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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 the Outage Evaluation subsystem of the Energy Management System (EMS).

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 a 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 and Scope of this document

The primary purpose of this requirements specification document is to fully describe the external behavior of the Outage Evaluation subsystem.  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 specification are to:

· Specify mutually exclusive and collectively exhaustive set of requirements for the Outage Evaluation subsystem

· Ensure that the requirements are in compliance with the Nodal Protocols

· Ensure that the requirements are traceable to Nodal Protocols, NERC, FERC and any other applicable standards.

1.3 Scope

The scope of this document is requirements for Outage Evaluation in compliance with the Nodal Protocols published in May 2006, NERC, FERC and PUCT guidelines.  Requirements that would change the intent of the protocols, or that propose a design for the system, are 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 Outage Evaluation requirements are traceable to at least one of the following governing documents: Nodal Protocols, NERC standards, FERC guidelines, and PUCT documents.

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

2. Outage Evaluation Tool

This section provides an overview of the Outage Evaluation (OE) functionality, OE inputs and outputs, a catalogue of OE logical components, and assumptions made.  Detailed functional specifications are given in Section 3.

OE Introduction
ERCOT coordinates outage schedules to accommodate maintenance, repair, and construction of Transmission Facilities and Resources within the ERCOT System.  Specifically, ERCOT is responsible for the acceptance, approval or rejection of all planned outages, and for coordination of system aspects of the implementation of the approved outages.  On a routine basis, the number of outage requests that ERCOT receives is large. 

ERCOT must use reasonable efforts to approve in a timely manner and consistent with Good Utility Practice all the requested outages.  

The impact of the requested outages is assessed with the help of a computer model based simulation of the ERCOT power system involving use of expected loads, generation, and already approved and requested outages, and under normal and post-contingent conditions.  The setup, simulation, and analysis of the results are very time consuming tasks, both for the computer and for the analyst.  This document describes the requirements for Outage Evaluation (OE), a subsystem that is needed to make the task of an informed assessment of requested outages manageable.

Outage coordination process entails multiple tasks, and is supported by two main applications, Outage Scheduler and Outage Evaluation. Outage Scheduler, whose functionality is outside the scope of this document, is the main interface through which market participants communicate to ERCOT their requests for planned outages, and get from ERCOT current status of their requests.  In addition it serves as a repository of the previous requests and the request status changes.  

Outage Evaluation, which is the subject of this specification, is used for processing outages that require approvals.  Outage Evaluation shall be capable of modeling and simulating the ERCOT power system during the times covered by the requested outages.  OE shall be able to reflect the requested outages in the model of the ERCOT system; it shall be able to simulate commitment of MW and MVAR resources necessary to meet the load, reserve and VAR requirements; and it shall determine a generation profile that meets ERCOT security criteria.  Outage Evaluation shall also have the capability to calculate an expected cost of production with all outages accommodated, including transmission and resources, as well as provide sensitivities of this cost to each of the planned outages.  For cases in which overloads can not be avoided with all the requested outages being accommodated, Outage Evaluation shall determine sensitivities of flow violations to the outages.  

OE Scope
The Outage Evaluation function relies on running, manually or automatically, a sequence of power flow type studies to determine if any of the planned outages places ERCOT into an insecure operating state. OE shall also have a function to commit and dispatch MW and MVAR resources to satisfy ERCOT security criteria.  If for some reason the automatic program does not succeed in finding a secure operating state, OE shall produce a set of sensitivities relating the remaining overloads to the outages, and thus enable the Scheduler to assess which of the outage requests are the candidates for rescheduling.
In some instances, a secure state can be obtained, but at an exorbitant cost.  In these cases, again, some outage requests may need to be rescheduled.  To help with the selection of the candidates, OE shall produce sensitivities of the cost to the outages. 
To support these and the related business functions, the requirements listed in the following section are placed on the Outage Evaluation function.
2.1.1 Functional Requirements Overview 

· Provide a repository for all data required for the OE study cases.  Examples of this data include full network models, transmission element constraints, loads, generation, unit commitment and dispatch preferences, expected temperatures, load distribution factors, and program run options.   Applications external to OE are responsible for preparing, validating and uploading to the OE database (1) complete breaker level network models, (2) associated lists of contingencies and (3) Dynamic Ratings Static Table (RLT), which is a table of transmission element ratings as a function of ambient temperature.   OE shall provide other functions needed to collect and assemble the remaining data, as is specified further in this document. 
· For time slots for which the load forecasting function has only two values (high and low MW of the day), provide functionality to calculate hourly loads based on the generic daily load profiles, which are specific to each season.
· Provide facilities to upload the generic load profiles. 
· Provide facilities to upload generation commitment and MW profiles for resources and DC ties, for one or more time intervals.
· Provide facilities to assemble network topology, parameters, limits, loads, generation, contingency definitions, and run options into study cases for each required study interval. 

· Provide a study power flow function, with the capability to specify one or more time intervals for the study.  The power flow shall provide a valid solution for every condition that is physically plausible, even if prolonged operation in some of these conditions is not viable (e.g., there are overloads)
· Provide a contingency analysis function that can be configured to run on multiple time intervals in a single execution and to rank contingencies according to severity. The contingency analysis function shall provide a valid solution for every condition that is physically plausible, even if prolonged operation in some of these post-contingency conditions is not viable.
· Provide functionality to automatically commit generation MW and MVAR resources without considering startup and shutdown costs, and without using inter-temporal constraints.

· Provide functionality to compute security constrained generation profiles for one or more specified time intervals.  A security constrained generation profile shall be understood as a generation profile that produces an operating state for which ERCOT’s security criteria are satisfied, and the total price of production, computed from Typical Energy Offer Curves, is minimized.  Further elaboration on this functionality requirement is provided in Section 3. 

· For cases with a failure of the underlying power flow engine to solve, an automatic change of the convergence criteria, a number of iterations, or a similar technique shall be used and a rerun attempted to produce an approximate solution, along with an indication of the quality of that solution.  All the calculations that require a solved power flow case shall be able to use the approximate solution as a starting point, and associate with the results an indicator of the quality of the starting point, i.e. a solved case or a relaxed solved case.

· A summary report of all intervals without a full solution shall be produced to help in troubleshooting, e.g. the interval id, the worst power flow mismatches at the end of the power flow solution, the number of iterations, the total generation, total load and total losses, and the largest and smallest load and generation.

· Provide a capability to compute and display in a summary form a total production cost for each study interval based on the Typical Energy Offer Curves. 

· A capability to compute and display a summary report for all requested intervals of a sensitivity of the total cost to each scheduled and requested outage shall be provided. 
· For each overload provide sensitivities of the overload to each of the requested and the earlier approved outages, and for each critical contingency.  A capability shall be provided to limit the number of contingencies for the sensitivity calculation to a specified number of worst contingencies, with the ranking of severity determined by the contingency analysis function.

· The capability to produce, save and retrieve savecases shall be provided.  For the purpose of this requirement a save case is defined as a logical collection of all the data and execution options needed to make an OE analysis for one time interval.  The OE functionality shall ensure that the integrity of the save cases is maintained if the functionality of the OE allows independent access to the elements comprising the save case.
· OE shall perform analysis of contingency results on all studied intervals, and provide a summary of the results, listing the intervals with violations along with the information on overloaded elements for each contingency.    

· OE shall, on demand, produce a report and/or a display of time intervals on which all requested outages can be satisfied without security problems.  These intervals will be called Outage Feasible Intervals.  A display of the outages entirely contained within Outage Feasible Intervals shall be provided, along with a capability to interactively flag any or all of them as approved. 
· OE shall provide displays of overload results in a descending order of the percentage overloads on transmission elements.  For each overloaded element, list all the contingencies causing the overload.  A capability to limit the number of reported contingencies to a given number of worst contingencies relative to a given overload shall be provided.
It is expected that requirements of this type, when implemented, are going to be packaged within several major software components.  Figure 2-1 depicts a conceptual diagram of the components that may implement the requested functionality.  The diagram is used only to specify, in Section 3, the detailed functionality of OE through a description of each of its blocks.  The intent is expressly not to constrain the vendor of the OE software to this exact partition, for as long as all the functions are implemented in the aggregate with whatever components are most suitable to the vendor’s implementation.  
One of the most critical computational components in OE is computation of secure states.  Figure 2-2 depicts a conceptual diagram of computational flows involved in computing secure states.  The block labeled “Secure MW and MVAR Profile” in Figure 2.1 provides the main computational capability for blocks “Find Secure MW and MVAR profiles for base case”, “Contingency Specific RAPs”, and “Preventive Actions” of Figure 2-2.

The intent of  the diagram in Figure 2-2 is again to aid in describing the desired functional capabilities, it is not to mandate a particular implementation approach.
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Figure 2-1: Outage Evaluation Conceptual Diagram
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Figure 2-2: OE Secure Profile Computation - Conceptual Diagram

2.1.2 OE Input and Output Summary 

This section provides a summary of inputs and outputs of the Outage Evaluation.    

2.1.2.1 Inputs

From NMMS: Breaker oriented network models, Contingency definitions consistent with each full network model, SPS and RAP, and Dynamic Ratings Static Table. 

From Outage Scheduler: Outages for the study time periods that have status Received, Study, Approved, or Accepted.

From Mid and Long Term Load Forecasts: Hourly load forecast (for the mid term), and daily load forecast, with daily high and low, for the long term.
From Dynamic Ratings: Dynamic Ratings for transmission lines. 

From Market Management System (COP): The generation in/out–of-service status.
From EMS: Load Distribution Factors.
Various File Uploads: Resource cost information; Active power generation profile for all generators; Seasonal load profiles; Average daily high and low temperatures, per weather zone (for use in predicting dynamic ratings beyond 21 days), and DC tie schedules. 
2.1.2.2 Outputs 
To Market Participant Operations Testing Environment (MOTE):  Savecases with the corresponding outage identifier

To Outage Scheduler:  List of approved outages.

2.1.3 OE Logical Components
The OE tool consists of the following main functions, as depicted in Figure 2-1:
· Case Setup
· Power Flow

· Contingency Analysis

· Priority List Unit Commitment 

· Secure Generation Profile

· Outage Sensitivity Analysis
· Outage Cost Calculation
· Save Case Management
· Display Information Management
Assumptions and Dependencies

The functionality and requirements specified in this document are based on the following assumptions and preconditions:

a. A function outside the OE tool is responsible for all the tasks resulting in a placement of validated network models, associated contingency definitions, load distribution factors, and Dynamic Ratings Static Tables into the Study Case Repository.  
b. OE shall be based on the simulation of static power system models.  Hence, no voltage or transient stability analysis will be made as part of the OE task.  Any case that does not solve will be studied outside of Outage Evaluation.
c. In the Priority List unit commitment no temporal constraints, such as the time coupling between different time intervals, startup and shutdown costs, and minimum up/down times are required.
3. Functional Requirements

This section describes detailed functional requirements for OE.  These functions correspond to processes P-1 and P-2 of the Level 3 Outage Evaluation diagram (Figure 3-1).  Accordingly, the description of required OE functions is divided into groups that correspond to these two processes.  
Within these groups, a further grouping of functions is performed according to a partition of the OE functionality into logical components as presented in Figure 2-1.  As a consequence, level 2 headings in this section correspond to the blocks of Figure 3-1, and level 3 headings to the blocks of Figure 2-1.
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Figure 3-1: Level 3 Outage Evaluation Diagram

As noted in Section 2.1, the OE implementation does not have to follow this exact model as long as all the specified functions are provided.
3.1 Business Sub-Process 1 (P-1):  Create Generation Profile
Please see Figure 2-1 for a view into the context of the functions described in the following subsections. 
3.1.1 Typical Energy Offer Curve Calculation

	Requirement ID
	OS-FR0

	Requirement Name
	Typical Energy Offer Curves Calculation

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.11; 4.4.9.4.1; 5.6.1

	Traceability to Sub-Process Maps
	Typical Price Calculator

	Sub-Process Element Coverage
	Partial

	Description:

Typical Energy Offer Curves shall use Verifiable Costs, computed from Verifiable Heat Rate curves and a user provided Fuel Index Price, when the verifiable cost data is available, and is derived from historical bid data when the verifiable cost data is not available.  
When Typical Energy Offer Curves is derived from historical records, the curve shape and its parameters shall be defined through an optimal data fitting process, with the constraint that the curve must satisfy the requirements of the ERCOT nodal market protocols as an energy offer curve.  The number of months of historical records to be used as the data in the optimal data fitting shall be a database adjustable parameter.  The system shall segregate historical records into seasonal groups of data, and for each group it shall formulate and solve a mathematical problem of finding a best fit curve to the historical records.  The first segment of the curve shall start from the minimum operating point, and the last segment shall extend to the capacity of the unit. 
For units that do not have sufficient historical records, an average offer price of all units of the same type shall be used.  The results of the computations shall be maintained in the OE internal database until new re-calculations are carried out.
It shall be possible to display and manually edit resulting Typical Energy Offer Curves for all units.  Typical Energy Offer Curves constitute an integral part of OE data and shall be included in OE save cases.




3.1.2 Case Setup
	Requirement ID
	OS-FR1

	Requirement Name
	Case Setup

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.1 (2), 3.1.5.11, 3.1.5.9, 3.1.6.2

	Traceability to Sub-Process Maps
	Create Generation Profile

	Sub-Process element coverage
	Partial

	Description:
The Case Setup module of the OE function shall be responsible for coordinating the activities required to assemble study cases in the Study Case Repository that are needed to run outage evaluation over the specified time intervals.  Specific requirements are as follows:   

1. Support analysis of different time periods by providing a capability for the user (Scheduler) to specify desired dates and hours of the study. The studies may extend beyond 100 days into the future. The user controls the  study intervals, i.e. several hours per day, or just one, by specifying the desired study dates and hours. 
2. Using the ERCOT mandated technology for interconnecting computer systems, Case Setup shall acquire the data it is responsible for acquiring from the source systems, and store it in the Study Cases repository.  After study intervals are specified, Case Setup shall assemble and incorporate into study cases all the data required to support the study, and label the cases in a user meaningful way, at a minimum identifying the intended day and hour of the study, and the time the case was created. 
3. Case setup shall accommodate the following model components:

a. Breaker oriented network model 

b. Contingency definitions

c. Dynamic Ratings Static Table (used for developing dynamic ratings)

d. SPS, RAP and Rollover support data

e. Outages appropriate for the study from the Outage Scheduler

f. Mid-Term Load Forecast

g. Long-Term Load Forecast

h. Load Distribution Factors

i. Daily load profile

j. Dynamic Ratings
k. High and low temperature forecasts

l. Daily temperature profiles, constant over a season

m. Generator Statuses as per Current Operating Plan (for the periods covered by COP)
n. Externally provided generation profiles, when these are provided. 
o. Averaged Energy Offer curves

p. DC Tie Line Schedules 
4. Case Setup component of OE interacts with the following systems:

a. NMMS:  NMMS updates validated full network models, associated contingencies, and Dynamic Ratings Static Tables to the Study Case Repository, whose data is then used by OE.  

b. Outage Scheduler: OE imports transmission and resource outages that are approved, accepted, or requested to be approved in the desired time intervals if not covered by COP.  The OE database shall maintain the outage type and the outage’s unique identification to cross reference it to the Outage Scheduler. The detailed information on the outage is maintained in Outage Scheduler and shall be accessible through the outage unique identifier linkage. 
c. Mid and Long Term Load Forecast: import hourly load forecasts for up to 8 days, and daily high and low beyond 8 days.  For days where only high and low MW forecasts are available, Case Setup shall apply daily load profile to get hourly forecast values.

d. EMS: import Load Distribution Factors for the studies within 21 days.
e. NMMS: import averaged, seasonal Load Distribution Factors to be used for studies 21 days or more into the future 
f. Dynamic Rating Function: The Case Setup function shall be configured to automatically select hourly ratings from the dynamic rating function for all the days and hours of study that have the data in the Dynamic Rating function.  For the days beyond the time frame covered by the Dynamic Rating function, OE shall calculate the dynamic ratings to be used for each requested interval using uploaded daily high and low temperatures and the Dynamic Ratings Static Table.  Note: (A current assumption is that the Dynamic Rating function will provide hourly ratings for up to 7 days.  Beyond this date, to produce hourly temperatures, OE shall interpolate high and low daily temperatures using seasonal temperature profiles.)  
g. A capability shall be provided to import an externally generated file with average daily high/low temperatures and daily temperature profiles, one per season. 
h. Current Operating Plan (from Market Interface Database): a capability shall be provided for importing generation in/out–of-service status for the days they are available for (currently up to 7 days into the future).
i. File upload: It shall be possible to import generation profiles for any specified period of time, to be used as initial generation values.

j. File upload: It shall be possible to import DC tie line MW schedules.  It shall also be possible to manually enter or edit the existing DC tie schedules.



3.1.3 Study Cases Repository
	Requirement ID
	OS-FR2

	Requirement Name
	Study Case Repository

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.1 (2), 3.1.5.11

	Traceability to Sub-Process Maps
	Create Generation Profile

	Sub-Process Element Coverage
	Partial

	Description:

This module provides a repository of data from which the study cases are composed, and into which the results of studies are saved. 
1. Study Case Repository shall maintain elements from which study cases are composed, as well as the information that links logically the elements into a case. The relevant information includes imported data, applied manual edits and entries, including run options, and study results.
2. It shall be possible to retrieve and present on displays a summary and detailed information about the cases stored in the Study Case repository.
3. Facilities for purging cases from the repository shall be provided.  



3.2 Business Sub-Process 2 (P-2):  Study, identify violations and link to outages
Figure 2-1 shows a context for the functions described in the following subsections. 
3.2.1 Multi-case Executive

	Requirement ID
	OS-FR5

	Requirement Name
	Multi-case Executive

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

Multi-case Executive shall have the capability to coordinate outage evaluation tasks required to conduct an analysis for one or multiple time steps, and using a combination of the following major components:

· Power Flow

· Contingency Analysis

· Priority List Unit Commitment (PLUC)

· Secure Generation Profile

· Outage Cost Calculator

· Overload Sensitivity Calculator 

· Outage Cost Sensitivity Calculator.

A typical sequence of computations using these components is shown in Figure 2-2 Multi-case Executive shall automatically configure execution sequences appropriate to the data available for each selected interval.  For example, for intervals where the resource commitment status is available from the Current Operating Plan it may not be necessary to run Priority List Unit Commitment, and hence on these intervals PLUC shall not be selected by default.  However, a user interface shall be provided to display the selected execution options for each selected interval, and to allow a change of the options that are consistent with available data.  For example, normally Priority List Unit Commitment and Secure Generation Profile will be used to set up the generation profile, but occasionally Scheduler may wish to run Power Flow, to validate or make changes in the case. 
This function shall provide the capability to store the results of the analysis.  
It shall also automatically analyze study results in order to extract a summary of the results, identifying:

· All time intervals with unresolved security issues
· All outages completely contained within intervals that can be accommodated without any violations
· Sensitivities of overloads to outages
· The expected cost for each of the intervals

· Sensitivities of the cost to the outages

· The impact of each outage on the violations, when these can not be avoided.




3.2.1.1 Power Flow

	Requirement ID
	OS-FR3

	Requirement Name
	Power Flow

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage 
	Partial

	Description:

Study Power Flow (PF) shall use as input the savecase pertinent to the specified time period.  Load profile shall be applied as per the Case Setup configuration. By default, Generation commitment and dispatch shall be used to set up the generation for the target intervals. 
Study PF shall solve the breaker oriented model for the specified study time periods. PF shall produce a complete solution for the power system model, including bus voltages angles and flows. 
The PF user interface shall provide information on non-converged cases, including a list of stations with the most severe convergence problems, and the solution statistics such as the number of iterations, bus mismatches, and any other information that can help in identifying the causes of convergence problems. 

For additional details on the power flow function please refer to the document Texas Nodal Energy Management System Requirements Specification for Network Security and Stability Analysis.




3.2.1.2 Contingency Analysis

	Requirement ID
	OS-FR4

	Requirement Name
	Contingency Analysis

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

Study Contingency Analysis (CA) shall evaluate network security by evaluating the effect of potential conditions (“contingencies”) within the modeled power system by reconfiguring power system devices according to the contingency specification, and by solving the resulting network model. Flow and voltage violations shall be evaluated, and the severity of the analyzed contingencies shall be ranked based on reliability ranking criterion. For additional details of Contingency Analysis functionality please refer to the document: Texas Nodal Energy Management System Requirements Specification for Network Security and Stability Analysis.

CA shall use the cases for one or more pre-specified time intervals.  CA shall model and solve for SPS, RAP, load shedding, and load rollover.  
Displays summaries over all study time intervals shall be provided.  The following display options shall be provided:

· A sorted list of overloads by severity along with the associated contingencies. For each violation, the time interval, pre- and post-contingency values, as well as the violated limits shall be displayed.  If there are multiple contingencies causing an overload, all such contingencies shall be listed in a descending order of their severity, up to a user provided maximum number of contingencies. 
· Contingency cases sorted by severity that did not converge, or that have non-converged islands.

· Contingency cases sorted by severity that cause islanding or isolated equipment.

· Contingency cases sorted by severity that caused bus splits.



3.2.1.3 Priority List Unit Commitment.

	Requirement ID
	OS-FR6

	Requirement Name
	Priority List Unit Commitment

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

The Priority List Unit Commitment (PLUC) function shall commit energy resources that can supply expected load requirements plus pre-specified reserves for a user-defined study period. The objective of the PLUC function shall be to minimize the total system production cost based on the average energy offer curves. Unit startup/shutdown costs, minimum up/down times, and temporal constraints do not need to be considered. 
It shall be possible to:
· Designate a unit as Must Run, i.e. the unit is forced on-line. 
· Unavailable, i.e. the generating unit is off-line and unavailable for startup and not contributing to reserves.

· Observe area generation constraints, i.e. limit the total MW output of a pre-specified group of generators.  




3.2.1.4 Secure Generation Profile.

	Requirement ID
	OS-FR7

	Requirement Name
	Secure Generation Profile

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

This function shall compute MW outputs of generating resources to minimize the production cost based on the Average Energy Offers, and to satisfy ERCOT’s network security criteria. Note (It is anticipated that this function will use a linearized network model.  If the program requires linearizations of flows as a function of  generation, and for various contingencies, the exact location where this is performed  within OE is not specified, but it is required that the effects of SPS, RAP and load rollover are represented in any such linearizations.)  This function shall be configurable, through an automatic specification of resource constraints and network model constraints by the OE, to provide generation profiles as follows:
· To satisfy base case security criteria.  It shall not be necessary to provide an initial generation profile, but if one is provided, it shall be used.
· To satisfy security criteria following a given critical contingency.  Note that other functions within the OE are responsible for identifying what contingencies are critical, and for providing appropriate models of constraints.  In this case the starting point is the generation profile of the secure base case.  Generating resources shall be allowed to move from this base case value within a ramp limited range corresponding to a configurable time horizon, initially 15 minutes.

· To satisfy, in a preventive fashion, the base case and all post-contingency constraints simultaneously.  Generation shall be constrained by its operating capability.  Other functions within the OE shall provide the constraints on resources and the necessary models of transmission constraints to be used by this function. 

This function shall also be able to commit VAr resources needed to keep voltages within pre-specified boundaries. 


3.2.1.5 Outage Cost Calculator

	Requirement ID
	OS-FR8

	Requirement  Name
	Outage Cost Calculator

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.1 (1), 3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

Outage Cost Calculator shall calculate the combined cost of accommodating all outages. The cost of outages shall be a difference of two production costs: the cost for the secure system with all the requested outages accommodated, and the cost for the secure system without any of the requested outages, but including approved outages. 



3.2.1.6 Overload Sensitivity Calculator

	Requirement ID
	OS-FR9

	Requirement Name
	Overload Sensitivity Calculator

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.1 (1), 3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

Sensitivity Calculator shall calculate sensitivities of each violation to each requested outage, for each contingency causing that violation.  The results over all study intervals shall be summarized in a descending order of violations, by user selectable percentage or MW values, and for each violation in a descending order of the sensitivity to outages, with an option to specify a threshold to include only sensitivities above that threshold.  Also, it shall be possible, at a user expressed preference, to display these results in a sequential order of studies time intervals, or sorted in a descending order of time intervals with the most violations. 



3.2.1.7 Outage Cost Sensitivity Calculator

	Requirement ID
	OS-FR12

	Requirement Name
	Outage Cost Sensitivity Calculator

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.1 (1), 3.1.5.11

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

Outage Cost Sensitivity Calculator shall calculate sensitivities of the outage cost to each of the approved and requested  outages that are that have a user specified flag set.  A summary of results shall be created.  It shall be possible to display this summary in a descending order of the impact of outages on the cost.



3.2.2 User Interface Functions
	Requirement ID
	OS-FR10

	Requirement Name
	User Interface Functions

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.1 (2), 3.1.4.3, 3.1.4.4 (2), 3.1.4.7 (2), 3.1.5.1 (2), 3.1.5.6 (2) (3), 3.1.5.9, 3.1.6.2, 3.1.6.4, 3.1.6.5 (2) (3), 3.1.6.8, 3.1.7

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:

1. The OE shall have dedicated graphical user interface to perform all functions required for setting up case studies, manually editing all data, running OE studies, reviewing and saving the results.  
a. For all edits, a means of recovering the starting data shall be provided. 
2. OE shall perform an analysis of the contingency results from all study intervals, and provide summaries of the results listing the intervals with security violations, along with the information on overloaded elements for each contingency.  
a. The means to organize results by different criteria, including by study interval, by cost, by the magnitude of unresolved security problems, by sensitivity of costs to outages, by the sensitivity of overloads to outages, by solution success or issues, by the number and magnitude of security violations per outage - shall  be provided. 
b. OE shall provide different filters by which the information can be managed, .e.g. display sensitivities above a user provided thresholds. 

c. The detailed results shall display all essential information on outages and security violations to help the Outage Coordinator perform an analysis of the results in an efficient manner. The displayed outage information shall include at least the outage unique identifier and type.  It shall be possible to navigate from the outage unique identifier to the outage details maintained in the Outage Scheduler (e.g. equipment involved, nature of work, start/end date, contact information, scheduling flexibility, etc.). The outage/violation list shall flag outage types that require special attention (e.g. short notice outage, opportunity outage, reliability resource outage).

3. Displays to allow the use of OE results for managing outages shall be provided:

a. It shall be possible to assign notes to any of the outages.  

b. Each outage shall have OE specific attributes to track its OE status.  It shall be possible to manually assign the outage status as:

i. Approved

ii. Pending, further analysis required (a default value).  The “pending” outages shall represent a working list of outages that require further evaluation or negotiation with the concerned parties.
Upon change of this status, the system shall capture the time and the user ID of the Scheduler making the change, and associate this information with the outage. 
c. The Outage Coordinator shall have the ability to choose outages with the OE approved status, individually or as a whole, and transfer them on demand to the Outage Scheduler, where the outages will be automatically approved.    The Outage Coordinator will make an effort to reconcile the problematic outage(s) with the party who requested the outage(s) and may re-schedule them if necessary through negotiations with the concerned parties. Finalized outage approvals/rejections will be communicated to TSP via Outage Scheduler.

4. The results of the OE shall be available for review, modifications, and navigation to outage details from an OE Dashboard display summary.

5. The capability to print multi page displays with one command shall be provided. 



3.2.3 
Savecase Manager 

	Requirement ID
	OS-FR11

	Requirement Name
	Savecase Manager

	Source Mapping (Protocol/NERC/FERC and other binding documents Ref #)
	3.1.5.13

	Traceability to Sub-Process Maps
	Study, identify violations and link outages

	Sub-Process Element Coverage
	Partial

	Description:
In order to provide a better understanding of decisions taken by ERCOT with respect to outage approval/rejection, the Savecase Manager shall be configurable to allow manual or automatic saving in MOTE of all savecases associated with the studied outages. The Outage Coordinator shall have capability within the OE system to manage (i.e. rename, delete, add, and retrieve cases) savecases in MOTE.




3.3 Input/Output Sub-processes
3.3.1 OE Inputs

Table 3-1 lists inputs to OE from various systems.
Table 3-1: OE Inputs

	Source
	Data

	NMMS 
	1. Breaker oriented network model cases including:

a. Definitions of network elements

b. Topology connectivity

c. Impedances

2. Contingency definitions including:

a. Equipment Outages (e.g. transmission line outage, generator outage, etc)

b. Breaker Outages

c. Common Outages (i.e. several breaker and/or equipment outages for a common area that can be grouped as one equipment or facility outage)

d. Load Rollover
3. Dynamic Ratings Static Table
4. SPS and RAP

	Outage Scheduler
	Outages for the study time periods.  The outage data shall include:

· Outage Type

· Unique Identifier 

· Outage Status

· Outage planned start and end date 

	Mid and Long Term Load Forecast
	Mid-Term Hourly (i.e. 24 per day) load forecast (MW) for the period of 8 days.

Long-Term Daily load forecast (one per day) for the time period 9 days and beyond
· Minimum load in MW

· Maximum load in MW

	Dynamic Ratings
	Dynamic Ratings (MVA) for transmission lines for the period of 21 days (one per hour). For the periods beyond 21 days, OE shall calculate appropriate ratings based on Dynamic Ratings Static Table and the forecast average high temperatures for each day of the study. 

	Market Database
	The generation in/out–of-service statuses for the period of 7 days (one per hour and generator) based on Current Operation Plan. 

	Generation Profiles – file upload 
	Active power generation output (MW) for all generators for a specified time period of the study (typically for beyond the time COP is available).

	EMS
	Load Distribution Factors


3.3.2 OE Outputs
Table 3-2 lists outputs from OE to various systems. 

Table 3-2: OE Outputs

	Destination
	Data

	Market Participant Operations Testing Environment (MOTE)
	Savecases for all studied outage cases with the corresponding outage identifier

	Outage Scheduler
	List of approved outages with their unique identifier. 


4. Supplementary Requirements

This section contains performance and storage requirements specific to the OE function. 
4.1 Performance
	Requirement ID
	OE-SR1

	Requirement Name
	Execution time

	Requirement Type
	Performance

	Description:  A complete run of OE for one time interval, including computation of a Priority List unit commitment and base case evaluation shall take no longer than 15 seconds. The run time does not include an update of the model by NMMS, but it does include the steps of reading the necessary data from the Study Cases Repository, doing the computations, storing the results back to the Study Cases Repository, and producing any required displays and reports. The OE system shall take no longer than 30 minutes run time to process 24 study intervals for outages that require approval by the user.   



4.2 Storage Requirements

	Requirement ID
	OE-SR2

	Requirement Name
	Study case storage

	Requirement Type
	Storage

	Description:  The Study Cases repository shall be sized to support at least 100 OE specific static network models, and at least 426 cases.




5. Prtocol Coverage

	Protocol Sub-Section # (To the lowest level of granularity as possible)
	Description
	Coverage by Requirements

(Full/Partial)
	Coverage by Requirements



	3.1.1 (1)
	Good Utility Practices guideline
	Partial
	OS-FR8, OS-FR9

	3.1.1 (2)
	ERCOT responsibilities
	Partial
	OS-FR1, OS-FR2, OS-FR10

	3.1.4.3
	Review and approval of outages
	Partial
	OS-FR10

	3.1.4.4 (2)
	Adjustment of outage approval – normal conditions
	Partial
	OS-FR10

	3.1.4.7 (2)
	Adjustment of outage approval –emergency conditions
	Partial
	OS-FR10

	3.1.5.1 (2)
	Approval/rejection notification
	Partial
	OS-FR10

	3.1.5.6 (2) (3)
	Outage rejection or reschedule
	Partial
	OS-FR10

	3.1.5.9
	Outage for Inclusion in outage requests
	Partial
	OS-FR1, OS-FR10

	3.1.5.11
	Evaluation of outage requests
	Partial
	OS-FR1, OS-FR2, OS-FR3, OS-FR4, OS-FR5, OS-FR6, OS-FR7, OS-FR8, OS-FR9

	3.1.5.13
	Saving savecases studies on MOTE
	Partial
	OS-FR11

	3.1.6.2
	Resources outage plan
	Partial
	OS-FR1, OS-FR10

	3.1.6.4
	Approval of changes to resource outage plan
	Partial
	OS-FR10

	3.1.6.5 (2) (3)
	Evaluation of proposed short noticed resource outage.
	Partial
	OS-FR10

	3.1.6.8
	Opportunity outage
	Partial
	OS-FR10

	3.1.7
	Reliability resource outage
	Partial
	OS-FR10
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