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I. Introduction
Each transmission owner shall have a designated Dynamics Working Group (DWG) member.  The DWG chair shall provide a list of DWG members to the Reliability and Operations Subcommittee (ROS) at least annually.  Updates will be provided to ROS in the first DWG report to ROS after ROS approves a new DWG Chair.


To adequately simulate the behavior of the ERCOT System, it is necessary to develop and maintain dynamic simulation-ready base cases and associated dynamics data files using actual equipment data together with appropriate dynamic simulation software.  The ERCOT Steady State Working Group (SSWG) power flow cases provide transmission system representations which, along with the dynamics database, are used by the DWG to create dynamic simulation cases ready to run under Siemens PTI’s PSS/E


 software.  
II. Dynamics Data

A. General

For conventional generation, generator dynamics data includes generator, Governor, excitation system, Power System Stabilizer (PSS), and excitation limiters.  Associated generator data includes main power transformer, auxiliary and start-up transformers, start-up load, running load, and protection functions likely to trip the machine during an event.  For wind generation, dynamics data includes the items listed in section II B 1
.  Other types of data needed for dynamics study unrelated to the generator include load shedding relay data, protective relay data, FACTS devices (e.g., DVARS, SVC, STATCOM, SMES), DC connections, and variable-frequency transformer data.  The Facility owner is responsible for providing the dynamics models and data to ERCOT.  Information shall be provided with the legal authority to provide the information to all transmission operators.  If any of the information is considered confidential, the Facility owner shall indicate such, and the information will be held confidential under ordinary ERCOT Transmission Provider code-of-conduct rules
.  

For Resources installed prior to 1990 estimated or typical manufacturer’s dynamics data, based on units of similar design and characteristics, may be submitted when unit-specific dynamics data cannot be obtained.  In no case shall other than unit-specific data be reported for generator units installed after 1990.

Some studies, such as subsynchronous resonance studies or other special dynamic studies, may require additional data not normally collected, such as switchable shunts, transformer taps dynamics, load model data, etc.  Such data is collected on an as needed basis.  The Facility owner is responsible for providing such data to ERCOT upon request.
All dynamic data must be compatible with the current version of Siemens
 PTI’s PSS/E software in use by ERCOT, with model data sheets and model records with tuned parameters.
B. Dynamics Data Requirements for Generation Entities 
1. Dynamics Data Requirements for New Equipment


Whenever new generation facilities [as defined in Operating Guide 3.1.4
] 

larger than 10 MW connect to the ERCOT system, the Generation Entity (GE)Entity connecting the generation is required to go through the formal registration process.  An integral part of this process is the submission of generator dynamics data and associated generator data for each unit.  Planning Guide Sections XXX
 
define the connection process and data submittal requirements.  The data submittal requirements in this section are additional requirements as referenced in Planning Guide Section XX, INTERCONNECTION DATA FEES AND TIMETABLES, Generation Plant Data Requirements.  The most current Facility data or expected performance data should be submitted to ERCOT with the initial study request.  “As built” data is required for completed generation facilities
.
Data submitted for stability models shall be compatible with ERCOT standard models or Siemens
 PSS/E standard library models.  If there is no compatible model(s), the GE is required to work with a consultant and/or software vendor to develop and supply accurate/appropriate models (user written models) along with associated data.  A user written model is any model that is not an ERCOT standard model or Siemens PSS/E library model.



A GE is responsible for tuning the parameters that go into their models (generator, exciter, PSS, excitation limiters, Governor, etc.)  Resource data submissions are made to ERCOT via the appropriate resource registration form.  If ERCOT, the interconnecting transmission owner, or the DWG identifies inappropriate or incomplete dynamics data, ERCOT shall take action to resolve discrepancies with the Resource owner.  The transmission owner to which the Resource is connected is responsible for incorporating the dynamics data received from ERCOT into the ERCOT dynamics database during annual updates.


Synchronous Thermal and Hydro Resources Interconnecting More Than 10 MVA of Generation Capacity:

a) The Resource shall provide all dynamics data and associated generator data.
b) Classical model data is not acceptable. 

c) Estimated and/or typical model data is not acceptable for units after they are already connected to the ERCOT System.

d) In accordance with Section XX of the Planning Guides, all non self-serve generation connected to the transmission system at 60kV and above with at least 10 MW aggregated at the Point of Interconnect (POI) must be explicitly modeled.  This translates to (1) no lumping of generating units and (2) explicit modeling of each Generator Step-Up (GSU) transformer.

e) Planning Guide Section XX states that station auxiliary load for generating plants should not be modeled explicitly at the generator bus.  However, explicit modeling of station auxiliary load may be necessary for dynamic simulations.  For this reason, Resources are required to submit associated generator data, as defined above.  

f) All combustion turbine and combined cycle generation shall use the CIGRE governor model, as implemented by ERCOT, unless explicitly exempted by the DWG.

Wind Plant Facilities:

In order to adequately simulate the behavior of the ERCOT system, it is necessary for all wind plants to be modeled for steady state, short circuit and transient stability studies.  Modeling of the plant will require specific model or data for the plant distribution subsystem, auxiliary equipments and the wind turbine.  The Resource owner is responsible for providing all models and data for their Facility.  Models shall be provided along with the legal authority to distribute such data under ordinary ERCOT transmission provider code-of-conduct rules.  The Generation Entity PGC


 Resource shall provide the following data:


Data to model the wind turbine: 
· Generator manufacturer and model.

· Rated voltage.

· Rated MVA.

· Rated MW output.

· Net MW output.

· Reactive capability, leading and lagging.

· Transient or subtransient reactance.

· Transient or subtransient time constant.

· Total inertia constant, H, of generator, including the shaft and gearbox.

· Under frequency and under voltage protection.

· Over frequency and over voltage protection.

If the wind turbine machine


 can be modeled using one of the ERCOT or Siemens
 PTI wind models, state which model applies to the Facility.  Include instruction on how to set up and execute analysis.
If the wind turbine model is not an ERCOT or Siemens PTI model, provide either dynamic model source code for the machine and associated data or dynamic model object code for the machine and associated data.
· If providing object code, the object code must be updated for PSS/E version changes or as requested by the DWG and/or ERCOT.  

· If the machine can be modeled using one of the ERCOT wind models, state which model applies to the facility.  Include instruction on how to set up and execute analysis.  

· Models for the wind turbine, system protection, reactive resources, etc., can be embedded into a single source code or be provided separately.

· Models need to account for rotor mass, aerodynamic energy conversion, pitch control.

· Models shall account for multiple wind farm interactions. 

Data to model the wind plant distribution network: 
Wind models using bus numbers shall be compatible with the ERCOT bus numbering system, and shall allow the user to determine the bus numbers.
Wind models shall be capable of adjusting both load flow and dynamic parameters in response to changing network conditions, and the presence of multiple windfarms.
a) Number of machines by manufacturer types

b) Data and description of voltage control method.
c) Data and description of how the Resource will meet ERCOT reactive requirements. 
d) A one-line diagram of the proposed facility.
e) A complete detailed network data of the wind plant in PSSe raw format.
f) An aggregated network data of the wind plant in PSSe raw format. 
g) Data for all transformers:
· MVA rating.
· High and low side rated voltage.
· Number of taps, and step size, control mode (manual, automatic, switching time)
· 
· Impedance, including base values.
h) Line data from the point of connection to each wind generator:

· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· Line type (overhead or underground)
· Line length 
· Line resistance in ohms/1000 ft
· Line reactance in ohms/1000 ft
· Line susceptance in mhos/1000 ft
Data to model the wind plant auxiliary devices: 
· Provide the number of devices, location of the devices, step size, speed of switching, location where voltage is sensed and controlled, control strategy, and voltage limits.
· Provide the appropriate PTI model and data for dynamic reactive devices.
Solar Plant Facilities:
In order to adequately simulate the behavior of the ERCOT System, it is necessary for all solar plants to be modeled for steady state, short circuit and transient stability studies.  Modeling of the solar plant will require specific model or data for the plant distribution subsystem, auxiliary equipments and the solar power engine (photo-voltaic, solar thermal, etc.)  The Resource owner is responsible for providing all models and data for their Facility.  
 Solar technologies require substantially different model to accurately simulate dynamic performance.  The Resource Entity shall obtain the most accurate and appropriate model and the associated data for their solar plant from the manufacturer, and supply it to ERCOT and the transmission owner to which it is connected, with the legal authority to provide such data to all transmission providers.  Models and data will be held confidential under ordinary ERCOT Transmission Provider code-of-conduct rules.  Specific data requirements are similar to wind plant facilities
 as applicable.  


2. Updates to Existing Dynamics Data

Any change in generator dynamics data or associated generator data or other types of equipment listed in this guide
, determined either through field testing or after changing relevant equipment or equipment settings, shall be reported by the Resource Owner to ERCOT and the transmission owner to which they are connected within 30 days
.  The updated information will be provided in the same form (such as PSS/E model data sheets) as required in sectionxxx. The requirements of section xxx1 apply to all updated models and data. 


C. Dynamics Data for Equipment Owned by Load Entities 
and Transmission-Distribution Service Providers (TDSP)

1. Load Acting As a Resource 
(LaaR, high-set relays for frequency set points above 59.3 Hz)

At least annually, ERCOT will provide to the DWG the updated LaaR models and associated model data.
2. Under-frequency Firm Load Shedding Relay Data (UFLS)

ERCOT shall collect the underfrequency firm load shedding relay data on an annual basis.  Each transmission owner is responsible for preparing the UFLS PSS/E relay model records for the loads within their system when needed for a UFLS study.  The models should contain the necessary information to properly represent the UFLS relay actions in a dynamic study. 

3. Under-voltage Load Shedding Relay Data


Annually, or after installation of any undervoltage load shedding (UVLS) relays, the TDSP installing the UVLS relays will submit the corresponding PSS/E relay model toERCOT.  The models should contain the necessary information to properly represent the undervoltage relay actions in a dynamic study, including:

a) Owner and operator of the UVLS program.

b) Size and location of customer load, or percent of connected load, to be interrupted.

c) Corresponding voltage set points.

d) Overall scheme clearing times (includes all time delays, breaker clearing times, etc).

The TDSP should indicate any other schemes that are part of or impact their UVLS programs such as related generation protection, islanding schemes, automatic load restoration schemes, UFLS and Special Protection Systems (SPSs).  If requested by ERCOT, a TDSP shall provide its UVLS data to ERCOT within 30 calendar days. 

All UVLS data will be documented in the annual Stability Book.

4. Protective Relay Data


Protection, control, and SPSs included in the dynamics database should be in the form of a standard PSS/E model or models.  A descriptive model, such as a time-based sequence of events, is also acceptable.  Protection, control, and SPSs adequately modeled for dynamic purposes by other working groups only need to be referenced in the DWG study reports.

As part of the annual database update the responsible transmission  owner shall review and update, as necessary, protection, control, and SPSs protection systems already in the DWG database.  This review should include evaluating the existing data for applicability and accuracy.  Obsolete data should be deleted.  These updates may also be required as needed to perform ERCOT dynamic studies.

5. Load Model Data


The DWG will document, in a table in the annual Stability Book

, standard load models for each area, composed of a mix of constant impedance, constant current, and constant power generally used in studies.  A standard load-frequency dependency model (LDFRAL

) will also be documented in the Stability Book.  
Every dynamics study submitted to   Regional Planning Group (RPG) shall document the load modeling assumptions in the body of the report.  

6. Other Types of Dynamics Data


When a dynamic element  is modeled in the SSWG base cases, such as SVC, STATCOM, SMES, Direct Current Ties (DC Ties), and variable-frequency ransformer data, the responsible transmission owner will provide the corresponding PSS/E model during the annual database update or as needed for DWG studies.  

D. Missing Dynamics Data

The DWG is responsible for reviewing the dynamics data on an annual basis, and reporting any missing data or unresolved issues relating to data submission requirements to the ROS.  If there are any problems with the data, ERCOT will work with Resource owners to resolve the problems. The final responsibility for the submission and the accuracy of the data lies with the Resources owner. All of the data and the revisions requested by ERCOT from the Resource owner shall be provided within 30 days 
from the date of request.  Until valid data becomes available, ERCOT, or the transmission owner to whose system the generator is connected, shall recommend an interim solution to the modeling problem.

E. Dynamics Data Storage

ERCOT shall be responsible for storing all of the dynamics data obtained from interconnected generators.  It shall maintain a repository of dynamics data with tuned parameters and will maintain the submitted revisions. All of the generator data and associated generator data received by ERCOT shall be forwarded to the DWG member of the transmission owner to which the generator is connected within 30 days of receipt.  ERCOT staff shall inform the Reliability Monitor if any data is missing or has not been made available.  

III. Overview of DWG Activities 

A. Updating Dynamics Data and Flat Starts

1. Initiating Annual Dynamics Data Update 

Each year ERCOT, in consultation with the DWG, will initiate dynamic data collection.  For revisions to the existing dynamics data, the DWG utilizes the previous year’s dynamics data as a basis.  For each flat start, transmission owner’s will send their updated dynamics data in electronic format to ERCOT.  The updated dynamics data will be provided in a file that contains data for all equipment connected to the reporting transmission owner.  The changes in the data must be identified and submitted with the updated data.  The dynamics data has been tuned throughout the years to ensure proper operation of the models.  In the event the original manufacturer’s data may have been modified during this process, the parameters in the ERCOT dynamics database should not be changed to match manufacturer’s data unless it is absolutely certain that the data is correct.  Obsolete data should be deleted. Data for mothballed units shall be retained. 

Other revisions of data that should be submitted to ERCOT include updates to the load model (CONL), Zsource

 corrections, generation netting, or any other modifications to the network necessary for dynamic studies.

2. Dynamics Data Screening 

3. Transmission owner’s shall review the dynamics data for equipment connected to their system for completeness and applicability.  The data shall be appropriate for the model, and the model should be appropriate for the equipment.  Before submitting data for inclusion in updated dynamics base cases, each TO shall perform dynamics data screening.  

4. 
The DWG, in consultation with ERCOT, will annually determine all flat start activities and corresponding completion schedules for the year.  The schedule will include the development of the following flat starts:
(1) for the summer on-peak base case of the current year data set A without wind models, 
(2) for the spring off-peak base case of the current year data set A with wind models with maximum wind output modeled based on a security constrained dispatch 
, and 
(3) for a future summer on-peak base case of the current year data set B without wind models.  
The DWG may choose to flat start additional cases.  
   ERCOT will contact the appropriate transmission owner or Generating Resource to resolve any problems with the data encountered during the flat start process. The product of a successful flat start will be a simulation-ready base case (the unconverted base case) with its associated dynamic data files including user models, stability data change documentation, and IDEV files.  The product of a successful flat start also includes the steps taken to build the flat start case such as network model changes (i.e. changing the schedule of the North DC, tuning voltages, etc.) and demonstrates that simulation output channels do not deviate from an acceptable range for a ten-second run with no disturbance.  .

B. Post Flat Start Activities

1. Distribution of Flat Start Results and the Dynamics Data Base

Upon completion of each flat start, an electronic copy of all dynamics data and final data files will be distributed electronically in PTI format to each DWG member and to ERCOT for archiving.  This dynamic data distribution must be within the schedule established by the DWG for the given flat start. 

2. Stability Book

The Stability Book is an annual document used to record dynamics data changes and/or corrections required during the flat start processes.  Recommendations to revise load flow data are also included in the book.  DWG Members shall communicate these recommendations to their respective SSWG member to eliminate recurring problems.





C. Other DWG Activities

1. Dynamic Disturbance Recording (DDR
) Equipment Annual Review


The purpose for installing dynamic disturbance recording (DDR) equipment is to:

1) Collect actual data following a dynamic disturbance.

2) Enable the results of dynamic simulations to be evaluated for effectiveness.

Location Requirements:

ERCOT, in consultation with the DWG, shall prepare a list and perform an annual review of Facilities that operate above 100 kV, are part of a dynamic stability (not transient stability) interface, and require the installation of a DDR.  The DWG shall forward any revised DDR facility list to the Reliability and Operating Subcommittee (ROS) for its review and approval.  Upon approval of the DDR facility list, facility owners shall have six months to install and place in service DDRs at each listed facility.

DDRs shall be removed or taken out of service by the same process.

Data Recording Requirements:

At a minimum, the following shall be recorded for equipment operating at 100 kV or above at facilities where DDR equipment is required: 

1) Bus Voltage

2) Line Current

3) MW and MVAR flow

4) Frequency

Triggering Requirements:

DDR equipment triggering shall occur for one or more of system voltage magnitude, current magnitude, or frequency magnitude disturbances (V, I, or f) without requiring any circuit breaker operations or trip outputs from protective relay systems. 

Disturbance recording equipment shall be capable of continuous recording for not less than 5 minutes and shall be retrievable for a period of not less than 72 hours.

Dynamic Disturbance Recorders (DDR’s) shall be time synchronized when practical.

The sampling rate for DDR’s shall be at least 240 samples per second.

Data Reporting Requirements:

At DDR installations where communication equipment exists and it is practical, communication from the device to an ERCOT central database shall be automatic.  Where communication equipment does not exist, or automatic communication from the device to ERCOT is not practical, facility owners who have installed DDR's shall report data for any event they consider significant to ERCOT.  ERCOT may request facility owners who have installed DDR's to report data for any event.  ERCOT’s request shall be made within 24 hours after the event and the facility owner will provide the requested data to ERCOT within 30 days.  DDR data of significant events shall be reported to ERCOT at least annually for compilation into a database. 

The database compiled by ERCOT shall be made available to all ERCOT TO’s for verifying and improving system models, or analyzing system disturbances.  Submitted data will be retained by ERCOT for a minimum of one year.

DDR records shall be provided to ERCOT and NERC
 upon request. Disturbance records shall be retained and made available for at least one year from the date the record was made.  DDR records shall be shared between transmission owner’s, upon request, for the analysis of system disturbances. 

Maintenance and Testing Requirements:

DDR equipment must be maintained and tested in accordance with the manufacturer’s recommendations.  Maintenance and test records shall be provided to ERCOT upon request within 30 business days.

2. 
Event Simulation


When directed by ROS the DWG will simulate an actual disturbance event for the purpose of assessing the fidelity of the ERCOT dynamics models and data with actual ERCOT System performance during the event. The DWG will annually consider recent significant events to determine their suitability for an event simulation and communicate its conclusions in the monthly DWG report to ROS. 
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Update�base case


*.sav





Update�dynamic file


*.dyr





Update�user model


UserM.for





run MakeSnap.idv�close  PSS/E 





Makes the COMPILE.bat file, makes the SNAP file Ercot_angle.snp





Switch to FORTRAN:


>COMPILE UserM


>CLOAD4 UserM





COMPILE and CLOAD4 the user defined models into dsusr.dll





run PSS/E Dynamics:


run RunFlat.idv





10 seconds run with 1/4 


cycle integration step, data output to RunFlat.out 





run PSS/E Plotter:


run PlotFlat.idv





The maximum deviation channels are listed in the REPORT window.� The user completes the PLOT process by selecting the SIX worst deviation channels and plotting them





Flat start?





Done
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run PSS/e Dynamics:�run MakeCnv.idv
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Converts the modified base case and save it as Ercot.cnv





Fig. 3  Flat Run Process Cycle








� Siemens PTI has authorized use of PTI information to be included in this Procedural Manual.





�Paragraph changed to add accountability.


�consider rewording.


�The reference to a vendor specific system can be omitted in this instance. A generalized omission to the Siemens PTI PSS/e software could be achieved throughout the document by replacing “Siemens PTI PSS/e” with “ERCOT DWG approved.”  Note that the “ERCOT DWG approved” software will be the Siemens PTI PSS/e v.32 software.


�suggest eliminating vendors from language.


�The reference to a vendor specific system can be omitted in this instance. A generalized omission to the Siemens PTI PSS/e software could be achieved throughout the document by replacing “Siemens PTI PSS/e” with “ERCOT DWG approved.”  Note that the “ERCOT DWG approved” software will be the Siemens PTI PSS/e v.32 software.


�renumber when document is reformatted.


�rules or PI?


�same as above.


�need the NOG section reference.


�The requirement for providing model data in 3.3(1) of the Nodal Operating Guide references section 3.7 and 3.8 of the Nodal Protocols. However, these sections do not describe the model data to be provided to support dynamics studies. This section and others need to maintain the descriptions of the model data needed from Resource Entities until the other sections of the Operating Guides and Protocols are updated.


�The requirement for providing model data in 3.3(1) of the Nodal Operating Guide references section 3.7 and 3.8 of the Nodal Protocols. However, these sections do not describe the model data to be provided to support dynamics studies. This section and others need to maintain the descriptions of the model data needed from Resource Entities until the other sections of the Operating Guides and Protocols are updated.


�section and status of PGRR?


�“XX’s” represent references to material that will be in other sections of the Planning Guides –unknown at this time.


�is there a defined term that can be used?


�same as above regarding vendors.


�Good information for the Procedure but too detailed for Planning Guide. 


�shall or may?


�PGC (Power Generation Company) see Table of Contents. Suggest substituting the term being adopted for the entities that own or operate generating resources.


�what is this?


�PGC (Power Generation Company) see Table of Contents. Suggest substituting the term being adopted for the entities that own or operate generating resources.


�Dynamics models are provided for each machine within a generating plant. In the case of solar and wind generating plants, machines are often aggregated by machine type so the modeling is still performed on a machine basis.


�WGR?


�Dynamics models are provided for each machine within a generating plant. In the case of solar and wind generating plants, machines are often aggregated by machine type so the modeling is still performed on a machine basis.


�same as above.


�


�photo voltaic?


�A generic model is now available for photo-voltaic systems.


�WGR


�ERCOT added this language.


�section?


�Coordinate with SSWG NPRR 246


�The requirement for providing model data in 3.3(1) of the Nodal Operating Guide references section 3.7 and 3.8 of the Nodal Protocols. However, these sections do not describe the model data to be provided to support dynamics studies. This section and others need to maintain the descriptions of the model data needed from Resource Entities until the other sections of the Operating Guides and Protocols are updated.


�LSEs?


�applies to nodal? check definition.


�where is this published?


�See III.B.2 of this document.


�new acronym for section 2?


�Acronym can be deleted.


�Verify consistency with NERC


�?


�A parameter with PSSE that is used in modeling a generating machine.


�DWG recommended change to existing language 


�Good information for the Procedure but too detailed for Planning Guide. 


�new acronym for section 2?


�Coordinate with development of 6.1.3 of the Nodal Operating Guides.


�TRE/Reliability monitor?


�Verify consistency with NERC and any applicable ERCOT requirements.
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