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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 Dynamic Ratings 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 the Dynamic Ratings.  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 objective of this requirements specification is to:

· Specify mutually exclusive and collectively exhaustive set of requirements for Dynamic Ratings

· 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 elicit requirements for Dynamic Ratings 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 Dynamic Ratings requirements are traceable to at least one of the following governing documents: Nodal Protocols, NERC standards, FERC guidelines, and PUCT documents.  In addition requirements are traceable to the Functional Diagram that describes Dynamic Ratings.
These requirements are based off of May 2006 version Nodal Protocols and NERC, FERC, PUCT requirements approved as of May 2006.

2. Dynamic Ratings
The primary purpose of Dynamic Ratings is to improve the economic efficiency of the market by reflecting the change in ambient weather conditions on the ratings of TSP designated transmission elements.  This is achieved through the implementation of Dynamic Ratings Processor which processes the ambient weather conditions or accepts updated field data reflecting dynamic ratings, and calculates the ratings accordingly.  These ratings are used in real-time and look-ahead security analysis as well as real-time, hour-ahead, and day-ahead market analysis.
2.1 Proposed System Scope

This document defines the requirements for Dynamic Ratings. All the requirements for usage of Dynamic Ratings in the Network Operation Model are in scope for this document.  Dynamic Ratings for CRR Network Model and Annual Planning Models are not in scope for the EMS.
2.2 Dynamic Ratings Process
The diagram below shows blocks for all input/output and major sub-processes within the Dynamic Ratings process.

The dynamic ratings process can be broken into two sets of sub-processes, real-time dynamic ratings sub-processes and forecasting sub-processes.

Real-time dynamic ratings may be calculated in one of the four methods: (i) ERCOT receives real-time MVA rating from TSP via telemetry, or (ii) ERCOT receives real-time Ampere rating from TSP via telemetry and Dynamic Ratings Processor converts ampere rating to MVA rating, or (iii) ERCOT receives real-time temperature from TSP via telemetry for the Transmission Element, and Dynamic Ratings Processor looks-up the appropriate rating from the static table, or (iv) ERCOT receives the current weather-zone temperature from the ERCOT designated weather service provider and Dynamic Ratings Processor looks-up the appropriate rating from the static table.  Once the Dynamic Ratings Processor calculates all the ratings they are written to SCADA.  This will ensure the telemetry alarm processing uses the Dynamic Ratings and all the applications in the Real-Time Sequence use the Dynamic Ratings.  The ratings flow from SCADA to State Estimator to Real-Time Network Security Analysis to Transmission Constraint Management and to SCED in the form of constraints.
Forecasted ratings are calculated by the Dynamic Ratings Processor using the Weather Forecast from an external weather service.  The forecasted ratings are made available via APIs to all look-ahead security analysis and real-time, hour-ahead, and day-ahead market analysis.  To be compliant with NOMCR process, Dynamic Ratings Processor will use the future daily models, including static table changes, made available by NMMS.
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2.3 Assumptions and Pre-Conditions

1. We assume that the nodal protocol Section 3.10.8.3, requiring the automatic implementation of new dynamic ratings within 24 hours will be performed by NMMS and is outside the scope of these requirements. 

2. We assume that the nodal protocol Section 3.10.8.4 (3), assuming an ERCOT process will be identifying and posting transmission elements with a high probability of providing significant economic efficiency if dynamic ratings were provided by TSP; is outside the scope these requirements.

3. We assume that the nodal protocol Section 3.10 (4), assuming NMMS will post on the MIS Secure Area  daily models that includes dynamic ratings and associated temperatures for future days is outside the scope of this document.

4. We assume that the TSP participant’s previous agreements to accept dynamic rating of their transmission elements using the methodologies described in this document remain in effect.

5. We assume that the real-time TSP interface to dynamic ratings will not be changed.

3. Functional Requirements
This section describes the functional requirements for the Dynamic Ratings Processor.  These requirements are classified into Dynamic Ratings Input, Sub-Process, Output, Data Posting and Data Archiving requirements.
3.1 Dynamic Ratings Input Requirements
The inputs to Dynamic Ratings are from various Systems and Sub-systems as described in the functional diagram in Section 2.  The proposed system for Dynamic Ratings is expected to use this data as described in these functional requirements.  The respective source system shall make the data available to Dynamic Ratings Processor through interfaces to be identified in the design process.

All the input data requirements for the Dynamic Ratings Processor are described below:

	Requirement ID
	DR-FR1

	Requirement Name
	Dynamic Ratings Input

	Protocol Reference
	Section(s) 6.5.7.1.7 (1), 3.10.8.1, 3.10.8.2, 3.10.8.3

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	SCADA, NMMS, Weather Service

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings shall use the following data models, provided by TSPs via NOMCRs and obtained from NMMS:

i. Dynamically rated Transmission Elements:  A list of Transmission Elements identified as dynamically rated, with the following attributes:

a. Associated TSPs
b. Associated Weather Zones
c. Associated static table described below

d. Associated method of calculating dynamic ratings in real-time.

ii. Method of Calculation: The method of calculating Dynamic Ratings  for a TSP designated transmission element in real-time shall be  accomplished using one of the following methods:
NOTE: TSPs may elect to use one of the methods from the list below for each designated transmission element.

a. Dynamic Ratings via telemetered MVA rating

b. Dynamic Ratings via telemetered ampere rating

c. Dynamic Ratings calculated by ERCOT using telemetered Weather Zone temperature and static table in (iii) below
d. Dynamic Ratings calculated by ERCOT using current Weather Zone temperature provided by the weather service provider designated by ERCOT, and static table in (iii) below
iii. Static table:  For each Transmission Element that is identified as dynamically rated, a  table that provides the relationship between temperature and equipment ratings.  The range of temperature points will be in increments of 5°F and ranging from 20°F to 115°F.  In addition to the temperature specific ratings, the static table will contain nominal ratings.  For each temperature point Normal Rating, Emergency Rating and 15-Minute Rating will be made available.
iv. Future models:  The above data models for the Operating Day, and days 2 through 31, to reflect the changes to the ERCOT System and therefore allow Dynamic Ratings Processor to calculate ratings for applications simulating future models.
B. Dynamic Ratings shall use the following real-time input data, provided by TSPs via ICCP and obtained from SCADA:

i. MVA ratings:  Normal Rating, Emergency Rating, and 15-Minute Rating, for a subset of Transmission Elements.
ii. Ampere ratings:  Normal Rating, Emergency Rating, and 15-Minute Rating, in amperes, for a subset of Transmission Elements.

iii. Weather Zone temperature:  Current Weather Zone temperature.
C. Dynamic Ratings shall use the following data from observed or forecasted weather data from weather service provider designated by ERCOT:
i. Current hour temperature for each Weather Zone
ii. Hourly forecast Weather Zone temperature for the rest of the Operating Day, and days 2 through 7
iii. Daily forecast Weather Zone high and low temperature for days 8 through 31
D. Dynamic Ratings data models shall include a link (map) between the SCADA telemetered data point used as input to the Dynamic Rating calculation and the Transmission Element based on the rating calculation method specified for each Transmission Element, as follows:
i. For Transmission Elements where Dynamic Ratings are calculated using telemetered MVA rating, there must be a MVA rating telemetry point linkage

ii. For Transmission Elements where Dynamic Ratings are calculated using telemetered ampere rating, there must be a ampere rating telemetry point linkage

iii. For Transmission Elements where Dynamic Ratings are calculated using telemetered Weather Zone temperature, there must be a Weather Zone temperature telemetry point linkage

E. Dynamic Ratings Processor shall be able to implement static table changes within an hour of receiving them from NMMS.  These changes are submitted by TSPs via NOMCR process into NMMS.


3.2 Dynamic Ratings Sub-Processes
	Requirement ID
	DR-FR2

	Requirement Name
	Periodicity

	Protocol Reference
	Section(s) 3.10.8.2

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Dynamic Ratings

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings Processor shall be executed every 5 minutes to update real-time ratings.  This real-time execution periodicity shall be configurable by ERCOT staff with appropriate assigned permission.
B. Dynamic Ratings Processor shall be executed every hour, a few minutes after weather forecast from the weather service provider is obtained, to update future dynamic ratings.  This execution periodicity and the execution timing shall be configurable by ERCOT staff with appropriate assigned permission..


	Requirement ID
	DR-FR3

	Requirement Name
	Real-time Dynamic Ratings Calculation 

	Protocol Reference
	Section(s) 3.10.8 (2), 3.10.8.1, 3.10.8.2, 6.5.7.1.13 (1)(e)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Calculate MVA Ratings from ampere telemetry, Calculate MVA Ratings using Static Tables

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings Processor shall calculate real-time dynamic ratings as follows based on the method specified on the Transmission Element:

i. Dynamic Ratings via telemetered MVA rating:  The Dynamic Ratings are the same as the telemetered MVA rating unless the Transmission Element is jointly-owned.  
ii. Dynamic Ratings via telemetered ampere rating:  The Dynamic Ratings are calculated by converting the telemetered ampere rating into equivalent MVA rating for normal, emergency, and 15-minute ratings.
iii. Dynamic Ratings calculated using telemetered Weather Zone temperature and static table:  The Dynamic Ratings are calculated by looking up the static table using the telemetered temperature.  If the telemetered temperature is in between the temperature points in the static table, then the ratings shall be calculated by interpolating between the points.  If the telemetered temperature is outside the temperature points in the static table, then the ratings shall be set to the boundary point ratings.
iv. Dynamic Ratings calculated using current Weather Zone temperature from the weather service provider and static table:  The Dynamic Ratings are calculated by looking up the static table using the current Weather Zone temperature from the weather service provider, as described in item A. iii. above.

B. For jointly-owned Transmission Elements, select the most conservative rating of the Dynamic Ratings (MVA rating) as calculated above.  It is possible for a jointly owned Transmission Element to have two different calculation methods.

C. Dynamic Ratings Processor shall validate the ratings calculated using telemetry, as follows:

i. Compare the ratings calculated using the current temperature from the weather service provider to the Dynamic Rating calculated using the telemetered MVA ratings, or ampere ratings, or telemetered temperature.

ii. If the difference is more than a configurable threshold, then

a. The ratings calculated using the temperature from weather service provider shall be used as the Dynamic Ratings.
b. This condition shall be alarmed to the ERCOT operator via the Alarm sub-system of the EMS.

D. Dynamic Ratings Processor shall use only valid telemetry.  In case of telemetry failure and the method of calculation is based on telemetered data, Dynamic Ratings Processor shall use the current Weather Zone temperature from weather service provider and static table to calculate ratings.


	Requirement ID
	DR-FR4

	Requirement Name
	Dynamic MVA ratings for Real-time Sequence

	Protocol Reference
	Section(s) 3.10.8 (2), 3.10.8.4 (1), 3.10 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Write Dynamic MVA ratings to SCADA

	Sub-Process Element Coverage
	Full

	Description:
A. Normal, emergency, and 15-minute MVA Dynamic Ratings calculated as described in the “Real-time Dynamic Ratings Calculation” requirement above, shall be written to SCADA so that these ratings can be used in SCADA overload monitoring and alarming.

B. The Dynamic Ratings shall be propagated into State Estimator, every time telemetered data is retrieved from SCADA by State Estimator, and used in overload monitoring.  Further the Dynamic Ratings shall be propagated into Network Security Analysis and used in contingency overload monitoring, to ensure usage of Dynamic Ratings for constraints used by SCED.

C. A capability shall be provided to the ERCOT operator, to enable or disable the writing of dynamic ratings to SCADA, on an individual Transmission Element basis.  When the disable function is used, the nominal ratings shall be used.



	Requirement ID
	DR-FR5

	Requirement Name
	Rating Deviation Calculation

	Protocol Reference
	Section(s) 6.5.7.1.7 (2)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Inputs

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings Processor shall calculate rating deviation as the difference between the Dynamic MVA Rating and the nominal MVA rating.
B. The rating deviation shall be averaged for hourly, daily, and monthly rating deviations for the normal, emergency, and 15-minute ratings for each Transmission Element.


	Requirement ID
	DR-FR6

	Requirement Name
	Calculate Future Dynamic Ratings using Static Tables

	Protocol Reference
	Section(s) 3.10.8.2, 3.10.8 (2), 3.10.8.4, 4.2.3 (b), 5.5.1 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Calculate Future MVA Ratings using Weather Forecast

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings for future hours shall be calculated as follows:
i. Rest of the Operating Day, and days 2 through 7:  The Dynamic Ratings are calculated by looking up the static table using the forecasted hourly Weather Zone temperature from the weather service provider.
ii. Days 8 through 31:  Dynamic Ratings Processor shall use forecasted daily high and low Weather Zone temperatures from the weather service provider designated by ERCOT, and one of four seasonal temperature profiles to calculate hourly Weather Zone temperature.  This calculated Weather Zone temperature shall be used to look up the static table.
iii. If the forecasted temperature is in between the temperature points in the static table, then the ratings shall be calculated by interpolating between the points.  If the forecasted temperature is outside the temperature points in the static table, then the ratings shall be set to the boundary point ratings.

iv. For jointly-owned Transmission Elements, select the most conservative rating of the calculated MVA ratings.
B. For all future hours, Dynamic Ratings Processor shall use corresponding future data models, including the static table.  For example, if a transmission line is scheduled to go in service in 10 days, and is designated to be dynamically rated, the Dynamic Ratings Processor shall calculate a rating using the static table provided via NOMCR process effective for that future time.  


	Requirement ID
	DR-FR7

	Requirement Name
	Application Program Interface 

	Protocol Reference
	Section(s) 3.10.8 (1), 3.10.8 (2), 3.10.8.4, 3.10.8.2

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Application Program Interface

	Sub-Process Element Coverage
	Full

	Description:
A. An Application Program Interface (API) shall be provided for use by external applications to retrieve dynamic ratings.
B. Requesting applications shall be able to specify either the time/date or the time/date and temperature forecast, along with the Transmission Element identifiers.  The Dynamic Ratings shall be determined using the forecasted temperature as described in “Calculate Future Dynamic Ratings using Static Tables” requirement described in this section.

C. The temperature range of 20ºF to 115ºF must be supported for the requests through the API.
D. Future models shall be used as applicable to determine the Dynamic Ratings through the API.  


	Requirement ID
	DR-FR8

	Requirement Name
	Manual Replace of Telemetry

	Protocol Reference
	Section(s)  3.10.8.1 (2), 3.10.8.2

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	Operator-Initiated Data

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings Processor shall allow ERCOT operator to manually update any SCADA telemetered input: Transmission Element MVA ratings,  Transmission Element ampere ratings, and Weather Zone temperature

B. Dynamic Ratings Processor shall provide a summary display of telemetered data for each type of input data for ERCOT operator to view and update suspect data.  


3.3 Dynamic Ratings Output Requirements

	Requirement ID
	DR-FR9

	Requirement Name
	Dynamic Ratings for RUC

	Protocol Reference
	Section(s) 5.5.1 (4)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	MMS

	Sub-Process Element Coverage
	Full

	Description:
A. Dynamic Ratings Processor shall make the weather-adjusted MVA ratings available to RUC, for each hour of RUC study period for all transmission lines and transformers that have Dynamic Ratings.


3.4 Dynamic Ratings Data Archiving Requirements

	Requirement ID
	DR-FR10

	Requirement Name
	Data Archiving

	Protocol Reference
	Section(s) 17.2, 17.3.5

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	EDW

	Sub-Process Element Coverage
	Full

	Description:
A. Each Operating Hour, Dynamic Ratings Processor shall make the current Dynamic Ratings data available for archiving.

B. The monthly average rating deviation for each dynamically rated Transmission Element shall be archived.
C. The above data shall be available online for four years, and stored for seven years.


3.5 Dynamic Ratings Data Posting Requirements

	Requirement ID
	DR-FR11

	Requirement Name
	MIS Postings

	Protocol Reference
	Section(s) 3.10.8 (3), 4.2.3 (b), 6.5.7.1.7 (1), 6.5.7.1.7 (2)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	MIS

	Sub-Process Element Coverage
	Full

	Description:
A. Each Operating Hour, Dynamic Ratings Processor shall make the current Dynamic Ratings data available for posting on MIS Secure Area.

B. The rating deviation data shall be made available to MIS to post a report on the MIS Secure Area.

C. No later than 0600 in the Day-Ahead, Dynamic Ratings Processor shall make the next 120 hours weather data assumptions used by ERCOTavailable to MIS to post a report on the MIS Secure Area.

D. Average monthly rating deviation shall be posted on MIS for the normal, emergency, and 15-minute ratings for each Transmission Element.


4. Supplementary Requirements

	Requirement ID
	DR-SR1

	Requirement Name
	No degradation in performance

	Requirement Type
	Performance

	Description:  There shall be no degradation in the performance of ERCOT systems as a result of the Dynamic Ratings Processor functions execution under full volume processing.
For all EMS applications using the Dynamic Ratings API, Dynamic Ratings Processor shall provide dynamic ratings for all transmission lines and autotransformers in less than 4 seconds.
Dynamic Ratings Processor shall calculate and send real-time dynamic ratings to SCADA in less than 5 minutes.
If Dynamic Ratings fails to finish the processing of one cycle for a configurable amount of time, it shall be aborted and restarted automatically, with an alarm issued to the operator.  



	Requirement ID
	DR-SR2

	Requirement Name
	Software Interfaces

	Requirement Type
	System and Communication

	Description:  The necessary software interfaces to EMS applications and data sources shall be modified to support the expected impacts to the Dynamic Ratings from other ERCOT components and from the Dynamic Ratings to other ERCOT systems components including but not limited to Outage Evaluation, Transmission Constraint Manager, Real-time Contingency Analysis, State Estimator, Study Network Analysis, SCADA, and Alarm.



	Requirement ID
	DR-SR3

	Requirement Name
	User Interface

	Requirement Type
	Usability

	Description:  The Dynamic Ratings supplier will be responsible for the development of the Dynamic Ratings displays as well as the any changes to the base product displays. ERCOT shall have review and approval right for all Dynamic Ratings displays. 




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)
	Covered by Requirement

	3.10.8 (1)
	Dynamic Ratings
	Partial
	DR-FR1

	3.10.8 (2)
	Dynamic Ratings
	Full
	DR-FR3
DR-FR6
DR-FR7

	3.10.8 (3)
	Dynamic Ratings
	Full
	DR-FR11

	3.10.8.1
	Dynamic Ratings Delivered via ICCP
	Full
	DR-FR1

DR-FR3

	3.10.8.2
	Dynamic Ratings Delivered via Static Table and Telemetered Temperature
	Full
	DR-FR1

DR-FR2

DR-FR3
DR-FR6

DR-FR7

DR-FR8

	3.10.8.3
	Dynamic Rating Network Operations Model Change Requests
	Partial
	DR-FR1

	3.10.8.4
	ERCOT Responsibilities Related to Dynamic Ratings
	Full
	DR-FR1
DR-FR2

DR-FR3

DR-FR4

	4.2.3 (b)
	Posting Forecasted ERCOT System Conditions
	Partial
	DR-FR11

	5.5.1 (4)
	Security Sequence
	Full
	DR-FR6

DR-FR9

	6.5.7.1.7 (1)
	Real-time Weather and Dynamic Ratings Processor
	Full
	DR-FR1

DR-FR3

DR-FR11

	6.5.7.1.7 (2)
	Real-time Weather and Dynamic Ratings Processor
	Full
	DR-FR11

	6.5.7.1.8 
	Overload Alarm Processor
	Partial
	DR-FR4

	6.5.7.1.13 (1) (e)
	Data Inputs and Outputs for the Real-Time Sequence and SCED
	Full
	DR-FR3
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