from actual telemetry, or pseudo-measurements such as bus load forecasts, are treated simultaneously, with individual contributions to the solution weighted by the confidence in the measurement accuracy.  For example, measurements with high accuracy are weighted higher than pseudo-measurements whose accuracy is lower. 

Based on the estimate of the state and the network topology and parameters, all branch flows and bus injections can be computed.   In this way, it is possible to track overloads even on branches without direct measurements, as well as assess bus load injections at all buses whether there are direct measurements there or not.  The accuracy of load estimates will be related to the availability of accurate direct measurements, or other flow measurements around the loads: more direct measurements usually means better estimation accuracy. 
2.1.4 Bad Data Detection

Bad Data Detection identifies measurements of poor quality.   It performs this function in two stages during each cycle of the SE program execution.  The first stage is a pre-screening process occurring prior to running the state estimator solution algorithm.  The aim at this stage is to identify measurements that have changed beyond an expected band between two successive SE runs.  These checks occur in addition to reasonability limit checks performed in SCADA.  A suitable condition code is ascribed to each of the abnormal categories, which, together with the condition codes set in SCADA are used to indicate to the solution algorithm to either disregard the measurements, e.g. when the measurements are beyond reasonability limits, or to treat them with lower confidence, as is the case with stale measurements, i.e. analog measurements that have not been updated over a pre-specified number of consecutive update cycles..  
When there is a full complement of branch flow measurements around a bus, an SE pre-screening process shall also check for a balance of measurements around the bus, and flag all involved measurements upon detecting a significant imbalance (as further specified in subsequent sections).  
The second stage of Bad Data Detection occurs after each SE solution is obtained, and it uses the SE results and statistical properties of SE solutions to identify the likelihood that some bad measurements exist.  If bad measurements are suspected to exist, it then identifies the candidates by examining the discrepancy between each measurement and the corresponding estimate.  Each time a measurement is identified as being potentially bad, its contribution to the solution is  reduced  through an adjustment of the corresponding equation weights, or completely eliminated from the solution when the confidence in them decreases below a pre-specified level.  SE tracks the discarded measurements to see if their errors return to the expected range.  When that occurs, SE automatically reincorporates the anomalous measurements into the solution. 
2.1.5 Data Requirements

State Estimator requires data from the following main data categories:
· Network Operations Model (NMMS)
· Real-time measurements (SCADA)
· Load Models, including load schedules 
· Measurement accuracy
· Dynamic Ratings (SCADA)
The real-time measurements include analog SCADA measurements for the bus voltage magnitudes and angles, line and transformer MW and MVAR flows, MW and MVAR generation and loads, and transformer tap positions, as well as on/off status of switching devices, i.e. breakers, switches and disconnects.
The Load Models describe how MW system load is split into individual bus MW and MVAR loads, using load distribution factors and power factor lists.  These lists are adapted based on valid SE solutions according to the time of day, day of week, and season of the year.
The expected measurement errors are manually entered values.  This information is used internally by SE to compute the weights for the corresponding measurement error equations. 
The Dynamic Ratings are the ratings of transmission elements computed on the basis of ambient conditions.  They are provided by the Dynamic Rating system within the EMS.  
2.1.6  Save Cases

The program shall provide save case capability, which shall permit the saving of cases for subsequent studies.
2.2 Inputs and Outputs

2.2.1 State Estimator Inputs

Table 2-1 lists inputs to State Estimator from various subsystems.  
Table 2-1: SE Inputs

	Source
	Data

	EMS Data Models
	1) Network Operations Model, including:

a) Definitions of network elements

b) Network connectivity

c) Network Parameters 
2) Bus load forecasts with load schedules in MW/MVAR
3) Load and Weather Zones

4) Limits (MVA) for Transmission Lines and Transformers (Normal, Emergency and 15-minute)
5) Telemetry definitions
6) Telemetry accuracy class for measurements.

	Dynamic Ratings
	Dynamic Ratings (MVA) for transmission lines (Normal Emergency and 15-minute)

	SCADA
	1) Telemetry with condition codes 
a) Breaker/Switch statuses (on/off)

b) Bus Voltage (KV)

c) Transmission Line Flows (MW, MVAR)

d) Generation (MW, MVAR)

e) Loads (MW, MVAR)

f) Transformer Taps (position)

g) Quality codes for all telemetered values

h) Generation Resource High/Low Sustained Limit

i) Phasor Measurements (future)

j) Transformer Flows (MW, MVAR)

k) DC Ties (Mw, MVAR)

l) Statcom measurements (MVAR)

m) Shunt reactor and Capacitor flows (MVAR)

n) Breaker measurements (Mw, MVAR) 




2.2.2 State Estimator Outputs

Table 2-2 lists outputs from SE to various subsystems. 

Table 2-2: SE Outputs

	Destination
	Data

	MIS Secure area
	1) Electrical Bus Status (energized, or de-energized) 
2) Load Distribution Factors, including power factors
3) Incorrect Status Indicators

4) Status of all breakers and switches used in the Network Security Analysis, except breakers and switches connecting Resources to the ERCOT Transmission Grid. 

5) Transmission flows and voltages from the State Estimator;

6) Estimates of individual transmission Loads on Electrical Buses, sum of the Loads in each Load Zone, and total Load in the ERCOT System; the sum of ERCOT generation, and flow on the DC Ties;

7) Estimates of transformer flows, voltages and tap positions;

8) The 15-minute average of Loads on the Electrical Buses from State Estimator results.
9) Performance monitoring results

	Network Security Analysis
	1) Basecase solution with all breaker/switch statuses, transmission line flows (MW, MVAR), generation (MW, MVAR), loads (MW, MVAR), bus voltages (KV), transformer tap positions.
2) Mapping between Topological Busses and Electrical Busses.

	Voltage Support Services
	Basecase solution with all breaker/switch statuses, transmission line flows (MW, MVAR), generation (MW, MVAR), loads (MW, MVAR), bus voltages (KV), transformer tap positions. 

	Savecase Archive
	Base case SE solutions with the time stamp from each real-time cycle solution.

	SCED
	Estimated bus loads, and current hour load distribution to evaluate the current loading on transmission constraints.

	HRUC
	load distribution factors for the remaining hours of the current day plus the 24 hours of the next day.

	DRUC
	Hourly load distribution factors for the 24 hours of the next day.

	DAM
	Hourly load distributions for 24 hours based upon average load distributions for the last 7 days. 

	Settlements
	Estimated loads at SE solution cycle. 


	Topology Consistency Analyzer
	SE Solution data

	Electronic Data Warehouse (EDW)
	Selected results as defined in the requirements or required for MIS postings.


2.3 Assumptions and Dependencies

Note:  ERCOT protocols currently demand that ERCOT models two units where split metering is present.  ERCOT staff believes that modeling two units in the State Estimator will lead to erroneous results.  ERCOT is in the process of requesting a protocol change with the participants. 
3. Functional Requirements

These functional requirements are primarily driven by the following protocol sections:

· 3.10
Network Operations Modeling and Telemetry

· 6.5
Real-Time Energy Operations

· 8.2
ERCOT Performance and Compliance
3.1 Base SE requirements

This section details base requirements of State Estimator.  Additional functionality required to meet ERCOT’s needs, as described in later sections, will be added to the base State Estimator.

	Requirement ID
	SE-FR0

	Requirement Name
	SE – Base SE Requirements

	Protocol Reference
	Section(s) IRO 002-0, PUCT CH  

25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	

	Sub-Process Element Coverage
	Full

	Description:
A. The SE application shall provide the following base SE functionality:
i. Preprocess input data to check for consistency

ii. Perform network topology analysis; determine Topological Buses; determine a link between Topological Buses and Electrical Buses. 
iii. Estimate bus voltages, phase angles, transformer tap settings, branch flows, and bus injections based on monitored data for the observable and unobservable portions of the network

iv. Allocate estimated bus injections to individual generation and load components attached to the bus

v. Determine and use in the solution the buses with zero power flow injections without requiring the user to identify such buses in any way.

vi. Identify bad data in the telemetry set. 

vii. Estimate analog measurement error biases and error standard deviations
viii. Maintain generator real and reactive power on unobservable buses within limits specified by the applicable generator reactive capability curve.
ix. Maintain voltages on regulated unobservable buses within a specified voltage band

x. Issue alarms if flow and/or voltage violations occur. Alarm and event processing for state estimated data shall be the same as for real-time data, in addition to any alarming capability specific to the State Estimator application; however, alarms for state estimated data shall be filtered. That is, the same alarm condition occurring on sequential executions of the state estimator shall only be alarmed on the first occurrence. Alarms related to state estimated data shall be distinguished on alarm summaries with a different attribute. It shall be possible to inhibit alarming for state estimated data, both globally and on a per-point basis, and it shall be possible to filter out state estimator alarms on a console’s alarm display.

xi. A single summary alarm is issued to indicate that violations have been detected by the State Estimator. This alarm should be issued only when new equipment violations have been detected.
xii. Monitor consistency between telemetered and estimated values, and alarm when the  difference exceeds a pre-specified threshold
xiii. The capability shall be provided to specify lists of items required for monitoring of measurement-estimated value consistency as defined in ERCOT’s telemetry and State Estimator performance standards.   

xiv. The state estimator shall provide a complete estimate for all the observable and unobservable islands of the network. There shall be no mismatch at the boundaries of these islands
B. The state estimator shall be capable of handling the following types of measurements:

i. Line, transformer, and DC line flows (real and reactive power), at either or both terminals

ii. Loads (MW, MVAR)

iii. Generation (MW, MVAR)

iv. Bus Voltages (magnitudes), including multiple voltage measurements at a bus

v. Tap positions of transformers and phase shifters
vi. Switching device statuses 
vii. Transformer Flows (MW, MVAR)

viii. Statcom measurements (MVAR)
ix. Shunt reactor and Capacitor flows (MVAR)

x. Breaker measurements (MW, MVAR)
xi. Phase Angle measurements (Radian or Degrees) from PMUs
C. Both paired and unpaired real and reactive power measurements shall be used by the SE. In addition, when one of the measurements of a pair becomes unavailable, then the other one shall be used as an individual measurement. Also, reporting of unavailable measurements shall be done on an individual basis.

D. Measurement data condition codes (e.g. telemetry failure) shall be checked for each measurement and “bad” data shall not be used in the state estimator solution.  


3.2 SE Modeling

This section addresses data modeling requirements from the perspective of State Estimator functionality.

	Requirement ID
	SE-FR1

	Requirement Name
	SE Model

	Protocol Reference
	Section(s) 3.4, 3.10.7.1 , IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-1 and I-7

	Sub-Process Element Coverage
	Partial

	Description:  The following are Network Operations Model  requirements for the State Estimator:

A. Network Operations Model:  State Estimator shall use an updated model, when it is made available by the Network Model Management System (NMMS), to ensure that the ERCOT NMMS operational model and ERCOT’s Network Operations Model are consistent.

B. Electrical Bus:  In each run, State Estimator automatically finds electrical buses for which it needs to compute the voltage magnitudes and angles, which are known as the model states. Subsequent applications use the same electrical buses to compute Locational marginal prices (LMPs).   For settlement purposes, and for communication with market participants, these LMPs need to be expressed in terms of the prices on specific physical substation nodes.  State Estimator must maintain, and make available to other subsystems that need it, the dynamic link between the internal electrical buses used in the SE solution and Electrical Buses. 
C. Transmission Elements:  For all the transmission elements the associated operating entity name shall be available in the State Estimator for reference, for example: to report a telemetry issue that is contributing to State Estimator inaccuracies to the corresponding TSP.

D. Resources:  For all the resources the associated QSE name shall be available in the State Estimator for reference, for example: to report a telemetry issue that is contributing to State Estimator inaccuracies to the corresponding QSE.

E. Generation Resource Step-up Transformers:  Operator shall be able to distinguish on tabular displays the Generation Resource step-up transformers among all of the transformers,  to help the user set the no-load tap position while verifying the model. 
F. Telemetry:  For each telemetered quantity, in addition to the operating entity, the name of the entity providing the telemetry shall be available in the State Estimator as well.  These names shall be the same references used in the ICCP or SCADA modeling.  The entities providing telemetry may be different than the operating TSP or QSE. 
G. Load Zone:  The load zones and the associated electrical buses shall be available in the State Estimator. Some of the SE results, as further specified in subsequent requirements, are reported on the Load Zone basis.
H. Weather Zone:

i. The weather zones in the State Estimator shall be the same as the weather zones used in load forecasting application

ii. The weather zone and the associated loads, resources, and weather zone tie lines shall be available in the State Estimator to calculate total generation and load by weather zone.

I. Load Areas and Schedules: 
i. All the loads shall be classified into load area groups with schedules based on seasons and day types.

ii. The highest level load area shall be mapped to ERCOT load, and the second level of load areas shall be mapped to the weather zones. The highest level load shall not include non-ERCOT loads representing the DC-Ties and Private Use Network loads.

iii. The load, calculated from the telemetered generation, and weather zone tie line flows, for each weather zone shall be used as input telemetry for the corresponding load area.


	Requirement ID
	SE-FR2

	Requirement Name
	SE – DC-Tie Model

	Protocol Reference
	Section(s) 3.4.1(1); 3.4.4; 3.10.7.2 (3),  3.10.7.2 (6) , PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-7

	Sub-Process Element Coverage
	Partial

	Description:
A. ERCOT shall create a DC Tie Resource to represent an equivalent generation injection to represent the flow into the ERCOT Transmission Grid via DC Ties. The actual injection flow on the DC Tie from telemetry provided by the facility owner(s) is the DC Tie Resource output

B. ERCOT shall create a DC Tie Load to represent an equivalent Load withdrawal. The intent of this model is to represent the flow from the ERCOT Transmission Grid as a result of the operation of DC Ties. 

C. The DC Tie Resource and Load shall be distinguished from the Physical Resources and Loads on the User Interfaces for clarity


	Requirement ID
	SE-FR3

	Requirement Name
	Processing data from PMU

	Protocol Reference
	IRO 002-0

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-2

	Sub-Process Element Coverage
	Partial

	Description: The State Estimator shall be capable of using synchronized data from Phasor Measurement Units (PMU), i.e. processing the PMU data with the objective of improving observability, accuracy, and efficiency of bad data detection.


	Requirement ID
	SE-FR4

	Requirement Name
	Modeling of variable frequency transformers

	Protocol Reference
	NMMS Requirement IRO 002-0

	Coverage of Protocol
	Partial 

	Traceability to Sub-Process
	COPS.P04.I-1

	Sub-Process Element Coverage
	Partial

	Description: The power system shall include model representation of variable frequency transformers (VFT) for power exchange between two networks. For power flow analysis and state estimation VFT can be represented as a phase angle regulator with phase angle limits.


	Requirement ID
	SE-FR5

	Requirement Name
	Modeling of  switched shunts and FACTs devices

	Protocol Reference
	Section(s)  3.10.7.1.5; 3.15 (1) , IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-1

	Sub-Process Element Coverage
	Partial

	Description: The power system shall include model representation of switched shunts and Flexible Alternating Current Transmission Systems (FACTS) devices, such as Static Synchronous Compensators,  Statcoms, Unified Power Flow Controllers, Thyristor Controlled Series Compensators.


	Requirement ID
	SE-FR6 

	Requirement Name
	Reactive capability curve override 

	Protocol Reference
	Section(s) 6.5.7.1.4

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-1

	Sub-Process Element Coverage
	Partial

	Description: The purpose of this function is to facilitate a correction of the generation reactive capability curve when the state estimated output of a generating resource exceeds its reactive capability curve.  The system shall alarm whenever the estimated MVAR exceed the value of the reactive capability curve.  ERCOT will define a business process that is to be initiated in such a situation for the purpose of  verifying with the relevant QSE that the estimated MVAR and the reactive capability curve are accurate.    In the case that the reactive capability curve in use by ERCOT is found to be inaccurate, QSE will be responsible for making necessary changes. 



	Requirement ID
	SE-FR7

	Requirement Name
	Data Model for Performance Monitoring

	Protocol Reference
	Section(s) 3.10.9 PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	Description:  The following performance monitoring groups shall be available in the State Estimator for it to monitor estimation performance:
1) “Congested Transmission Elements for SE”, which includes transmission elements that contributed to a user determined percent of the congestion costs in the last year.  The list of the transmission elements will be provided as input.
2) “Voltage Critical Buses for SE”, which shall track user determined and pre-defined voltage critical buses.
3) “Major Transmission Elements for SE”, which includes transmission elements that are above a user specified KV level.  This list shall be compiled automatically by the program based on the user provided threshold kV level. 
These lists will be used by SE in evaluating performance as defined in other sections.

A method of entering these lists, and a method of reading these lists, (probably from CSV files) shall be provided.
ERCOT will develop business processes to identify and model all the above monitor groups, under the guidance of the State Estimator Performance standards, which may be revised yearly.


	Requirement ID
	SE-FR8

	Requirement Name
	Telemetry condition codes

	Protocol Reference
	Section(s) 3.10.7.4 (3); 3.10.7.4.1(4); 3.10.7.4.2 (5) , PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-2

	Sub-Process Element Coverage
	Partial

	Description:  The State Estimator shall receive the quality codes from SCADA to indicate telemetered data quality, e.g. whether the data has been measured within the scan rate requirement, a possible loss of updates, and loss of telemetry link.  These quality codes may be identified either in the TSP or QSE system or identified in the ERCOT system as defined by the protocols.  State Estimator shall support the quality codes for all the above scenarios, and shall display them along with other SE data to the operator.

Measurements with bad condition codes shall be considered in State Estimator at a lower confidence level. The confidence shall continue to decrease over time at a configurable rate.




	Requirement ID
	SE-FR9

	Requirement Name
	Private Use Networks

	Protocol Reference
	Section(s) 3.10.7.2 (8) PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-2

	Sub-Process Element Coverage
	Partial

	Description:  An indicator identifying private use network load locations will be provided indicating the load and generation at this location which is NOT part of ERCOT Load Forecasted system load and generation.  At these locations, the State Estimator will estimate total physical load and generation injections, and it will further estimate the component of this load or generation which is a contributor to system demand (Net load or generation).  

When initializing bus loads, SE will use system demand to initialize only those loads which are NOT private use networks.  Private use network loads will be calculated separately.
ERCOT will communicate to the Vendor more details on modeling requirements to accommodate this functionality.



	Requirement ID
	SE-FR10

	Requirement Name
	Split Generation Model

	Protocol Reference
	Section(s) 3.10.7.2.2;3.10.7.4.1 (6); 3.10.7.4.2 (2); 3.8, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-2 and I-6

	Sub-Process Element Coverage
	Partial

	Description:  Split generators shall be available for viewing as two or more independent Generation Resources in the State Estimator solution displays.  It shall be possible to identify them as split generators of the corresponding physical generating resource on one line diagrams and tabular outputs.  It shall be possible to receive the total generation facility output as a telemetry input, in addition to receiving all individual split generation resource output telemetry and use this information correctly in the State Estimator solution. 
 


3.3 Execution Triggers
	Requirement ID
	SE-FR11

	Requirement Name
	Real Time Sequence Trigger

	Protocol Reference
	Section(s) 6.3.2; 6.5.7.1

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-6 and P-1

	Sub-Process Element Coverage
	Partial

	Description: There will be three trigger modes available for the real-time sequence/State Estimator:

· Periodic trigger from the Real-time sequence

· Manual Trigger

· Event driven trigger
1) Real-time sequence shall be restarted on detecting a change of status of the pre-defined resources or transmission elements 
2) The restarting of the sequence shall wait for a configurable amount of time, generally a few seconds, from the first status change detection in order to capture cascading events or triggering of protective schemes.

3) User shall be able to define triggers by specifying the individual transmission elements or resources

4) User shall be able to define triggering conditions based upon entering in one or more of the following conditions:
a) Any transmission elements above a specified KV level
b) Any transmission elements above a specified percent of loading
c) Any resources above a specified MW output.



3.4 Topology Processing, Observability Analysis, and State Estimation

	Requirement ID
	SE-FR12

	Requirement Name
	Topology Consistency Analyzer

	Protocol Reference
	Section(s) 6.5.7.1.5, 
IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P04.P-4

	Sub-Process Element Coverage
	Partial

	Description:  The Topology Consistency Analyzer identifies possibly erroneous breaker and switch status. 

1) The Topology Consistency Analyzer shall identify inconsistencies  between the topology information and analog measurements, and it shall indicate the correct breaker and switch status(es) when the redundant information from telemetry allows such an inference.  For example, such processing would detect and flag the nonzero flows on lines shown as disconnected, and would indicate to ERCOT that there was an error either with the flow measurement or with the associated status points. 
2) Provide navigation means from SE to SCADA displays to allow the user to make necessary data changes. For example, EMS Operator and EMS Analyst shall have a capability to override SCADA telemetry as required to correct erroneous breaker and switch status (e.g. by disabling status telemetry directly from the displayed list of inconsistencies; 
3) The Topology Consistency Analyzer shall maintain a summary of all incorrect status indicators. 



	Requirement ID
	SE-FR13

	Requirement Name
	Switch and Breaker statuses

	Protocol Reference
	Section(s) 3.10.7.4.1 (4) ; 3.10.7.4.1 (5) IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-4

	Sub-Process Element Coverage
	Partial

	Description:

1) System shall be able to identify and display probable errors in switch or breaker statuses.  ERCOT will develop a business process to resolve or correct such errors via an interaction with the relevant operating entities in a timely manner based on this data.
2) When the telemetry of breakers and switches is lost, the system shall continue to use the last known state of the device until telemetry becomes available again, or manual changes are made by ERCOT operator.  ERCOT will develop a business process to review status points that have not been updated in a configurable amount of time, and status points that have been manually entered by ERCOT Operators but not updated for more than a configurable amount of time.



	Requirement ID
	SE-FR14

	Requirement Name
	Electrical Bus Status

	Protocol Reference
	Section(s) 3.5.1 (3) ; 3.10.7.1.2 (1)
IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-1

	Sub-Process Element Coverage
	Partial

	Description: State Estimator shall detect the Electrical Bus in-service/out-of-service status, and report on the changes of the status.


	Requirement ID
	SE-FR15

	Requirement Name
	Critical Measurements Identification

	Protocol Reference
	Section(s) 3.10.7.4.1 (1); 3.10.7.4.2 (3) IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	Description:  SE shall provide functionality to identify and display all critical measurements  An option shall be provided to execute this function either as part of the real time sequence, or upon user request.  A list of critical measurements shall be stored and displayed to the user upon request. For each critical measurement, SE shall list the buses that become unobservable upon a loss of the critical measurements. ERCOT will develop a business process to determine if additional telemetry is to be requested from the Market Participants within the guidelines of the protocols.  



	Requirement ID
	SE-FR16

	Requirement Name
	Bus mismatches to create base case

	Protocol Reference
	Section(s) 6.5.7.1.10 (1), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-8

	Sub-Process Element Coverage
	Partial

	Description:  State Estimator shall make MW and MVAR bus mismatches available as input to the Network Security Analysis processor to ensure that its base case power flow (before contingency analysis) will produce the same solution as the SE solution.
Note: The Network Security Analysis requirements document describes how this input is handled.




	Requirement ID
	SE-FR17

	Requirement Name
	Split Generation Monitoring

	Protocol Reference
	Section(s) 3.10.7.4.1 (6); 3.10.7.4.2 (2), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-1

	Sub-Process Element Coverage
	Partial

	Description:  State Estimator shall calculate the sum of each QSE’s telemetry on an individual Split Generation Resource and compare the sum to the telemetry for the total generation facility.  State Estimator shall calculate the residuals of the generation output estimated value by comparing to the sum of individual split generation telemetry, as well as telemetry of the total generation facility.  State Estimator shall make this data available for notification. 
Note:  ERCOT protocols currently demand that ERCOT model two units where split metering is present.  ERCOT staff believes that modeling two units in the State Estimator is a mistake, and will lead to erroneous results.  ERCOT is in the process of requesting a protocol change with our participants.


3.5 Bus Load Forecast

	Requirement ID
	SE-FR18

	Requirement Name
	Load measurements

	Protocol Reference
	Section(s)  6.5.7.1.3, 3.10.7.2(4), IRO 002-0, PUCT CH 25.361 (16)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P04.I-4

	Sub-Process Element Coverage
	Full

	Description:

1) State Estimator shall distribute the current system load, based on adapted load schedules, to each load modeled in the system prior to estimating the system state, this is referred to as Bus Load Forecast.

2) State Estimator shall use the forecasted load as pseudo load measurements, coupled with the remaining telemetry of bus loads, line flows and voltages, to determine the best estimate of the load on each Electrical Bus.

3) The forecasted Load shall be denoted with a low State Estimator measurement confidence factor.

4) This confidence factor must be a parameter that can be modified in the tuning process, and the system shall ensure that this factor is of lower confidence than telemetered load measurements.

5) In updating the load schedules as part of load adaptation the following scenarios shall be considered:

a) A load that is disconnected shall not be adapted

b) All loads involved in load rollover shall not be adapted

c) A load whose measurement is anomalous shall not be adapted

d) A load whose estimate is beyond a statistically based band around the metered value, e.g. beyond three standard deviations of the measurement error, shall not be adapted

6) System shall display the following data for each load:

a) Bus load forecast

b) Bus loads based on load schedules in the network model that come from the Network Model Management System.

c) Telemetered value, if applicable

d) Measurement type: Telemetry or pseudo

e) Measurement value used in estimation: Telemetered value or bus load forecast

f) Confidence factor used in the estimation

g) Estimated value

h) Updated bus load forecast, after load adaptation


	Requirement ID
	SE-FR19

	Requirement Name
	Monitoring of bus load forecasts

	Protocol Reference
	Section(s) 8.2(2) c (iii) ,PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.I-4 and I-8

	Sub-Process Element Coverage
	Partial

	Description: 

1) The discrepancies between forecasted and estimated bus loads shall be calculated during every SE execution and accumulated over an hour.

2) A display shall be provided to present these hourly discrepancies and sort the list by the magnitude of the discrepancies, load zones and weather zones. Load zones and weather zones shall match the LTLF (Long Term Load Forecast)  and MTLF (Mid Term Load Forecast)  load and weather zones definitions. 




	Requirement ID
	SE-FR20

	Requirement Name
	15-min average load

	Protocol Reference
	Section(s)  6.5.7.1.13 (4)(c);  6.5.7.1.13 (4)(h), PUCT CH 25.361 (16)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P04. I-8

	Sub-Process Element Coverage
	Partial

	Description: State Estimator shall calculate the following 15-minute average of Loads for other applications and for posting to the MIS:

1) Individual Loads
2) Load Zone Loads
3) Total ERCOT System Load
4) Electrical Bus Loads.


	Requirement ID
	SE-FR34

	Requirement Name
	Tap Estimation

	Protocol Reference
	NERC IRO-002

	Coverage of Protocol
	partial

	Traceability to Sub-Process
	COPS.P04. P-1

	Sub-Process Element Coverage
	Partial

	Description: SE shall have capability of estimating voltage, bus angle and Taps simultaneously. Tap estimation shall be possible for all measurement observable transformers irrespective of their taps are telemetered or not. User shall have capability of enabling or disabling Tap estimation globally. In addition, user shall have capability to disable and enable tap estimation for individual transformers. Tap Estimation shall consider Minimum and Maximum Tap position numbers and step size and estimate a suitable tap position targeting at minimizing residuals on MW, MVAR and Voltage measurements on the related network components.



3.6 Study and Test Mode Versions of State Estimator

This section addresses requirements for the study mode version of the State Estimator. This system is intended for debugging of the production system state-estimator and is NOT the same instance of the system described in protocol section 3. 10.4 paragraph 3.
	Requirement ID
	SE-FR21

	Requirement Name
	SE – Study and Test Mode SE Execution

	Protocol Reference
	Section(s) 3.10.7.4.2 (6) ,PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04. P-2

	Sub-Process Element Coverage
	Partial

	Description: To support verification of new operating models and facilitate debugging of SE issues, in addition to the Real-Time SE, a Study Mode instance of SE shall be available in the production EMS environment, and one instances of SE in Test Environment. The following are the requirements for the Study Mode and Test Mode SE.
Study Mode:
1) Study Mode SE shall be hosted in the production EMS environment.
2) In general, Study Mode SE shall be able to use the same Network Operations Model as that of the real-time State Estimator, but the functionality of SE shall not require that the study SE and real-time SE use the same models.     

3) Study Mode SE shall be executed independent of the real-time State Estimator, but it shall be possible to configure it for automatic execution at the same time as that of the real-time State Estimator 
4) User shall be able to distinguish between the Study Mode SE and real-time SE user interface
Test Mode
5) Test Mode SE shall be hosted in Test Environment.

Both:

6) In both, Study Mode and Test Mode, user shall be able to make the following Network Operations Model changes, and track and revert all such changes, to support troubleshooting:

a) Transmission element parameters: Line R, and X values, transformer nominal tap values

b) Change in/out of service status of transmission elements

      c)    Override telemetered analog, and status values, without affecting real-time telemetry

c) Stop real-time data updates if desired
7) In Study Mode and Test Mode, in addition to, or instead of, using real-time measurements, the user shall be able to request that missing measurements for SE to be extracted from a previously saved SE case, or from a Power Flow case.  When power flow quantities are used as measurements, the capability shall be provided to add random errors to each measurement according to the measurements’ noise model.
8) When executing in Study Mode or Test Mode, it should be possible, by a single switch, to request  SE solutions in a partial or full mode. When executed in the partial mode, SE will only utilize actual measurements, and hence provide a solution in the observable part of the network only.  In this mode, no full load flow case may be generated. In the full mode, which is consistent with the way real-time SE executes, SE shall provide a solution to the observable and unobservable parts of the network.




3.7 SE Solution Performance Monitoring
 
	Requirement ID
	SE-FR22

	Requirement Name
	Execution of SE Performance Monitoring

	Protocol Reference
	Section(s) 3.10.9, PUCT CH 25.361 (16)

	Coverage of Protocol
	Full

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	 

Description:  Performance data of the State Estimator shall be collected after each SE run, by the SE application, including times when SE fails to produce a valid solution.  The performance monitoring data shall be provided to the operator, archived in the EDW, and posted to the MIS Secure Area.  

 

 


 
	Requirement ID
	SE-FR23

	Requirement Name
	SE Performance – Convergence

	Protocol Reference
	Section(s) 3.10.9,
PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	 

Description:  State Estimator convergence status shall be:

1) Monitored in each execution, and displayed for operator for a configurable number of days, initially 3 days

2) Archived for each execution for a period of 2 years

3) Rolled up to daily, weekly, monthly convergence status as a percentage, and:
a) Displayed for operator use– daily for a month, weekly for a month, and monthly for two years
b) Posted in the MIS Secure Area – monthly for two years




 
	Requirement ID
	SE-FR24

	Requirement Name
	SE Performance - Residuals SE vs. Real-Time CA Base case

	Protocol Reference
	Section(s) 3.10.9, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	 

Description:  For the performance monitor group called “Congested Transmission Elements for SE”, as defined in functional requirement SE-FR7, the MW flow residual differences between SE and CA base case power flow results shall be:

1) Monitored in each execution, and displayed for operator for a configurable period of time (initially 3 days)
2) Archived for each execution for a configurable period of time (initially 2 years)
3) Daily, weekly, monthly counts shall be collected and maintained as follows :

a) Displayed for operator – daily for a month, weekly for a month, and monthly for two years

b) Posted in the MIS Secure Area – monthly for two years

4)  Operator shall be able to specify a threshold for which residuals shall be reported. 

 

A business process will be developed to provide the threshold under the guidance of the State Estimator Performance standards, which may be revised every year.


 
	Requirement ID
	SE-FR25

	Requirement Name
	SE Performance - Residuals SE/Telemetry

	Protocol Reference
	Section(s) 3.10.9.2, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	 

Description:  For the performance monitor group called “Congested Transmission Elements for SE”, as defined in functional requirement SE-FR7, the MW flow residual differences between SE and Telemetry shall be:

1) Monitored in each execution, and displayed for operator for a configurable period of time (initially 3 days)
2) Archived for each execution for a configurable period of time (initially 2 years)
3) Daily, weekly, and monthly performance results shall be collected and maintained as follows: 
a) Displayed for operator: daily for a month, weekly for a month, and monthly for two years

b) Posted in the MIS Secure Area – monthly for two years

4)  Operator shall be able to specify a threshold for which residuals shall be reported. 

 

ERCOT will develop a business process to provide the threshold under the guidance of the State Estimator Performance standards, which may be revised every year.


 
	Requirement ID
	SE-FR26

	Requirement Name
	SE Performance - Voltage Accuracy

	Protocol Reference
	Section(s) 3.10.9, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	 

Description:   For the performance monitor group called “Voltage Critical Buses for SE”, as defined in functional requirement SE-FR7, the voltage accuracy (measured as the difference between the telemetered bus voltage and the State Estimator voltage) shall be:

1) Monitored in each execution, and displayed for operator for a configurable period of time (initially 3 days)
2) Archived for each execution for a configurable period of time (initially 2 years).
3) Daily, weekly, and monthly counts shall be collected and maintained as follows:

a) Displayed for operator – daily for a month, weekly for a month, and monthly for two years

b) Posted in the MIS Secure Area – monthly for two years

 

Operator shall be able to specify a threshold for which residuals shall be reported. 

 

ERCOT will develop a business process to provide the threshold under the guidance of the State Estimator Performance standards, which may be revised every year.


 

	Requirement ID
	SE-FR27

	Requirement Name
	SE Performance - Flow Accuracy

	Protocol Reference
	Section(s) 3.10.9, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Partial

	 

Description: For the performance monitor group called “Major Transmission Elements for SE”, as defined in functional requirement SE-FR7, the MW flow residual differences between SE and Telemetry shall be:

1) Monitored in each execution, and displayed for operator for a configurable period of time (initially 3 days)
2) Archived for each execution for a configurable period of time (initially 2 years)
3) Daily, weekly, and monthly counts shall be collected and maintained as follows:

a) Displayed for operator – daily for a month, weekly for a month, and monthly for two years

b) Posted in the MIS Secure Area – monthly for two years

 

Operator shall be able to specify a threshold for which residuals shall be reported. 

 

ERCOT will develop a business process to provide the threshold under the guidance of the State Estimator Performance standards, which may be revised every year.

 

 It shall be possible to generate a report for all equipment failing this test. 

 


 
 
 
	Requirement ID
	SE-FR28

	Requirement Name
	Monitoring of total residual sum for telemetry

	Protocol Reference
	Section(s) 3.10.7.4.2 (5), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P04.P-3

	Sub-Process Element Coverage
	Full

	 

Description:  

 

1) For any location where there is a full complement of measured transmission elements, the system shall have an automated process to detect and notify system operators if the residual sum of all telemetered measurements is more than (a) five percent of the largest incident line’s normal rating at the Electrical Bus or (b) five MW, whichever is greater.

2) The system shall accumulate history for the configurable period of time (initially 2 years) on locations, including Topological Electrical Bus name and Market Participant name, failing this test.  It shall be possible to display all locations failing the test and the number of failures over a configurable period of time, e.g. a month.  It shall be possible to apply sorting and filtering to the list using different sorting criteria, e.g. alphabetically, by failure frequency, etc. 

3) The system shall make this data available for notification via the MIS secure area. 
ERCOT will define a  business process to suggest actions that the TSP or QSE could take to correct the telemetry issues.
 


 

3.8  Data Output to Non-EMS Applications

This section addresses requirements of data provided by State Estimator to applications outside EMS. These may change depending upon the needs of those applications.

	Requirement ID
	SE-FR29

	Requirement Name
	Load Distribution Factors

	Protocol Reference
	Section(s): 3.4; 4.5.1 (5); 5.5.2 (8) (a), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: The adapted bus load distribution factors from State Estimator shall be made available to the following non-EMS applications:
1) SCED: State Estimator estimated load values, and current hour load distribution to evaluate the current loading on transmission constraints.

2) HRUC; State Estimator estimated load values, and current hour load distribution for the remaining hours of the current day plus the 24 hours of the next day to perform bus load forecast. 

3) DRUC; State Estimator estimated hourly load values, and hourly load distributions for the 24 hours of the next day, to perform bus load forecast.

4) DAM; State Estimator estimated hourly load values, and hourly load distributions for 24 hours based upon average load distributions for the last 7 days. 
5) Settlements: Current hour load distribution to calculate load-weighting for the load zones.



	Requirement ID
	SE-FR30

	Requirement Name
	Electrical Bus Status

	Protocol Reference
	Section(s) 3.5.1 (3), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description:

Settlements: This notion of Electrical Bus pertains to the physical nodes on which LMPs area published.  Electrical bus status shall be made available for calculating Hub prices from electrical bus prices.  If any electrical bus is disconnected from the network operations model through operations changes in transmission topology, then that bus shall be excluded from the Hub price calculation.


3.9 Data Output to MIS

	Requirement ID
	SE-FR31

	Requirement Name
	Posting Electrical Bus Status

	Protocol Reference
	Section(s) 3.5.1 (3), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: Every time there is a status change in any Electrical Bus, State Estimator shall make that determination along with a time stamp available for notification to the Market Participants via the MIS secure area.


	Requirement ID
	SE-FR32

	Requirement Name
	Posting Load Distribution Factors

	Protocol Reference
	Section(s)  6.3.2 (2) (e), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: At the beginning of each hour, State Estimator shall make the following data available for posting on the MIS Secure Area:

Updated Electrical Bus Load distribution factors to forecast Electrical Bus Loads for each hour of the current Operating Day and all hours of the next Operating Day.


	Requirement ID
	SE-FR33

	Requirement Name
	Posting Incorrect Status Indicators

	Protocol Reference
	Section(s) 6.5.7.1.5, PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: The Topology Consistency Analyzer shall make the incorrect status indicators available for posting on MIS Secure Area.


	Requirement ID
	SE-FR34

	Requirement Name
	Posting SE results in MIS Secure Area

	Protocol Reference
	Section(s) 6.5.7.1.13 (4) (a); 6.5.7.1.13 (4) (b); 6.5.7.1.13 (4) (c); 6.5.7.1.13 (4) (d); 6.5.7.1.13 (4) (h), PUCT CH 25.361 (16)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: Every hour the following SE information shall be posted on the MIS Secure Area:
1) Status of all breakers and switches used in the Network Security Analysis except breakers and switches connecting Resources to the ERCOT Transmission Grid. 

2) Transmission flows and voltages from the State Estimator;

3) Individual transmission Load on Electrical Buses, sum of the Load on each Electrical Bus in each Load Zone, and total Load on Electrical Buses in the ERCOT System, the sum of ERCOT generation, and flow on the DC Ties, all from the State Estimator;

4) Transformer flows, voltages and tap position from the State Estimator;

5) The 15-minute average of Loads on the Electrical Buses from State Estimator results.


4. Supplementary Requirements

	Requirement ID
	SE-SR1

	Requirement Name
	SE Execution Time

	Requirement Type
	Performance

	Description:  State Estimator in real-time shall complete execution within 10 seconds in tracking mode, and within 1 minute upon cold start.


5. Protocol Coverage

The following table summarizes the coverage extent (Full/Partial) of all relevant Nodal Protocols that are mentioned in this requirements document.

	Protocol Sub-Section # (To the lowest level of granularity as possible)
	Section Title
	Coverage by Requirements
(Full/Partial)
	Coverage by Requirements

	3.4
	Load Zones 
	Partial
	FR1 

FR2 

FR29 

	3.5.1 (3)
	Process for Defining Hubs
	Partial
	FR13 

FR30 

FR31 

	3.8
	Special Considerations for Split Generation Meters
	Partial
	FR10

	3.10.4 (1) 
	ERCOT Responsibilities


	Partial
	FR7 

FR8 

FR33 

FR34  

	3.10.7.1.5
	Reactors, Capacitors, and other Reactive Controlled Sources
	Partial
	FR1  

FR5 

	3.10.7.1
	Modeling of Transmission Elements and Parameters
	Partial
	FR1  

FR4 

	3.10.7.2 (8)
	Modeling of Resources and Transmission Loads
	Partial
	FR2  

FR9 

FR10 

	3.10.7.4.2
	Continuous Telemetry of the Status of Breakers and Switches
	Partial
	FR8  

FR9 

FR15  

FR17 

FR21  

FR28 

	3.10.7.4 (3)
	Telemetry Criteria
	Partial
	FR8  

FR15 

	3.10.7.4.1 (1)
	Continuous Telemetry of the Status of Breakers and Switches
	Partial
	FR15

	3.10.7.4.1 (4)
	Condition Codes
	Partial
	FR8 

FR13 

	3.10.7.4.2 (1)
	Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
	Partial
	FR0 

	3.10.7.4.2 (2)
	Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
	Partial
	FR0 

FR10 

FR17 

	3.10.7.4.2 (3)
	Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
	Partial
	FR0 

FR15 

	3.10.7.4.2 (4)
	Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
	Partial
	FR0 

	3.10.7.4.2 (5)
	Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
	Partial
	FR0 

FR28 

	3.10.7.4.2 (6)
	Continuous Telemetry of the Real-Time Measurements of Bus Load, Voltages, Tap Position, and Flows
	Partial
	FR0 

FR21 

	3.10.9
	State Estimator Performance Standard
	Partial
	FR7 

FR22 

FR23 

FR24 

FR25 

FR26 

FR27  

	3.10.9.1
	Considerations for Performance Standards
	Full
	 FR23 

FR24 

FR25 

FR26 

FR27 

	3.10.9.2
	Telemetry and State Estimator Performance Monitoring
	Full
	 FR22 

	4.5.1 (5)
	DAM Clearing Process
	Partial
	 FR29 

	5.5.2 (8)
	Reliability Unit Commitment (RUC) Process
	Partial
	FR29 

	6.3.2
	Activities for Real-Time Operations
	Partial
	FR11 

	6.3.2 (2) (e)
	Activities for Real-Time Operations
	Partial
	FR33 

	6.5.7.1.2
	Network Topology Builder
	Full
	 FR11 

	6.5.7.1.10 (1)
	Network Security Analysis Processor and Security Violation Alarm
	Partial
	 FR11 

	6.5.7.1.13 (1) (b)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Partial
	Table 3-1, 3-2 

	6.5.7.1.13 (4) (b)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Partial
	Table 3-1, 3-2 

	6.5.7.1.13 (4) (c) 
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Partial
	Table 3-1, 3-2

	6.5.7.1.13 (4) (d)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Partial
	Table 3-1, 3-2

	6.5.7.1.13 (4) (h)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Partial
	Table 3-1, 3-2

	6.5.7.1.3
	Bus Load Forecast
	Partial
	FR18

	6.5.7.1.4
	State Estimator (use bus load forecast)
	Partial
	FR0 

FR18 

FR19

	6.5.7.1.5
	Topology Consistency Analyzer
	Full
	FR12 

FR35 

	6.5.7.1.7
	Real-Time Weather and Dynamic Rating Processor
	Partial
	FR1 

Table 3-1

	6.6.1.2
	Real-Time Settlement Point Price for a Load Zone
	Partial
	FR1

	8.2 (2) (a) (vi)
	ERCOT Performance Monitoring and Compliance (TAC requirements)
	Partial
	FR22 

FR23 

FR24 

FR25 

FR26 

FR27 

FR28 

	8.2 (2) (c) (iii)
	ERCOT Performance Monitoring and Compliance (TAC requirements)
	Partial
	FR19
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