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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 Voltage Support Services 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 functional behavior of the Voltage Support Services.  It also describes nonfunctional requirements, design constraints, and other factors necessary to provide a complete and comprehensive description of the requirements necessary to design and develop the corresponding software systems.

1.2 Objectives

The objectives of this requirements specification are to:

· Specify mutually exclusive and collectively exhaustive set of requirements for Voltage Support Services
· Ensure that requirements are in compliance with the Nodal Protocols

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

1.3 Scope

The scope of this document is to define requirements for Voltage Support Services Subsystem to be in compliance with the Nodal Protocols published in May 2006, NERC, FERC and PUCT guidelines.  To ensure compliance the designers and developers of the systems are required to read and understand the Nodal Protocols. However, a design for the system is outside the scope of this document.  

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 Voltage Support Services 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 Process Map (Fig. 2-1) that describes the Voltage Support Services applications.
These requirements are based on the May 2006 version of Nodal Protocols and NERC, FERC, and PUCT requirements approved as of May 2006.

2. Voltage Support Services
This section presents an overview of the Voltage Support Services (VSS) and its major logical components.  Detailed functional specifications are given in Section 3. 

2.1 Proposed System Scope

The primary purpose of the VSS function is to provide preventive and corrective control plans, in the real-time and a study mode, to ensure acceptable voltage profile of the ERCOT transmission grid.
The main requirements in the scope of VSS include:

· Establish a corrective plan for base case constraints violations
· Establish corrective plans for each harmful contingency
· Establish a preventive plan for all harmful contingencies considered together.
Voltage Support Services shall have the functionality to find a plan for using the available reactive power resources within their operating limits, and, so that, when implemented, the base case systems, as well as the post-contingency conditions are all secure.  VSS shall perform this function for a real-time ERCOT system, or for a planned system modeled in a study environment.   The overview of the VSS processes is presented in Fig. 2-1.
ERCOT envisions that this application will be used by two separate user groups.  

The first set of users includes ERCOT transmission system operators.  System operators will use this tool as a part of the real-time sequence to recommend preventive actions to avoid voltage violations, or post-contingency voltage violations, usually by switching reactive devices, tapping transformers, or adjusting generator voltage set points.  Since none of these actions affect energy dispatch, they are separate from the Security Constrained Economic Dispatch (SCED) market functions.  Occasionally a voltage violation may not be corrected through control by reactive devices alone.  In these cases, the VSS functionality may generate a constraint which may be passed to the Transmission Constraint Manager (TCM)/SCED functions for resolution. 

The second set of users includes ERCOT Operations Engineers responsible for establishing ERCOT generator voltage set points for short term studies.  This set of users will use the VSS functions in a study mode to recommend voltage set points for each generator which eliminate or minimize post-contingency voltage violations. The delivery of PSSE case to the Market Participants will be carried out by ERCOT upon request.
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Fig. 2-1 Voltage Support Services Process Map
The VSS computations shall be based on using a solved power flow type model of the ERCOT electric system, from which it shall get the voltage and MVAR violations, and for which it shall find the controls that eliminate all voltage and MVAR constraints.  The controls that the program uses to satisfy the operating constraints are reactive power sources that can be either switched on or off, as is the case with switched capacitors and reactors, or that can be continuously adjusted as is the case with generator Automatic Voltage Regulators, LTC, SVC, and FACTs devices. (The assumption is that AVR is always on when the unit is in service.)

The flow of computations and creation of the specific outputs shall be governed by the ERCOT Operator through the options that can be entered through a user interface.
In solving the optimization problem, VSS searches within a set of control actions that provide a power network state which satisfies the specified system limits in the base case and post-contingency conditions.   VSS shall find the solution by using either the penalty on the shift of controls from the pre-specified positions, or on the number of controls, as the objective function to be minimized.  The parameters defining the penalties for use in the objective function shall be user enterable. 
VSS shall be responsible for all the tasks required to process a given input save case, and produce the required controls according to the specified objective function. 

Section 3 specifies in detail the types of constrains, controls, contingency considerations, and the user options that VSS shall support.  
2.2 Input/Output Sub-processes

2.2.1 Voltage Support Services Inputs

VSS function uses save cases as the source of most of its data, as specified in Table 2-1.  The following data from a save case shall be used in VSS; 
· Static network model, 
· Load MW and MVAR
· Generation, MW and MVAR output
· Bus KV limits, 
· MVAR limits of reactive sources, 
· Tap limits of LTCs,
· Capacitor bank limits and step sizes.   
Table 2-1 lists inputs to Voltage Support Services from various systems.

Table 2-1 Voltage Support Services Inputs

	Source
	Data

	Operational Models
	1) Limits 
a) Area Reactive Reserve Requirement and reactive area definitions
2) Shift penalty costs for the following controls 
a) Shunt capacitors  (On/Off)

b) Shunt reactors  (On/Off)

c) Regulated Bus Set points  (Volts)

d) LTC (transformer  tap position) 

e) STATCOM, SVC or other VAR supporting FACTS (Voltage setpoint)

f) Line or Transformer (Open/Close)

g) Units (MVAR)

h) Units (MW)
It shall also be possible to specify control priority per class of controls. The controls on one priority level are all used to resolve constraints before any controls from the higher level are used, until all constraints are satisfied.  The user shall be able to change a control priority on individual control basis.  One of the priority levels shall signify that controls of that type are not to be used at all in the solution. 

	State Estimator
	3) Base case
4) Voltage Violations: 

	Power Flow
	5) Power Flow Case

6) Voltage Violations

	Contingency Analysis
	7) Contingency Case (base case and contingency definitions)

8) Post-Contingency Voltage Violations


2.2.2 Voltage Support Services Outputs

Table 2-2 lists outputs from Voltage Support Services to various systems. 

Table 2-2 Voltage Support Services Outputs

	Destination
	Data

	Market Information System (MIS)
	Voltage Profile setpoints (KV) and on/off status of reactive devices, and LTC taps.

	Transmission Constraint Management TCM
	Generation (MW) Constraints

	Control Actions Archive
	List of control actions generated by VSS

	Market Operations Test Environment (MOTE)
	VSS savecases


.
Functional Requirements

Specific functionality, input and output requirements for VSS are given in this section. 
	Requirement ID
	VS-FR1

	Requirement Name
	Control Variables

	Protocol Reference
	Section(s) 3.15 (1), 3.15.1 (1); 3.15.1 (2); 3.15.1 (3);  6.5.7.7

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2, Fig. 2-1 (P-1), (P-2)

	Sub-Process Element Coverage
	Partial

	Description:  
FR172 Voltage Support shall use the following controls, subject to their switching priorities:
1) Shunt capacitors  (On/Off)

2) Setpoints for local control of capacitor banks (Voltage to switch on / Voltage to switch Off)

3) Shunt reactors  (On/Off)

4) Regulated Bus Set points  (KV)

5) LTC (transformer discrete tap position) 
6) Static Var Compensator and VAR supporting FACTS  devices (Voltage setpoint)

7) Line or Transformer (Open/Close)

8) Units (MVAR)
9) Units (MW)

(Note: The ERCOT Operator in coordination with TSP shall determine the actual controls based on the VSS results.)

It shall be possible to suppress control action (e.g. through priority equal 0) in VSS.

For on/off devices and LTCs, it shall be possible to penalize too frequent status changes for the same device by monitoring the number of their status changes in a window of time. Penalty to the cost of using each control in proportion to the number of the recent status changes.  The parameters for penalizing switching shall be user adjustable. 



	Requirement ID
	VS-FR2

	Requirement Name
	Constraints

	Protocol Reference
	Section(s) 3.15 (1); 3.15.1 (1); 3.15.1 (2); 3.15.1 (3)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (P-1), (P-2)

	Sub-Process Element Coverage
	Partial

	Description:
FR172 The following constraints shall be modeled and enforced.

1) Bus Voltage Limits (high and low)
2) Area Reactive Reserve Requirement

3) Unit Reactive Limits
4) Shunt Reactive Capacity Limits
5) FACT device limits
6) Maximum and Minimum tap positions
The pre-contingency solution shall be checked against the pre-contingency limits. The post-contingency solution shall be check against the post-contingency limits.




	Requirement ID
	VS-FR3

	Requirement Name
	Objective Function and the model

	Protocol Reference
	Section(s) 3.15 (1); 3.15.1 (1); 3.15.1 (2); 3.15.1 (3)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (P-1), (P-2)

	Sub-Process Element Coverage
	Partial

	Description:
The objective function for Voltage Support shall be a function that penalizes the shift of controls from the base case value and penalizes the total number of controls used.   Penalty costs for all controls and the total penalty cost shall be displayed to the ERCOT Operator. 
It shall be possible to configure through a user input the penalty costs of changing different controls, by class, as well as individually. 



	Requirement ID
	VS-FR4

	Requirement Name
	Model

	Protocol Reference
	Section(s) 3.15 (1);

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-1), (I-2)

	Sub-Process Element Coverage
	Partial

	Description:

The VSS shall be triggered by voltage security violations and use the corresponding model, which can be any of the following:

1) SE base case
2) PF case

3) CA case 

By default, VSS shall run in a preventive mode.

If the solution cannot be found in the preventive mode (with more tolerant limits, e.g. +/- 10% on bus voltage magnitudes), a solution shall be searched in the corrective mode.

It shall be possible for the user to disable certain contingencies.  In that case, VSS shall not use any of the violations caused by the suppressed contingency in its solution.  This feature may be used, e.g. in the case VSS cannot resolve security violations for certain contingencies. These issues will be resolved by the production support engineers.




	Requirement ID
	VS-FR5

	Requirement Name
	SPS/RAP  Model

	Protocol Reference
	Section(s) 3.10.7.3

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-2), (P-2)

	Sub-Process Element Coverage
	Partial

	Description:
FR173 The Special Protection Scheme (SPS) and Remedial Action Plan (RAP) models shall be incorporated as part of the Voltage Support for Real-time and Study Mode.  The vendor shall propose a method of incorporating SPS in VSS, subject to ERCOT approval.



	Requirement ID
	VS-FR6

	Requirement Name
	Load Rollover Model

	Protocol Reference
	Section(s) 3.10.7.1.3 (3); 3.10.7.2 (7)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-2), (P-2)

	Sub-Process Element Coverage
	Partial

	Description:

FR173 The load rollover functionality shall be correctly interpreted by Voltage Support Services for Real-time and Study Mode.



	Requirement ID
	VS-FR7 –  REQUIREMENT REMOVED

	Requirement Name
	Multiple Generator Reactive Curves

	Protocol Reference
	None 

	Coverage of Protocol
	None

	Traceability to Sub-Process
	None

	Sub-Process Element Coverage
	None

	INTENTIONALLY  LEFT  EMPTY 


	Requirement ID
	VS-FR8

	Requirement Name
	Voltage Support Save Case 

	Protocol Reference
	Section(s) 3.15.1 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-5)

	Sub-Process Element Coverage
	Partial

	Description:
Upon each execution of the FR173 Voltage Support function, a save case shall automatically be created if the corresponding status of Operator entered flag is true.  An ERCOT defined naming convention shall be used to automatically create save cases, which will allow to easily distinguish the cases by creation date.
It shall be possible to manage the list of save cases, e.g. sort the list, search the list, delete from the list. It shall be possible to retrieve an existing save case manually, modify and re-run the save case in a study mode, and then save it manually if necessary.
In addition to archiving save cases in VSS system, it shall be also possible to send and save in Market Operations Test Environment (MOTE) all save cases associated with the studied cases.  Sending savecases to MOTE shall be configurable to carry out the savecase transfer either in manual or in automatic mode. The ERCOT Operator shall have capability within the VSS system to manage (i.e. rename, delete, add, and retrieve cases) save cases in MOTE.




	Requirement ID
	VS-FR9

	Requirement Name
	Triggering of Voltage Support – Real-time

	Protocol Reference
	Section(s) 3.15 (1); 3.15.1 (1); 3.15.1 (2); 3.15.1 (3)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-1), (I-2)

	Sub-Process Element Coverage
	Partial

	Description:
FR172 The Real-time Voltage Support shall be triggered as part of the Real-time Sequence when any of the following conditions are detected:

1) Constraints violations  in the State Estimator base case
2) Constraints violations in any of the contingencies of real-time Contingency Analysis. 
3) Forced outage critical element.

4) Manual




	Requirement ID
	VS-FR10

	Requirement Name
	Study Voltage Support Trigger

	Protocol Reference
	Section(s) 3.15 (1); 3.15.1 (1); 3.15.1 (2); 3.15.1 (3);  

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-1), (I-2)

	Sub-Process Element Coverage
	Partial

	Description:
FR173 The Study Voltage Support, when selected as a part of the study run sequence, shall be triggered upon detection of constraint violations identified in any study Power Flow, or study Contingency Analysis. 




	Requirement ID
	VS-FR11

	Requirement Name
	Control Action Archival 

	Protocol Reference
	Section(s) 3.15 (1); 3.15.1 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-8)

	Sub-Process Element Coverage
	Partial

	Description:
Control actions of VSS shall be archived after each execution of VSS.  This is a separate requirement from requiring creation of a complete save case.  
FR173 I


	Requirement ID
	VS-FR12

	Requirement Name
	Generation MW to TCM 

	Protocol Reference
	Section(s) 3.15 (2); 3.15.1 (1); 3.15.1 (2); 6.5.7.7 (2); 6.5.7.7 (4); 6.5.7.7 (5); 6.5.7.7 (6)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-6); (P-5)

	Sub-Process Element Coverage
	Partial

	Description:
FR173 AGenerator MW controls, if any, are suggested as part of the preventive action and accepted by the ERCOT Operator, shall be transferred automatically to the Transmission Constraint Management function when VSS runs in real-time mode.  


	Requirement ID
	VS-FR13

	Requirement Name
	Bus Voltage Monitor Flag 

	Protocol Reference
	Section(s) 3.15 (1); 3.15.1 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (P-4)

	Sub-Process Element Coverage
	Partial

	Description:
A user interface shall be provided to allowFR173 Iallow the ERCOT Operator to interactively flag buses for which the voltage limits are not to be checked and enforced in the Voltage Support Services.  The selection of limit to be skipped shall require a text entry to explain the reason.  The event of skipping the limit shall be logged with the corresponding textual comment and time stamp.



	Requirement ID
	VS-FR14

	Requirement Name
	Voltage Profile MIS Posting

	Protocol Reference
	Section(s) 6.5.7.7 (1); 6.5.7.7 (3); 3.15

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (I-4), (P-4)

	Sub-Process Element Coverage
	Partial

	Description:
FR173 The voltage set points across the ERCOT system “Voltage Profile” and the on/off status of reactive sources from a selected case shall be made available for posting in the MIS Secure Area. The ERCOT Operator shall be able to manually trigger the transfer to the MIS of the voltage profile and on/off status of reactive sources.
ERCOT will post control action recommendations on MIS, and action plan will be carried out through direct communication with the TSP.




	Requirement ID
	VS-FR15

	Requirement Name
	Recommended Action  Displays

	Protocol Reference
	Section(s) 3.15 (1)

	Coverage of Protocol
	Partial

	Traceability to Sub-Process
	COPS.P02.I-1; COPS.P02.I-2; Fig. 2-1 (P-3)

	Sub-Process Element Coverage
	Partial

	Description:
The FR173 TERCOT Operator shall be provided with displays for each of the following.

1) List of Corrective Actions for the base case

2) List of Preventive Actions considering base case and all contingency violations simultaneously.
3) A composite display showing a summary of all Corrective and Preventive Action plans. 



Supplementary Requirements

2.3 Performance

	Requirement ID
	VS-SR1

	Requirement Name
	Execution time

	Requirement Type
	Performance

	Description:  Real-time and study Voltage Support triggered under FR-9 and FR-10 shall be able to complete the solution within 1 minute for 100 post contingency voltage violations for ERCOT power network



Protocol Coverage

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

(Full/Partial)
	Coverage by Requirements

	3.15 (1)
	Voltage Support studies
	Full
	VS-FR1, VS-FR2, VS-FR3, VS-FR9, VS-FR10, VS-FR11, VS-FR12, VS-FR13, VS-FR15

	3.15.1 (1)
	ERCOT responsibility for voltage support
	Full
	VS-FR1, VS-FR2, VS-FR7, VS-FR8, VS-FR9, VS-FR10, VS-FR11, VS-FR12, VS-FR13

	3.15.1 (2), (3)
	Generation Resources for voltage support
	Full 
	VS-FR1, VS-FR12

	6.5.7.7 (1), (3)
	Voltage Profile
	Full 
	VS-FR1, VS-FR3 VS-FR14
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