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Software Requirements Specification 

1. State Estimator (SE)

The primary purpose of State Estimator is to estimate the state of the ERCOT network to be able to accurately assess the reliability of the transmission grid and provide the necessary data input to the Security Constrained Economic Dispatch (SCED) application.

1.1 Proposed System Scope

ERCOT plans to implement a new Nodal Market in 2009. Section 3, 6 and 8 of the Nodal Protocols describe the various requirements for State Estimator (SE). The Nodal Protocols will guide this project.

When complete this document defines the business requirements and use cases for State Estimator application.

The As Is Sub-Process map and To Be Sub-Process map defines the current and proposed scope of the system respectively.  Further the State Estimator Activity Map defines the boundaries of the proposed system.

1.2 As is and To Be Sub processes

1.2.1 As Is Sub-Process for State Estimator
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Brief Description:  The process map shown above explains how ERCOT's State Estimator estimates the state of the system, and SE Metrics monitor SE performance in the Zonal market.   The output of these functions are used RTCA in providing situational awareness to the operators and as a starting point to market deployment of services.

1.2.2 To Be Sub-Process for State Estimator
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Brief Description:  The process map shown above explains how State Estimator, Study Model State Estimator, Topology Estimator and SE Performance Monitor work together in the Nodal Market to produce data streams used by other applications.  State Estimator estimates the present state of the transmission system for use in reliability applications. Applications using these data streams are Network Security Analysis (NSA), Security Constrained Economic Dispatch (SCED). 

1.2.3 Differences between the As Is and To Be Sub-Process

· Monitor State Estimator Performance as per the TAC approved SE Performance Standards

· Analyze topology inconsistencies

· Incorporate additional triggering scenarios

· Availability of State Estimator in a Study Mode

· Additional abilities to handle models

· Distinction in UI for Study Mode SE and Real-Time SE

· Meet new data requirements of non-EMS applications

1.3 Assumptions and Dependencies

This document addresses incremental State Estimator (SE) functionality and requirements. It is assumed that the pre-existing ERCOT SE, SE-Statistics and Real Time Contingency Analyis functionality will be carried over from the current zonal system and the scope of this document only include the interpretation of protocol language that is new or calls for changes to the existing functionality.

It is assumed that the requirements for uploading the Network Operations model into the State Estimator are addressed by EMS System Level requirements document.

The following documents are the primary source for the SE requirements; therefore any revisions of these documents may affect the validity of the requirements.  Further, the requirements assume the knowledge of these documents to the extent that the terminology used is understood consistently:

· ERCOT Nodal Protocols approved by the PUCT April 5, 2006
· State Estimator Standards approved by TAC July 6, 2006
· Telemetry Standards approved by TAC July 6, 2006
· ERCOT Operating Guides

It is assumed that the notifications are handled by an external system.

It is assumed that all the State Estimator performance reports are defined and available for printing on the EIS.

It is assumed that the creation of a tag for breaker and switch status overrides shall be a requirement for SCADA.
· Existing State Estimator functionality remains unless the requirements in this document overwrites the existing functionality.
· Existing State Estimator Statistics functionality, including the sampling of that data into Historical Information System, remains unless a requirements in this document overwrites the existing functionality.
· All the State Estimator output, State Estimator statistics, including the metrics for the new SE Performance Standards, are made available for reporting either in MIS or EIS, and all the reports are generated on MIS or EIS.  The format of these reports is beyond the scope of this document.  Archival of this data is managed by the EIS. 
· It is assumed that the Monthly State Estimator Performance report required by Nodal Protocol section 3.10.9.2 will be generated by EIS.
· All notifications and postings are handled by an external system.  EMS and its components will make the required data available for notification and posting
· All the general supplemental requirements shall be covered by another EMS document. Only the SE specific supplemental requirements shall be included in this document.
· It is assumed  that the Test System state estimator described in protocol section 3.10.4 paragraph 3 is provided by another ERCOT subsystem outside the EMS and is NOT covered in this requirements document
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.
2. Definitions and Acronyms

2.1 Definitions

Advisory - The second of four possible levels of communication issued by ERCOT in anticipation of a possible Emergency Condition, detailed in Section 6.5.9, Emergency Operations.

Alert - The third of four possible levels of communication issued by ERCOT in anticipation of a possible Emergency Condition, detailed in Section 6.5.9, Emergency Operations.

Ancillary Service - A service necessary to support the transmission of energy to Loads while maintaining reliable operation of the Transmission Service Provider’s transmission system using Good Utility Practice. 

Ancillary Service Capacity Monitor - A set of processes described in Section 8.1.2.3, QSE Ancillary Service Capacity Compliance Monitoring Criteria, to determine the real-time capability of Resources to provide Ancillary Service.

Ancillary Service Obligation - For each Ancillary Service, a QSE’s ERCOT-allocated share of total ERCOT System needs for that Ancillary Service.

Ancillary Service Schedule - The MW of each Ancillary Service that each Resource is providing in Real-Time and the MW of each Ancillary Service for each Resource for each hour in the Current Operating Plan. 

Area Control Error (ACE) - A calculation of the MW correction needed to control the actual system frequency to the scheduled system frequency.

Base Point - The MW output level for a Resource produced by the SCED process.

Black Start Resource - A Generation Resource under contract with ERCOT to provide Black Start Service.

Black Start Service - An Ancillary Service provided by a Resource able to start without support of the ERCOT Transmission Grid.

Combined-Cycle Configuration - Any combination in which a combined-cycle power block can be operated as a separate Resource. Each possible configuration operated as a separate Resource has a distinct set of operating parameters, physical constraints, and Energy Offer Curve.

Current Operating Plan (COP) - A plan by a QSE reflecting anticipated operating conditions for each of the Resources that it represents for each hour in the next seven Operating Days, including Resource operational data, Resource Status, and Ancillary Service Schedule. 

Data Archive - An integrated normalized data structure of all the target source systems' transactions. The population of the data archive is an extraction of data from the transaction systems without altering the data. The Data Archive is used to populate the Data Warehouse.

DC Tie Load- A Load used to represent the withdrawal of power from the ERCOT System to a DC Tie.

DC Tie Resource - A Resource used to represent the injection of power into the ERCOT System from a DC Tie. 

DC Tie Schedule - The information for a physical transaction between a buyer and a seller, one of which is in ERCOT and the other of which is in a Non-ERCOT Control Area, for energy at a Settlement Point that is a DC Tie.

Direct Current Tie (DC Tie)  - Any non-synchronous transmission interconnections between ERCOT and non-ERCOT electric power systems.

Dispatch - The act of issuing Dispatch Instructions.

Dispatch Instruction - A specific command issued by ERCOT to a QSE, TSP or DSP in the operation of the ERCOT System.

DSR Loads - A Load that a QSE designates to be followed by a Dynamically Scheduled Resource. 

Dynamically Scheduled Resource (DSR) - A Resource that has been designated by the QSE, and approved by ERCOT, as a DSR status-type and follows a DSR Load.

Electric Reliability Council of Texas, Inc. (ERCOT) - A Texas nonprofit corporation that has been certified by the PUCT as the Independent Organization, as defined in §39.151 of PURA, for the ERCOT Region.

Emergency Base Point - The target MW output level for a Resource that is selected by ERCOT during an Emergency Condition.

Emergency Condition:


An operating condition in which the safety or reliability of the ERCOT System is compromised or threatened, as determined by ERCOT; or



The failure of the SCED process.

Emergency Electric Curtailment Plan (EECP) - A plan that provides an orderly, predetermined procedure for maximizing use of available Resources and, only if necessary, curtailing load during an Emergency Condition while providing for the maximum possible continuity of service and maintaining the integrity of the ERCOT System.

Emergency Ramp Rate - The maximum rate of change in MW per minute of a Resource to provide Responsive Reserve that is deployed by ERCOT and that is provided to ERCOT in up to ten segments, each represented by a single MW per minute value (across the capacity of the Resource), which describes the available rate of change in output for the given range (between HSL and LSL) of the output of a Resource.

Emergency Rating (see Ratings)

Energy Offer Curve - A proposal to sell energy at a Settlement Point at a monotonically increasing price with increasing quantity.

ERCOT Operator - An employee of ERCOT responsible for operating the ERCOT Transmission Grid

ERCOT Region - The power region represented by the ERCOT Control Area. 

ERCOT System - The interconnected power system that is under the jurisdiction of the PUCT and that is not synchronously interconnected with either the Eastern Interconnection or the Western Electricity Coordinating Council.  

Generation Resource (See Resource)

High Ancillary Service Limit (HASL) - A dynamically calculated MW upper limit on a Resource to reserve the part of the Resource’s capacity committed for Ancillary Service, calculated as described in Section 6.5.7.2, Resource Limit Calculator. 

High Emergency Limit (HEL) - Limit established by the QSE describing the maximum temporary unsustainable energy production capability of the Resource. This limit must be achievable for a time stated by the QSE, but not less than 30 minutes.

High Sustained Limit (HSL for a Generation Resource) - Limit established by the QSE, continuously updated in Real Time, that describes the maximum sustained energy production capability of the Resource.  

High Sustained Limit (HSL for a Load Resource) - Limit calculated by ERCOT, using the QSE-established Low Power Consumption.

Integration and Design Authority (IDA) – The ERCOT Integration and Design Authority (IDA) is responsible for:

· Defining overall business and technical architecture 

· Developing design standards 

· Ensuring compliance to standards and architecture as set forth in the nodal protocols

JOU – Jointly owned unit (Physical generating unit represented by multiple QSEs).

Load - The amount of energy in MWh delivered at any specified point or points on a system.
Load Frequency Control (LFC) - Deployment of those Generation Resources that are providing Regulation Service to ensure that system frequency is maintained within predetermined limits and deployment of those Generation Resources that are providing Responsive Reserve Service when necessary as backup regulation. LFC does not include the deployment of Responsive Reserve by Load Resources when deployed as a block under Emergency Electric Curtailment Plan (EECP) procedures.
Load Resource (See Resource)

Load Serving Entity - An Entity that sells energy to Customers or Wholesale Customers and that has registered as an LSE with ERCOT. Load Serving Entities include Competitive Retailers (which includes Retail Electric Providers) and Non-Opt-In Entities that serve Load.

Locational Marginal Price (LMP) - The offer-based marginal cost of serving the next increment of Load at an Electrical Bus, which marginal cost is produced by the DAM process or by the SCED process. 

Low Ancillary Service Limit (LASL)  - A dynamically calculated MW lower limit on a Resource to maintain the ability of the Resource to provide committed Ancillary Service. 

Low Emergency Limit (LEL)  - Limit established by the QSE describing the minimum temporary unsustainable energy production capability of the Resource. This limit must be achievable for a period of time indicated by the QSE but not less than 30 minutes. 

Low Power Consumption (LPC for a Load Resource) - Limit established by the QSE, continuously updated in Real-Time, that describes the minimum sustained power consumption of the Load Resource. 

Low Sustained Limit (LSL for a Load Resource) - Limit calculated by ERCOT, using the QSE-established Maximum Power Consumption.    

Low Sustained Limit (LSL for a Generation Resource) - Limit established by the QSE, continuously updatable in Real-Time, that describes the minimum sustained energy production capability of the Resource.  

Market Information System (MIS) - An electronic communications interface established and maintained by ERCOT that provides a communications link to the public and to Market Participants, as a group or individually. 

MIS Public Area - The portion of the MIS that is available to the public.


MIS Secure Area - The portion of the MIS that is available only to registered users.



MIS Certified Area - The portion of the MIS that is available only to a specific Market Participant. 

Market Participant - An Entity that engages in any activity that is in whole or in part the subject of these Protocols, regardless of whether that Entity has signed an Agreement with ERCOT. 

Maximum Power Consumption (MPC for a Load Resource) - Limit established by the QSE, continuously updated in Real-Time, that describes the maximum sustained power consumption of the Load Resource.  

Messaging System - The ERCOT-to-QSE communications system used to send Real-Time notices and Dispatch Instructions to QSEs.
Non-Spinning Reserve (Non-Spin)  - An Ancillary Service that is provided through use of the part of Off-Line Generation Resources that can be synchronized and ramped to a specified output level within 30 minutes (or Load Resources that can be interrupted within 30 minutes) and that can operate (or Load Resources that can be interrupted) at a specified output level for at least one hour. Non-Spinning Reserve Service (Non-Spin) may also be provided from unloaded On-Line capacity that meets the 30-minute response requirements and that is reserved exclusively for use for this service. 

Normal Ramp Rate - The rate of change in megawatts (MW) per minute of a Resource, which is specified by the QSE to ERCOT by up to ten segments; each segment represents a single MW per minute value (across the capacity of the Resource) that describe the available rate of change in output for the given range (between HSL and LSL) of output of a Resource.

Normal Rating (see Ratings)

Off-Line - The status of a Resource that is not synchronously interconnected to the ERCOT System.

On-Line - The status of a Resource that is synchronously interconnected to the ERCOT System.

Operating Guides - Guidelines approved by the ERCOT Board describing the reliability standards for ERCOT.

Output Schedule - The self-scheduled output for every five-minute interval of a Resource provided by a QSE before the execution of SCED.

Qualified Scheduling Entity (QSE) - A Market Participant that is qualified by ERCOT in accordance with Section 16, Registration and Qualification of Market Participants, for communication with ERCOT for Resource Entities and Load Serving Entities and for settling payments and charges with ERCOT. 

Ratings:


Emergency Rating - Two-hour MVA rating of a Transmission Element.

15-Minute Rating - The 15-Minute MVA rating of a Transmission Element.  

Normal Rating - The rating at which a Transmission Element can operate without reducing its normal life expectancy.  

Real-Time - The current instant in time.

Regulation Down Service (Reg-Down)  -An Ancillary Service that provides capacity that can respond to signals from ERCOT within three to five seconds to respond to changes in system frequency.  Such capacity is the amount available below any Base Point but above the Low Sustained Limit of a Generation Resource and may be called on to change output as necessary throughout the range of capacity available to maintain proper system frequency. A Load Resource providing Reg-Down must be able to increase and decrease Load as deployed within its Ancillary Service Schedule for Reg-Down below the Load Resource’s Maximum Power Consumption limit.

Regulation Service - Consists of Regulation Up Service and Regulation Down Service. 

Regulation Up Service (Reg-Up) - An Ancillary Service that provides capacity that can respond to signals from ERCOT within three to five seconds to respond to changes in system frequency.  Such capacity is the amount available above any Base Point but below the High Sustained Limit of a Generation Resource and may be called on to change output as necessary throughout the range of capacity available to maintain proper system frequency.  A Load Resource providing Reg-Up must be able to increase and decrease Load as deployed within its Ancillary Service Schedule for Reg-Up above the Low Power Consumption limit.

Reliability Must-Run (RMR) Service - An Ancillary Service provided from a Reliability Must-Run Unit under an Agreement with ERCOT.

Reliability Must-Run (RMR) Unit - A Generation Resource operated under the terms of an Agreement with ERCOT that would not otherwise be operated except that it is necessary to provide voltage support, stability or management of localized transmission constraints under first contingency criteria where market solutions do not exist.

Resource - A term used to refer to both a Generation Resource and a Load Resource. “Resource” used by itself in these Protocols does not include a Non-Modeled Generator.

· Generation Resource - A generator that is capable of providing energy or Ancillary Service to the ERCOT System and is registered with ERCOT as a Generation Resource. “Generation Resource” used by itself in these Protocols does not include a Non-Modeled Generator.
· Load Resource - A load that is capable of providing Ancillary Service to the ERCOT System and is registered with ERCOT as a Load Resource.

.

Resource Entity - An Entity that owns or controls an All-Inclusive Resource and is registered with ERCOT as a Resource Entity.

Resource ID (RID) - A unique identifier assigned to each Resource used in the registration and settlements systems managed by ERCOT.

Resource Node  - The Electrical Bus defined in the Network Operations Model at which a Resource's measured output is settled. For a Generation Resource that is connected to the ERCOT Transmission Grid only by one or more radial transmission lines that all originate at the Generation Resource and terminate in a single substation switchyard, the Resource Node is an Electrical Bus in that substation. For all other Generation Resources, the Resource Node is the Generation Resource's side of the Electrical Bus at which the Generation Resource is connected to the ERCOT Transmission Grid

Resource Status - The operational state of a Resource as provided in Section 3.9, Current Operating Plan (COP). 

Responsive Reserve - An Ancillary Service that provides operating reserves that is intended to: 

(1) Arrest frequency decay within the first few seconds of a significant frequency deviation on the ERCOT Transmission Grid using governor response and interruptible Load; 

(2) After the first few seconds of a significant frequency deviation, help restore frequency to its scheduled value to return the system to normal; 

(3) Provide energy or continued Load interruption during the implementation of the Emergency Electric Curtailment Plan (EECP); and 

(4) Provide backup regulation.

Security-Constrained Economic Dispatch (SCED) - The determination of desirable Generation Resource output levels using Energy Offer Curves while considering State Estimator output for Load at transmission-level Electrical Buses, Generation Resource limits, and transmission limits to provide the least offer-based cost dispatch of the ERCOT System.

Settlement - The process used to resolve financial obligations between a Market Participant and ERCOT. 

Settlement Interval - The time period for which markets are settled. 

System Operator - An Entity supervising the collective Transmission Facilities of a power region, which Entity is charged with coordination of market transactions, system-wide transmission planning, and network reliability?

Technical Advisory Committee (TAC) -A subcommittee in the ERCOT governance structure reporting to the Board of Directors as defined by the ERCOT Bylaws.

Three-Part Supply Offer  - An offer made by a QSE for a Generation Resource that it represents containing three components: a Startup Offer, a Minimum-Energy Offer, and an Energy Offer Curve.

Transmission and/or Distribution Service Provider (TDSP) - An Entity that is either a Transmission Service Provider or a Distribution Service Provider.

Transmission Service Provider (TSP) - An Entity under the jurisdiction of the PUCT that owns or operates Transmission Facilities used for the transmission of electricity and provides Transmission Service in the ERCOT Transmission Grid.

Weather Zone - A geographic region designated by ERCOT in which climatological characteristics are similar for all areas within such region.  
2.2 Acronyms and Abbreviations

ACE
Area Control Error

COP
Current Operating Plan

DC Tie
Direct Current Tie

DSR
Dynamically Scheduled Resource

EECP
Emergency Electric Curtailment Plan

ERCOT
Electric Reliability Council of Texas, Inc.
HASL
High Ancillary Service Limit

HDL
High Dispatch Limit

HEL
High Emergency Limit

HSL
High Sustained Limit

Hz
Hertz

IDA
Integration and Design Authority

JOU
Jointly Owned Unit

LAAR
Load acting as a Resource

LASL
Low Ancillary Service Limit

LDL
Low Dispatch Limit

LEL
Low Emergency Limit

LFC
Load Frequency Control

LMP
Locational Marginal Price

LPC
Low Power Consumption

LSL
Low Sustained Limit

MPC
Maximum Power Consumption

MW
Megawatt

MWh
Megawatt Hour

NERC
North American Electric Reliability Council

NMMS
Network Model Management System

Non-Spin
Non-Spinning Reserve 

QSE
Qualified Scheduling Entity

Reg-Down
Regulation Down 

Reg-Up
Regulation Up

RMR
Reliability Must-Run

RRS
Responsive Reserve 

RTU
Remote Terminal Unit

SCED
Security-Constrained Economic Dispatch

SE
State Estimator
SME
Subject matter expert

TAC
Technical Advisory Committee

TDSP
Transmission and/or Distribution Service Provider

TSP
Transmission Service Provider
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 Data Modeling

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

	Requirement ID
	SE-FR1

	Requirement Name
	SE – Network Operations Model

	Protocol Reference
	Section(s) 3.4, 3.10.7.1, 6.5.7.1.13

	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:
· 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 TSP’s control center operational model and ERCOT’s Network Operations Model are consistent.

· Electrical Bus:

· All electrical buses shall be modeled in the State Estimator to efficiently provide data, for example: Load Distribution factors, and Resource and Load shift factors, to other systems

· Information describing properties and interconnection of all other transmission elements: lines, transformers, loads, and resources and the associated electrical bus information shall be available in the State Estimator model.
· Transmission Elements:

· For all the transmission elements the associated operating TSP or 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 TSP.

· 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.

· Generation Resource Step-up Transformers:

· Operator shall be able to distinguish the Generation Resource step-up transformers among all of the transformers to set the no-load tap position.

· Telemetry:

· For each telemetered quantity the associated TSP or QSE that is providing the telemetry shall be available in the State Estimator, and these shall be the same references used in the ICCP or SCADA modeling.  This may be different than the operating TSP or QSE.
· Load Zone:

· The load zones and the associated electrical buses shall be available in the State Estimator to efficiently provide data, for example: Load-weighting, to other systems

· Weather Zone:

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

· 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.

· Load Areas and Schedules:

· All the loads shall be classified into load area groups with schedules based on seasons and day types.

· 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 Network loads.

· 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) 3.10.7.2 (3),  3.10.7.2 (6)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description: The following requirements represent DC-Tie modeling in State Estimator:

DC-Tie:

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

· ERCOT shall create a DC Tie Load to represent an equivalent Load withdrawal to represent the flow from the ERCOT Transmission Grid from operation of DC Ties. The actual withdrawal flow on the DC Tie from telemetry provided by the facility owner(s) is the DC Tie Load output

· 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
	Section(s) 6.5.7.1.13

	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 taking full adavantage of time synchronized data from Phasor Measurement Unit, i.e. process the PMU data with the objective of improving observability, accuracy, and efficiency of bad data processing.


	Requirement ID
	SE-FR4

	Requirement Name
	Modeling of variable frequency transformers

	Protocol Reference
	NMMS Requirement

	Coverage of Protocol
	None

	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

	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 FACTS devices including Static Synchronous Compensator, Static Synchronous Generator, Static Var Compensators, Battery Energy Storage System, Unified Power Flow Controller, Inter-phase Power Controller, Thyrystor Controlled Series Capacitor, Static Synchronous Series Controllers.


	Requirement ID
	SE-FR6

	Requirement Name
	Modeling of units' multiple reactive limits

	Protocol Reference
	Section(s) 3.15

	Coverage of Protocol
	None

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

	Sub-Process Element Coverage
	Partial

	Description:  The power system shall include unit’s model representation with multiple capability curves (up to 5 curves).  In real-time, it shall be possible to dynamically activate unit’s reactive limits depending on the corresponding temperature settings in the EMS or telemetered hydrogen pressure.

Transmission/Operation Engineer shall be able to: 

1. Override the automatic curve selection and manually select an appropriate limit setting for any unit. 

2. Edit the curves' definitions online. 




	Requirement ID
	SE-FR7

	Requirement Name
	Data Model for Performance Monitoring

	Protocol Reference
	Section(s) 3.10.9

	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 to monitor performance of the State Estimator as per the TAC approved State Estimator Performance standards:
i. Performance monitor group called “Congested Transmission Elements for SE” which includes transmission elements that contributed to user determined percent of the congestion costs in the last year identified based on a business process.
ii. Performance monitor group called “Voltage Critical Buses for SE”, which includes user determined number of most voltage critical buses identified based on a business process.
iii. Performance monitor group called “Major Transmission Elements for SE”, which includes transmission elements that are above a specified KV level identified based on a business process.
A business process shall be developed to identify and model all the above monitor groups under the guidance of the State Estimator Performance standards, which may be revised every year.



	Requirement ID
	SE-FR8

	Requirement Name
	Telemetry condition codes

	Protocol Reference
	Section(s) 3.10.7.4 (3)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  It shall be possible for the State Estimator to receive the condition codes that indicate telemetered data quality, whether the data has been measured within the scan rate requirement, possible loss of updates, and loss of telemetry link.  These condition codes may be either identified in the TSP or QSE system or identified in the ERCOT system as per the protocols.  State Estimator shall provide the condition codes for all the above scenarios, along with the data, to the operator.

Quality codes sent as not good quality shall be considered at a lower confidence. The confidence shall continue to decrease over time at a configurable rate.




	Requirement ID
	SE-FR9

	Requirement Name
	Private Networks

	Protocol Reference
	Section(s) 3.10.7.2 (8)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  An indicator identifying private network load locations will be provided indicating that load and generation exists at this location which is NOT captured in the system demand being passed on to other applications.  At these locations, the State Estimator will estimate total physical load and generation injections at the locations, and 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 networks.  Private network loads will be calculated separately.

Vendor will communicate modeling requirements to accommodate this functional requirement to ERCOT early in the design process.

State Estimator shall use the telemetry of the private generation resources and loads consistently, so the net effect to ERCOT transmission system is accurately represented in the State Estimator and target system results (including post-contingency).




	Requirement ID
	SE-FR10

	Requirement Name
	Split Generation Model

	Protocol Reference
	Section(s) 3.8

	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 as two or more independent Generation Resources in the State Estimator.  It shall be possible to identify them as split generators of the corresponding physical generating resource.  It shall be possible to receive total generation facility output as a telemetry input, in addition to receiving all individual split generation resource output telemetry.

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. 


3.2 Execution Trigger

	Requirement ID
	SE-FR11

	Requirement Name
	Real Time Sequence Topology Change Trigger

	Protocol Reference
	Section(s) 6.3.2

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description: 

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

iii. User shall be able to create the triggering conditions by specifying the individual transmission elements or resources

iv. User shall be able to create the triggering conditions based on one of the following criterion:
· All transmission elements above a specified KV level
· All transmission elements above a specified percent of loading
· All resources above a specified MW rating



3.3 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

	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 detected in topology and shall indicate the correct breaker and switch status(es) when the preponderance of redundant information from the telemetered database indicates errors in status.  For example, such processing would detect flow on lines, flow on devices or network load, shown as disconnected from the transmission system and would indicate to ERCOT that there was a continuity error associated with the flow measurement or status indication. The consistency validation shall also include probable impedance errors.  

2. EMS Operator and EMS Analyst shall have a capability to easily 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; by one click navigation to the telemetry screen of the relevant station
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)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:

i. System shall be able to identify probable errors in switch or breaker statuses.  A business process shall be developed to resolve or correct such errors in a timely manner based on this data
ii. When the telemetry of breakers and switches is lost:

a. System shall be able to globally do the following as per operator’s choice:

· Use last known state of the device for a configurable amount of time
· After configurable amount of time update the status by taking the default status and overlaying any outage scheduler scheduled changes
· Accept operator entry

b. System shall allow the operator to pick a different option 

c. System shall keep track of all such instances and revert back to telemetry when it becomes available again.

d. A business process shall be created to guide the operator to handle this scenario.

.




	Requirement ID
	SE-F14

	Requirement Name
	Electrical Bus Status

	Protocol Reference
	Section(s) 3.5.1 (3)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description: State Estimator shall automatically detect electrical bus status change, connected or disconnected, for reporting purposes.


	Requirement ID
	SE-FR15

	Requirement Name
	Critical Measurements Identification

	Protocol Reference
	Section(s) 3.10.7.4.2 (3)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Partial

	Description:  As part of observability analysis based on telemeter data only, SE shall identify all critical measurements.  A business process shall be developed to determine if additional telemetry is to be requested from the TSP, with in 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)

	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 perform analysis of all contingencies, to ensure that resolving of base case power flow before contingency analysis will produce the same solution as that of SE solution.
Note:  The Network Security Analysis requirements will determine how this input is handled.




	Requirement ID
	SE-FR17

	Requirement Name
	Split Generation Monitoring

	Protocol Reference
	3.10.7.4.2 (2)

	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.


3.4 Bus Load Forecast

	Requirement ID
	SE-FR18

	Requirement Name
	Load measurements

	Protocol Reference
	6.5.7.1.3

	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 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, pseudo load measurements, coupled with the remaining telemetry of line flows and voltages to estimate 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 failed 3 σ [the 3 standard deviations?] test shall not be adapted

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

a. Bus load forecast

b. Bus load forecast 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 bus load forecast.

	Protocol Reference
	Section(s) 8.2(2) c (iii)

	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 aggregated every 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 and MTLF load and weather zones definitions. 




	Requirement ID
	SE-FR20

	Requirement Name
	15-min average load

	Protocol Reference
	6.5.7.1.13 (4)(c) and  6.5.7.1.13 (4)(h),

	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 posting to the MIS:

1. Individual transmission Load on Electrical Buses

2. Sum of the Load on each Electrical Bus in each Load Zone

3. Total Load on Electrical Buses in the ERCOT System

4. Loads on the Electrical Buses.


3.5 Study Mode Version of the State Estimator

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

	Requirement Name
	SE – Study Mode SE Execution

	Protocol Reference
	3.10.7.4.2 (6)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	

	Sub-Process Element Coverage
	

	Description: The following are Study Mode SE execution requirements

1. Study Mode SE shall be hosted in the production EMS environment

2. In general, Study Mode SE shall use the same Network Operations Model as that of the real time State Estimator.  During the model upload process the Study Mode SE shall be able to use future model.

3. Study Mode SE shall be executed independent of the real time State Estimator

4. Study Mode SE shall be executed automatically at the same time as that of the real time State Estimator

5. User shall be able to distinguish between the Study Mode SE and real time SE user interface

6. User shall be able to make the following Network Operations Model changes, and track and revert all such changes, in order to troubleshoot:

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

b. Connectivity of transmission elements

c. Override telemetered analog, and status values in the Study Mode SE, without affecting real time telemetry




3.6 Performance Monitoring
 
	Requirement ID
	SE-FR22

	Requirement Name
	Execution of SE Performance Monitoring

	Protocol Reference
	Section(s) 3.10.9

	Coverage of Protocol
	Full

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

	Sub-Process Element Coverage
	Partial

	 

Description:  Performance of the State Estimator shall be monitored continuously, on each execution, including application failures, and the data specified in the following requirements 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

	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 period of 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 – 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

	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 period of 3 days

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

3. Rolled up to daily, weekly, monthly and:

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. 

 

A business process shall 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

	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 period of 3 days

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

3. Rolled up to daily, weekly, monthly, and:

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. 

 

A business process shall be developed 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

	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 period of 3 days

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

3. Rolled up to daily, weekly, monthly, and:

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. 

 

A business process shall be developed 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

	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 period of 3 days

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

3. Rolled up to daily, weekly, monthly, and:

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. 

 

A business process shall be developed 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 equipments 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)

	Coverage of Protocol
	Partial

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

	Sub-Process Element Coverage
	Full

	 

Description:  

 

i. For any location where there is a connection of multiple, 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 line rating at the Electrical Bus or (b) five MW, whichever is greater.

ii. The system shall accumulate history on locations, including electrical bus name and TSP name, failing this test.  It shall be possible to display all locations failing the test and the frequency of failing the test.  It shall be possible to apply sorting and filtering to the list using different sorting criteria, e.g. alphabetically, by failure frequency, etc. 

iii. The system shall make this data available for notification.

iv. A business process shall be defined to suggest actions that the TSP or QSE could take to correct the failures

 


 

3.7  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
	4.5.1 (5), 5.5.2 (8) (a),  3.4

	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 remainder hours of the current day plus the 24 hours of the next day 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
	Estimated Generation Injections

	Protocol Reference
	6.5.7.1.13

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: 

SCED: State Estimator estimated generation values to evaluate the current loading on tranmission constraints.


	Requirement ID
	SE-FR31

	Requirement Name
	Electrical Bus Status

	Protocol Reference
	3.5.1 (3)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description:

Settlements: Electrical bus status shall be made available for calculating Hub prices from electrical bus prices.


	Requirement ID
	SE-FR32

	Requirement Name
	Current Breaker Statuses

	Protocol Reference
	5.5.1 (3)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description:
HRUC: Current status of all breakers for HRUC to build topology for the Transmission Security Analysis.


3.8 Data Output to MIS

	Requirement ID
	SE-FR33

	Requirement Name
	Posting Electrical Bus Status

	Protocol Reference
	3.5.1 (3)

	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 information along with a time stamp available for notification to the Market Participants.


	Requirement ID
	SE-FR34

	Requirement Name
	Posting Load Distribution Factors

	Protocol Reference
	6.3.2 (2) (e)

	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:

1. 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-FR35

	Requirement Name
	Posting Incorrect Status Indicators

	Protocol Reference
	6.5.7.1.5

	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-FR36

	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)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	Description: Every hour the following 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
	User Interface

	Requirement Type
	Usability

	Description:   The supplier will be responsible for the conversion of ERCOT specific custom displays as well as the changes to the base product displays.
Additionally ERCOT shall work with the supplier in the identification of the custom displays that will need development outside the base product. . 



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)

	3.4
	Load Zones 
	Partial

	3.5.1 (3)
	Process for Defining Hubs
	Partial

	3.8
	Special Considerations for Split Generation Meters
	Partial

	3.10.4 (1)
	ERCOT Responsibilities
	 

	3.10.4 (3)
	ERCOT Responsibilities
	 

	3.10.7.1.5
	Reactors, Capacitors, and other Reactive Controlled Sources
	Partial

	3.10.7.1
	Modeling of Transmission Elements and Parameters
	Partial

	3.10.7.2 (8)
	Modeling of Resources and Transmission Loads
	Partial

	3.10.7.4.2
	Continuous Telemetry of the Status of Breakers and Switches
	Partial

	3.10.7.4 (3)
	Telemetry Criteria
	Partial

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

	3.10.7.4.1 (4)
	 
	Partial

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

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

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

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

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

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

	3.10.9
	State Estimator Performance Standard
	Partial

	3.10.9 (1) & (2)
	State Estimator Performance Standard.
	Partial

	3.10.9.1 (a)
	Considerations for Performance Standards
	 

	3.10.9.1 (c)
	Considerations for Performance Standards
	 

	3.10.9.2
	Telemetry and State Estimator Performance Monitoring
	 

	4.5.1 (5)
	DAM Clearing Process
	 

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

	6.3.2
	Activities for Real-Time Operations
	Partial

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

	6.5.7.1.2
	Network Topology Builder
	 

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

	6.5.7.1.13 (1) (b)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Full

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

	6.5.7.1.13 (4) (c) 
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Full

	6.5.7.1.13 (4) (d)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Full

	6.5.7.1.13 (4) (h)
	Data Inputs and Outputs for the Real-Time Sequence and SCED (Posting on MIS Secure Area)
	Full

	6.5.7.1.3
	Bus Load Forecast
	Partial

	6.5.7.1.4
	State Estimator
	Partial

	6.5.7.1.5
	Topology Consistency Analyzer
	Partial

	6.5.7.1.7
	Real-Time Weather and Dynamic Rating Processor
	Partial

	6.6.1.2
	Real-Time Settlement Point Price for a Load Zone
	 

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

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


6. Sub-Process Coverage

The following table summarizes the coverage extent (Full/Partial) of all Sub-Processes that are mentioned in this requirements document. The process ID refers to the To Be Sub-process map included in section 1.2.2.

	Sub-Process ID
	Sub-Process Name
	Coverage by Requirements

(Full/Partial)

	I-1
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-2
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-3
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-4
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-5
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	 

	I-6
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-7
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-8
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-9
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	I-11
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	 

	I-12
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	 

	I-13
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	 

	P-1
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	P-2
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	 

	P-3
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Full

	P-4
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	Partial

	P-5
	COPS.P04EstimateStateAnalyzeContingencies_V1.0
	 


7. Appendix A – State Estimator Activity Map
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