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Foreword
This Procedural Manual is intended for use by the stakeholder members of the Electric Reliability Council of Texas (ERCOT) for the purpose of creating and maintaining the dynamics database and dynamics simulation cases which are used to evaluate the dynamic performance of the ERCOT system.  Some of its contents also satisfy certain regulatory requirements.
The majority of ERCOT members utilize Power Technologies Inc. (PTI) Power System Simulator (PSS/E) software.  Consequently, the various activities in the procedural manual incorporate PTI procedures and nomenclature in describing these activities
. Wherever possible, a description of the PTI activity is given so users of software other than PTI may implement similar actions.

I. Introduction
Each ERCOT area, as defined in the base case, shall have a designated Dynamics Working Group (DWG) member.  Each designated DWG member shall be identified in the DWG members list, and the list will be updated as needed.

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 Dynamics Working Group to create dynamic simulation cases ready to run under PTI’s PSS/E software.  Dynamic simulation cases are created for the current year and a future year determined annually by the Dynamics Working Group.


II. Dynamics Data
A. General
For conventional generation, generator dynamics data includes generator, governor, excitation system, power system stabilizer, 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 load model data.  The facility owner is responsible for providing all dynamics models and data to ERCOT.  Information shall be provided with the legal authority to provide the information to all ERCOT transmission providers. 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.  
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.
B. Dynamics Data for Equipment Owned by Generating Entities (GE) or Power Generation Companies (PGC)

1. 
2. Dynamics Data Requirements for New Equipment
Note: This section addresses the requirements stated in sections R.1.1 and R.1.4 of NERC Standard MOD-013-0.

Whenever new generation facilities [as defined in Operating Guide 3.1.4] larger than 10 MW connect to the ERCOT system, the GE or PGC connecting the generation is required to go through the formal “ERCOT Generation Interconnection or Change Request Procedure”.  An integral part of this process is the submission of generator dynamics data and associated generator data for each unit.  The ERCOT Generation Interconnection or Change Request Procedure, the Standard Generation Interconnection Agreement, and the Operating Guides define the connection process and data submittal requirements.  The data submittal requirements in this procedural manual are additional requirements.  The connection process usually results in the data evolving from “conceptional” to “as built”. 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.  If there is no compatible model(s), the GE or PGC is required to work with a consultant and/or software vendor to develop and supply accurate/appropriate models along with associated data.  GE’s or PGC’s are responsible for tuning generator, exciter, power system stabilizer, excitation limiters, and governor model parameters.
Although the final responsibility for the submission and the accuracy of the data lies on the GE’s or PGC’s, ERCOT and the DWG will provide voluntary assistance if requested by GE’s or PGC’s to complete parameter tuning and preparing PSS/E model records. ERCOT will serve as the single point of contact to facilitate these activities. The DWG member of the TDSP to which the generator is connected is responsible for incorporating the dynamics data received from the GE or PGC into the ERCOT Dynamics database during annual updates.
The following two subsections describe data requirements for two distinct categories of generation facilities:

Traditional Generation Facilities (Non-Wind Plants) Interconnecting More Than 10 MVA of Generation Capacity:
a) The GE or PGC shall provide all generator dynamics data and associated generator data.  The data must be provided in the form of PSS/E model data sheets and dynamics model records with tuned parameters.

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 the SSWG procedural manual, 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 must be explicitly modeled.  This translates to (1) no lumping of generating units and (2) explicit modeling of each step-up transformer.

e) The SSWG manual 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, GE’s and PGC’s 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 developed by Siemens PTI and implemented by ERCOT, unless explicitly exempted by the DWG.
All Wind Facilities:
In order to adequately simulate the behavior of the ERCOT system, it is necessary for all wind plants to be modeled, especially with the increasing concentration of wind generation in some areas in ERCOT.  Unlike traditional generation facilities, wind generators do not have generic models.  In addition, each wind technology requires a substantially different model to accurately simulate its dynamic performance.  The facility owner is responsible for providing all models and data for their facility. Currently there are three sources of wind models: the ERCOT wind models, PTI wind models, and other sources including the equipment manufacturer. If an ERCOT or PTI wind model is not appropriate for the facility, the GE or PGC shall obtain the most accurate and appropriate model and the associated data for their wind plant from the manufacturer, and supply it to ERCOT and the TDSP to which it is connected, with the legal authority to provide to all transmission providers.  Models and data will be held confidential under ordinary ERCOT Transmission Provider code-of-conduct rules.  Regardless of the model source, the GE or PGC shall provide the following data:

a) Model shall be compatible with the PSS/E version currently used in ERCOT.

b) Description of voltage control method.

c) How they will meet ERCOT reactive requirements. 

d) A one-line diagram of the proposed facility.  

e) Data for all transformers.  The data should include:

· MVA rating.

· High and low side rated voltage.

· Number of taps, and step size.

· Impedance, including base values if different from rated values listed above. 

f) Generator data including:

· Generator manufacturer and model.

· Rated voltage.

· Rated MVA.

· Reactive capability, leading and lagging.

· Rated MW output.

· Net MW output.

· 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.

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

h) If the model is not an ERCOT or 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 your machine can be modeled using one of the ERCOT wind models, state which model applies to your 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 should account for multiple wind farm interactions 
i) If the model is not an ERCOT model, the following requirements apply:

· 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.
j) Number of machines by manufacturer types

k) List any reactive sources such as capacitor banks, STATCOMS, etc. 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.  For dynamic reactive devices, provide the appropriate PTI model and data.

l) Line data from the point of connection to each wind generator.  Include:

· 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

3. Updates to Existing Dynamics Data

Any change in generator dynamics data or associated generator data wind farm items listed in II B 1, or other types of equipment listed in this procedure, determined either through field testing or after changing relevant equipment or equipment settings shall be reported to ERCOT and the TDSP to which they are connected, by GE’s or PGC’s within 30 days.  The updated information will be provided in the same form (such as PSS/E model data sheets) as required in section II B 1.
The GE or PGC must provide all updated generator dynamics data and associated generator data.  The data must be provided in the form of PSS/E model data sheets and dynamics model records with tuned parameters.  
For all existing wind farms, data must meet all requirements of II.B.1.
The DWG will generally not make changes to existing data unless modification of generating units or field testing has occurred.  Examples of modifications include replacement of an old excitation system with a new excitation system or boiler/turbine upgrades.  

Data that is currently valid does not have to be resubmitted to ERCOT by GE’s or PGC’s.  
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)

Upon installation of an underfrequency interruptible load shedding relay for LaaR, ERCOT shall provide the load and relay data to the associated DWG member.  The DWG member of that TDSP will provide the corresponding PSS/E relay model to ERCOT during the annual data update or as needed for ERCOT study.  The models should contain the necessary information to properly represent the high set relay actions in a dynamic study. 

2. Underfrequency Firm Load Shedding Relay Data (UFLS)

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

3. Undervoltage Load Shedding Relay Data

Note: This section addresses requirements stated in NERC Standards PRC-20 and PRC-21. 

Annually or after installation of any undervoltage load shedding (UVLS) relays, the DWG member of the TDSP installing the UVLS relays will submit the corresponding PSS/E relay model to the designated DWG member during the annual data update or as needed for DWG studies.  The UVLS database shall then be submitted to ERCOT in the form of PSS/E dyre relay data during the annual data update.  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).

Also, the DWG member of the TDSP should indicate any other schemes that are part of or impact the UVLS programs such as related generation protection, islanding schemes, automatic load restoration schemes, UFLS and Special Protection Systems.  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

The operation of protection, control, and special protection systems can affect the dynamic performance of the ERCOT system during and following contingencies.  Planning, documenting, maintaining, or other activities associated with these systems is outside the scope of the DWG.  However, because they can affect dynamic performance, the DWG should, on an as needed basis, identify and document protection, control, and special protection systems, which affect multiple transmission providers.  Identification activities will normally require the assistance of individuals or groups outside the DWG.  The specific information to be considered for inclusion will depend on the type, purpose, and scope of study.

Protection, control, and special protection systems included in the DWG 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 special protection systems adequately modeled for dynamic purposes by other working groups only need to be referenced in the DWG study reports.

The PSS/E software contains several models, such as OSSCAN and RELAY1, which may be used to indicate situations where actual protection, control, and special protection systems should be included in a simulation (After PSS/E Rev. 28, such models are replaced with “simulation calculation options”. See Program Operations Manual Vol. 1 Section 5.31.). 

The DWG member, as part of the annual database update, shall review and update as necessary protection, control, and special 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

Note: This section addresses the requirements stated in NERC Standard MOD-013-0 (R1.3).
Another key component of any dynamic study is the load model and its representation as a function of changing frequency or voltage.  The load model can have a significant effect on results of dynamic analysis.  For this reason, it is important to consider the load model and to use an appropriate model during the study.  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.

Each study performed by the DWG, ERCOT, or by TDSP members submitted to an ERCOT regional planning group should document the load modeling assumptions in the body of the report.  

6. Other Types of Dynamics Data

Note: This section addresses requirements stated in NERC Standards MOD-013-0 (R1.2). 

After a dynamic element planned to be installed  on the transmission system owned by a TDSP is modeled in the SSWG base cases such as an SVC, STATCOM, SMES, and DC ties, the DWG member of the TDSP owning the equipment will provide the corresponding PSS/E model to the designated DWG member 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 and ERCOT Compliance. If there are any problems with the data, the DWG will work through ERCOT with the GE’s or PGC’s to resolve the problems. However, the final responsibility for the submission and the accuracy of the data lies on the GE’s and PGC’s. All of the data and the revisions requested by ERCOT from the GE’s or PGC’s shall be resolved by GE’s or PGC’s within 30 days.  Until valid data becomes available, the DWG member 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 in paper form, PSS/E datasheets, and records formats with tuned parameters and will maintain the submitted revisions. All of the generator data, associated generator data, and wind farm items listed in II B 1  received by ERCOT shall be forwarded to the DWG member of the TDSP to which the generator is connected within 30 days.  ERCOT staff shall inform the ERCOT compliance team 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 

The DWG Chair, following the DWG schedule for a given year, will initiate dynamic data collection by assigning a DWG member to perform the flat start process.  For revisions to the existing dynamics data, the DWG utilizes the previous year’s dynamics data as a basis.  For each flat start, all DWG members will send their updated dynamics data in electronic format to the designated DWG member.  
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. However, data for mothballed units shall be retained. 

Other revisions of data that should be submitted to the designated DWG member 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 

B. 
DWG members should review the dynamics data for equipment connected to their system for completeness and applicability.  The data should 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 DWG member should perform dynamics data screening.  Appendix A provides guidelines for screening dynamics data.  The ERCOT Modeling Guide for Dynamic Stability provides additional information about modeling. 
1. Flat Start 

The DWG will annually determine all flat start activities and corresponding completion schedules for the year.  At present, the DWG performs three annual flat starts; (1) for the summer on-peak base case of the current year data set A without wind models, (2) for the summer on-peak base case of the current year data set A with wind models, and (3) for a future summer on-peak base case of the current year data set B without wind models.  For example, in 2006 the DWG performed flat starts using the 2006 summer on-peak without wind models, the 2006 summer on-peak with wind models, and the 2008 summer on-peak case without wind models.  The DWG member assigned to a flat start by the DWG chair will add all of the updates to the ERCOT dynamics database and perform a flat start.  The designated DWG member must perform initialization of data with no errors and demonstrate that simulation output channels do not deviate from an acceptable range for a ten-second run with no disturbance.  The designated DWG member will contact the appropriate DWG member 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.  Guidelines for performing a flat start are provided in Appendix B of this manual.
C. Post Flat Start Activities
IV. 
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 of the DWG members and to ERCOT System Planning 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 are required to communicate these recommendations to their respective SSWG member to eliminate recurring problems.
To verify the successful completion of the flat start process, this book should also contain plots of the flat start results. The plots should include, at a minimum, the six (6) worst units (based on angle deviation).
The dynamics data is also included in the stability book. This data is in the DOCU ALL PTI format.
Also included in the stability book is the load shedding relay data submitted by each of the appropriate Dynamics Working Group members.
Sections II.C.3, and II.C.5 identify additional information that will be included in the Stability Book.
B. Other DWG Activities
1. Dynamic Disturbance Recording (DDR) Equipment Annual Review

Note: This section addresses NERC Blackout Recommendation 12b. 

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 and the Dynamics Working Group 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.  ERCOT and the Dynamics Working Group 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:

The appropriate quantities, such as the following, must 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 should 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) should be time synchronized when practical.

The sampling rate for DDR’s should be 240 samples per second.

Data Reporting Requirements:

At DDR installations where communication equipment exists and it is practical, communication from the device should be automatic to an ERCOT central database.  Where communication equipment does not exist or automatic communication from the device to ERCOT is not practical, facility owners who have installed DDR's may 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 should be made within 24 hours after the event to allow the transmission provider adequate time to retrieve the data.  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 members 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 entities, upon request, for the analysis of system disturbances. 

Maintenance and Testing Requirements:

DDR equipment must be properly 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

Note: This section addresses NERC blackout recommendation 14. 

From time to time DWG will simulate an actual disturbance event for the purpose of assessing the fidelity of the ERCOT dynamics models and data with actual system performance during the event.  DWG will perform these event simulations when requested by ROS.  In addition, DWG will annually consider recent significant events to determine their suitability for an event simulation.  DWG will consider their work load and the type of information likely to be obtained in making a decision as to whether to simulate an event. 

3. Procedural Manual Revision Guidelines

Note: This section addresses requirements stated in NERC Standards MOD-013-0 (R2). 

The DWG is responsible for maintaining and updating this Procedural Manual.  Revisions, additions and/or deletions to this Procedural Manual may be undertaken at such times that the DWG feels it is necessary due to changes in PTI dynamic simulation software or to meet new and/or revised requirements of NERC, ERCOT, or any other organization having oversight or regulatory authority.

At least annually, the DWG Chair shall notify the DWG requesting each member to make a thorough review of the current Procedural Manual for any needed revisions.  The notification will request that proposed revisions be submitted to the DWG Chair (or the Chair’s designate) for consolidation and distribution to all DWG members for comment and/or additional revision.  Depending on the magnitude and nature of the revisions being considered, this review process may require more than one cycle before approval is considered.  The DWG Chair should give consideration to being able to complete the review and revision process in time to avoid any delays in collecting dynamic data or completing other DWG work.

The DWG Chair may seek approval of any revision, addition, or deletion to the Procedural Manual by email vote, regular meeting, or called special meeting as deemed necessary or requested by DWG membership.
Appendix A – Dynamic Data Screening Guidelines
Included in the data screening check should be, as a minimum, the following items:

(1) The starting base case is derived from the latest Steady State Working Group base case at the beginning of the flat start process.  The DWG will make modifications to the base case as necessary.


(2) Units and plants (excluding wind and solar) should be represented as follows:

(a) The dynamics data should be consistent with the generation representation in the SSWG case being used, when possible.  In accordance with the SSWG procedural manual, all non-self-serve generation connected at 60kV and above with at least 10 MW aggregated at the point of interconnect must be explicitly modeled, including explicit modeling of the step-up transformer(s).
(b) A unit’s Qmax should not contain external power factor correction capacitors netted into it.  Such capacitors should be modeled explicitly in the Switched Shunt data block of the base cases.
(c) Existing plants in the case with total generation less than 50 MVA may be netted.  Generation new to the case with less than 10 MVA capability may be netted.  Netting as used here is defined as converting the generator model to a negative MVA static load model for the purpose of dynamic simulations.





· 
(3) Each unit should have consistent unit identifiers from year to year.  PSS/E format allows a two-character alphanumeric field.  This must be coordinated through the SSWG.

(4) Machine impedances and corresponding base units:
(a) Unit data must be supplied using its own MVA base and kV base, and should be represented correctly.
(b) Zsource data provided in the SSWG base cases should match the dynamics data.  Zsource must be the unsaturated subtransient reactance of the machine (X”di) for GENROU, GENSAL, GENDCO, and FRECHG models and must be the transient reactance X’d for the GENTRA models.

(c) If data in (a) or (b) is incorrect, the responsible DWG member will submit data to correct the discrepancies.

(5) Units that are not dispatched should have dynamics models and data in the dynamics database for completeness of data so that alternative dispatch scenarios may be studied.

(6) Unit data checks

(a) Realistic values (Actual values determined from unit testing should be used whenever possible) should be used for Pmin, Pmax, Qmin, and Qmax.  The Pmax value in the dynamics data should be compatible with the Pmax value used in the load flow data.  With very rare exceptions, small changes in a machine’s Pmax value are not significant for study purposes.  Use of default values is not acceptable for both power flow and dynamics data.  This must be coordinated with the SSWG.  For those situations where Pmax values have been changed in the SSWG case being used for a flat start without corresponding changes in the latest dynamics data, DWG recommends the following approach:
· Create a program to change the current year load flow case Pmax values to last years values unless the Pmax value has changed by more than 5 %.

· Where the Pmax has changed by more than 5 %, examine the new value and ascertain the reasonableness of the new Pmax.

· If the Pmax change is reasonable, change the dynamics database to match the new value in the SSWG case being used for the flat start.

(b) Screening checks should be performed on the power flow model used in association with the dynamics data.  The following are examples of screening checks to be performed:

· Pgen + jQgen <= 115% of MVA base

· Qmax >= Qmin

· Zsource not equal to 1.0 pu

(c) Screening checks should be performed on the dynamics data.  The following are examples of screening checks to be performed:

· Inertia constant should include both turbine and generator

· Generator reactance data is unsaturated

· Refer to the PSS/E Program Application Guide, Volume 2, Chapter 21 for use of activities DOCU, ESTR, ERUN, GSTR, and GRUN in data screening

(7) 
(8) User-written models must be compatible with the version of PSS/E used in the flat start, and must be provided to the DWG with the flat start data.
(9) 
Appendix B – Flat Start Guidelines
The information in this appendix is tutorial in nature and is, therefore, not intended as a standard for performing flat starts.  The following sections present an approach that can be used to perform flat start:

C. Flat start with no dynamics models for Wind Plants

Directory Structure

All final files will be stored at the working folder level, while intermediate files used during the flat start process will be stored in separate subfolders within the working directory folder.  File names and folder location are reflected in the IDV files.  As an example, Fig.1 shows the tree directory for the working directory “2004CSC”.

Fig. 1 Working Folder Directories
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As shown in Fig. 3, the flat start process requires the following iterative steps to produce a successful dynamic flat response to a no-disturbance simulation.  Any error along the steps or large departures from recommended practices will require user intervention and a re-start of the process. 

Step 1: Update of data files

What to do: update the individual files using a suitable tool.

Output: updated data files

Base case update (*.sav)

The starting base case is derived from the latest Steady State Working Group base case as posted in the ERCOT website and could contain already implemented updates, zone modifications, deletion of type 4 buses, generation control adjustments, etc.  This initial base case is renamed “ercot.sav” and stored in the Case folder.

Typical additional updates to the base case include:

· changes to the network such as PGEN, PMAX, VSCHED,  Use CNTB to identify any  bus voltage control conflicts 

· zsource value matching between the base case and the DYR file

· gnet of generators lacking dynamic models

· conl load model conversion

· conversion of generators

Each of the updates/corrections will be implemented via an IDV file.

Dynamic files update (*.dyr)

Each TDSP’s dynamic model data are compiled into DYR files and aggregated into a single file, “ercot.dyr” saved in the DYR folder.  User model calls will be also included in this final file.  Whenever a model data is flagged for errors during the flat start process, the original DYR file will be updated/corrected and a new “ercot.dyr” prepared.

User Models update (*.for, *.flx, *.obj, *.lib)

Most user models are ready for use, free of errors.  Only in rare situations, the model will need correction (such as wind farm models), requiring access to the model code in Fortran or Flex.  The updated model will be compiled into a Fortran Object (*.obj) and then grouped into a Fortran library (*.lib) or be used directly in the link process (Step 4)

Step 2:  Make a Converted Case

What to do: run PSS/E Dynamic module and then run MakeCnv.idv

Output: ercot.cnv, a converted case saved at the working folder level.

All the base case changes are implemented within a single master IDV file (MakeCnv.idv) which calls the corresponding IDVs files, iplan and PSS/E activities to produce a converted case “ercot.cnv” saved at the working folder level.  While it is recommended that the converted case converge within one (1) iteration using the TYSL solution method, two (2) is the practical number of iteration usually achieved. (Check the “progress screen”).

Below are the contents of MakeCnv.idv (as used in the 2004 flat start process)

MENU,OFF      /* MakeCnv.idv: read ercot.sv and convert it to ercot.cnv

LOFL

CASE

Case\ercot.sav

@input, "IDVs\Adj_Dispatch_2004.idv" 

@input, "IDVs\cnp_changes 2004.idv" (CenterPoint Changes)

@input, "IDVs\Oncor_changes.idv"

@input, "IDVs\Aep_changes.idv"

@input, "IDVs\M_zsource_all07.idv"

@input, "IDVs\M_GNET07.idv"

@input, "IDVs\Ercot_ConL.idv"

Exec "iplan\LoadFLow.irf" "1"       <- run flat load flow

Exec "iplan\LoadFLow.irf"             <- run load flow

CONG

ORDR

FACT

TYSL

TYSL                                          

SAVE

ERCOT.cnv

RTRN,FACT

@END

Step 3:  Make a Snap file

What to do: run MakeSnap.idv

Output:

ercot_angle.snp, a SNAP file with the generator ANGLE set as a channel for all generators in the base case.

ercot_nochan.snp, a SNAP file with no channels, for the user to customize it.

conec.flx, conet.flx and compile.bat files, used during compilation

The data in the final “ercot.dyr” together with information on variables to be monitored during the simulation (channels) are processed to generate a SNAP file by running “MakeSnap.idv”.  Data files (conec.flx, conet.flx, compile.bat) with information about the user model calls are also prepared ready for the compiling process (Step 4). 

If there are User Models, quit PSS/E and go to step 4, otherwise continue to Step 5. 

Below are the contents of MakeSnap.idv (as used in the 2004 flat start process)

MENU,OFF      /* Makes a SNAP file

DYRE

DYR\ss07sum1_CSC_DWG.dyr

conec.flx

conet.flx

,,,

compile.bat

SNAP

ERCOT_nochan.snp

, , , , ,

BAT_CHSB 0 1     -1     -1     -1 1  1 0

SNAP

ERCOT_angle.snp

, , , , ,

ECHO

@END
Step 4:  Fortran compiling process

(Skip this step if there is no User Models in this flat start process)

What to do: Quit PSS/E, open a DOS window pointing to the working directory, set the correct paths for the Fortran compiler (run DFVARS.bat, also run SetPSS/E29_patch.bat if PSS/E path was incorrect) as needed and then run

C:\...\compile

C:\...\cload4
Or

C:\...\compile usermodel.flx  (if usermodel was used)

C:\...\cload4 usermodel

…

Output:  DSUSR.dll, a user model library callable by PSS/E.  Other files (conec.obj, conet.obj, dsusr.lib, dsusr.exp, dsusr.map) are created but not needed for the final run.

In step 5, during starting of PSS/E dynamics, DSUSR.dll will be loaded and used for the simulations.

Fig. 2  Screen Example of the Fortran compiling process
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Step 5:  Running the Flat Start Simulation

What to do: re-start PSS/E, verify that the DSUSR.dll file in the working directory is loaded by looking into the PSS/E DOS window and then run the “RunFlat.idv”

Output:

RunFlat.err, file containing run messages.  Check for the “STRT” and the “INITIAL CONDITIONS SUSPECT” sections to detect errors.

RunFlat.out, the output data file ready for plotting

The flat start simulation runs for 10 seconds, using an integration step of ¼ cycle (0.004167) and other miscellaneous settings.

Below are the contents of RunFlat.idv (as used in the 2004 flat start process)

MENU,OFF      /* RunFlat.idv - flat start, run it after MakeSnap.idv

altr

6

Y

99,0.4,,0.4,

Y

,,0.004167,,,

N

N

0

0

BAT_SET_NETFRQ 1

BAT_SET_OSSCAN 1 0

BAT_SET_GENANG 1 180.00

BAT_SET_GENPWR 1   1.10

BAT_SET_VLTSCN 1   1.50  0.50

BAT_SET_RELSCN 0

PDEV

2 0 1

RunFlat.err

ODEV

2 1 1

RunFlat.err

STRT

RunFlat.out

0

RUN

10,99,15,0

Step 6:  Plotting the Flat Start simulation results

What to do: Start the PSS/E plotting tool, Pssplt.exe, which is pointing to the working directory and then execute “PlotFlat.idv”

Output:  in the report screen, list of 12 channels with “Worst Channel Deviation”

The user will complete the Plotting process by selecting 6 channels and plotting them.  The expected results to the no-disturbance simulation are six nearly straight “flat” lines.  Check the scale of the plots for y-axis scale too big. Acceptable range for the worst channel deviation is less than 0.001 

CHANEL IDENTIFIER                        INITIAL VALUE    DEVIATION         TIME (SECONDS)

   223  ANGL 12322 [ENTRAC1116.000] [1 ]     55.44         0.1549E-02       8.8049

   366  ANGL 60000 [DSKY2 PP34.500] [1 ]     26.33         0.3777E-03      10.0007  

Below are the contents of PlotFlat.idv (as used in the 2004 flat start process)

MENU,OFF      /* PlotFlat.idv: ID worst angle deviations

CHNF

RunFlat.out

RANG

1

SCAN

5

4

1 409

12

ECHO

@END
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PSS/E Dynamic Simulation Activities used to perform the flat start. 

For more information refer to the PTI Program Application Guide Volume 2, Chapter 12.

Activities to make a converted case:

Activity LOFL

This activity is used to retrieve the load flow case. Select the ERCOT load flow case to be studied from the working directory 
 

Activity RDCH – to make network changes

With this activity, network updates will be applied to the base case.

Also used to make zsource changes such the zsource value in the base case will match the value provided in the dynamic data (usually performed by executing a ZSORCE idv file.)

Activity GEOL ALL 

This activity will list machine terminal conditions. Check for MBASE of 0 and correct. GEOL checks machine reactive loading against an assumed capability curve.   This calculation uses MBASE. Units operating outside of their reactive limit will show up “overloaded” and the reactive output should be reviewed and corrected if necessary. This activity must be used for screening the data. . 
Activity FNSL OPT

This activity is used to solve the selected load flow case using the Full Newton-Raphson solution method. Modify load flow parameters if needed.

Activity GNET

(usually performed by executing a GNET idv file)

This activity converts a generator bus to a load bus for lack of dynamic models.

Activity CONL
(usually performed by executing a CONL idv file) 

This activity converts constant MVA load to desired constant power, current, and admittance characteristics. 

The three choices are:

1. Constant power – power remains constant, P= k

2. Constant current – power varies linearly with V, P= VI*

3. Constant admittance – power varies quadratically with V, P=V2*Y

Activity CONG ALL

This activity converts all on-line generators (fixed power and voltage source) to a NORTON current source equivalent that is used by the DYNAMICS program.

Activity ORDR

Produces an optimal ordering of the internal working matrices.

Activity FACT 

Factorizes admittance matrix for activity TYSL

Activity TYSL 

This activity is a triangularized Y matrix network solution used in dynamics studies. Cannot handle fixed power and voltage LOADFLOW generation representation. It produces very small mismatches (If TYSL takes more than two or three iterations to reach tolerance, review the original LOADFLOW until a good solution is obtained) so that initial conditions are good for dynamics.

Activity SAVE

This activity saves a load flow case. 

Activity RTRN 

Returns to DYNAMICS program

Activities to make a SNAP file

Activity DYRE

This activity reads in the dynamics data file created by ERCOT. 

Note and document any error messages. You will be asked for the ”CONEC’’, ‘’CONET”, and “COMPILE” file name. 

Activity CHSB

This activity is similar to the activity CHAN except that it allows the user to select a subsystem for monitoring simulation variables.

Activity CHAN 

This activity selects the output channels to be stored during the dynamic simulation. Typically, ANGLE, PELECTRIC and ETERMINAL are selected. The bus number and machine number for each unit must be given for each output channel picked.

Activity SNAP 

This activity stores the data associated with the modeling of dynamic equipment.  Execute SNAP and save the dynamics data to a snap file. 

Activity STOP

Activities to FORTRAN compiling:

If DYRE places no model calls in CONEC or CONET, you will get the following message:

“NO MODEL CALLS IN CONNECTION SUBROUTINES – DYNAMICS SKELETON MAY BE USED”.

Skip the COMPILE and CLOAD4 steps.

If DYRE placed any model calls in CONEC or CONET, you will be instructed to “COMPILE AND CLOAD4 BEFORE RUNNING SIMULATIONS” See following paragraphs for details.

 From DOS, open the WORKING directory. To perform the next two steps, the computer system must include a FORTRAN compiler with all patches recommended by PTI. 

From DOS and the working directory:  

Execute COMPILE 

Execute CLOAD4 

If user-defined models are present, they should be included on the command lines, for them to be compiled and linked as well.

Execute COMPILE MyUserModel

Execute CLOAD4   MyUserModel

This compile command links the user model, CONEC and CONET to PSS/E by creating a file called "DSUSR.DLL", a dynamic link library used by PSSDS4.

Activities to run a simulation:

PSS/E Dynamics first looks for the file "DSUSR.DLL" that is located in the

 working directory, needed when user model are included.  If the dll file is not there, it will use the default copy located in PSSLIB, which does not contain any user models.

Activity RSTR

Read in the snapshot file saved during setup.

Activity LOFL

Activity CASE 

Read in the converted  case saved during setup.  

Activity ORDR

Activity FACT

Activity TYSL

Activity RTRN

Activity ALTR 

This activity changes the solution parameters (6) time step (DELT) to 0.004167 Seconds (¼ cycle). Note that some induction machines may have very small time constants requiring time steps of 0.000104 seconds (1/16 cycle).

Activity STRT 

This activity sets initial conditions and performs numerous data checks. 

The number of errors may be too large so it is better to create an error file to save errors to. To do this:


Activity OPEN - Give file name to save errors


Activity PDEV

You must check all initial conditions reported by STRT carefully. The initial load flow should converge in one iteration.  Note that a state is a variable with a constant initial value. A DSTATE is a time derivative of the sate variable. Since there are no disturbances, DSTATE should be zero.  The listed DSTATE values should be within 3% to 5% of the corresponding state value. 

Also, upon completion, STRT instructs the user to enter the simulation output filename to be used by activity RUN in the dynamic simulation.  The user will also be asked to enter a snapshot filename to preserve the system initial conditions. No snapshot filename must be specified at this time.

Activity RUN 

This activity does the numerical integration of the differential equations (the simulation). You must enter a value for TPAUSE and NPLT. TPAUSE is the duration of the simulation. To test the simulation setup, run the simulation for 10 seconds. NPLT is the interval in # of time steps to write the simulation output to the channel file for plotting (NLPT should be an odd number).


TPAUSE 
= 10


NPRT      
= 3


NPLT 

= 1


CRTPLT
= 3

Activity STOP  

When the simulation is over, this activity terminates execution of PSSDS4.

Activities to plot the simulation run results

Run PSSPLT,  the PSS/E plotting program.

Activity CHNF 

 Enter name of simulation output channel file.

Activity RANG 

This activity scales the output channels. Choose option which generates common scale (X).

Activity IDNT

This activity identifies the output channels. You must give it a range.  No identifier mask needs to be given.

Activity SCAN

Choose option for maximum angle spread Option (3) 

Activity SLCT 

This activity selects the output channels to be plotted once identified. The output channels are automatically scaled by the RANG activity but you should choose a scale that will be large enough for consistency and comparison purposes. Six channels may be plotted at a time.

Activity PLOT 

This activity plots the output channels chosen. A title for the PLOT can be given.

Activity STOP 

You must get out of PSSPLT before any plots will be made. Once you are out, you are asked for the number of copies wanted and the name of the plotting device.

D. Flat start with dynamics models for Wind Plants

The Wind farms models for dynamics simulations may include addition of collector networks to the base case describing the wind farm with its equivalent generators, addition of dynamics model calls to the dynamic data and updating the corresponding wind machine user models if needed.

DWG uses PTI developed iplan programs that will update the base case and the dynamic file.  The iplan program to use will match the type of machine in the TDSP’s wind farm.  DWG modified the source of some iplan programs to facilitate the process, producing corresponding DWG version of the compiled iplan (*.irf).  Associated data files are prepared per wind farm as needed by the iplan program.

Directory Structure

All final files will be stored at the working folder level, while intermediate files used during the flat process will be stored in separate subfolders within the working directory folder.  File names and folder location are reflected in the IDV files.  Table XX shows a recommended tree directory for the “07FlatWind” working directory.

There is a folder per each TDSP containing subfolders per each wind farm.  All data require to run the iplan programs are stored in the individual wind farm folder. 

Iplan runs

For an individual wind farm, a single IDV file will execute all commands needed to modify the base case and create individual *.dyr files.  For a TDSP, a global IDV file will process all wind farms IDVs at once.  The modified base case is saved as ErcotWind.sav (stored in the CASE folder) and the individuals *.dyr files created per wind farm are aggregated into a single TDSP.dyr file (stored in the DYR folder.)

Fig. 4 shows the steps needed to incorporate the wind farm dynamic model into the simulation.  Notice that once the iplans have been run and the ErcotWind.lib file has been created (as described in the next section), the steps to follow are very similar to those in a common flat start process.

Aggregation of dynamics data

This process will produce a single *.dyr file for all the wind farms connected to each TDSP and together with the original ercot.dyr file (dynamics data not including wind farm data) these files are aggregated into a file named “ercotwind.dyr”  Such process is done by running the “MakeErcotWinddyr.idv” located in the DYR folder.

Fig. 4  Flat Start incorporating Wind farm Dynamics Models
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Table 1 - Directory and files to include Wind Machines models
	07FlatWind directory tree
	Files in 07FlatWind
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	TDSP’s Wind Farms Directory Tree
	Wind Farms Directory Tree (TWPP)
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	TDSP’s Global IDV file for all Wind Farms
	Wind Farm IDV file (TWPP)

	Text, ALL LCRA Wind Farms

@input DelawareMWF_main.idv

SAVE '..\Case\BC0+DelawareMWF'

@input TWPP_main.idv

SAVE '..\Case\BC1+TWPP'

SAVE '..\Case\ERCOTwind.sav'

Exec "..\Ipl\append.irf" "*.dyr" "..\Dyr\lcraWind.dyr"

@end

Text, End ALL LCRA Wind Farms.
	TEXT, TEXAS WIND POWER PARTNERS

@input TWPP\TWPP_KT_Collector_Bus_Details.IDV

Exec "..\ipl\LoadFLow.irf" "1"

EXEC ..\WINDMACHINES\STATIC\STATIC3_DWGR2.IRF

@input TWPP\TWPP_KT_Dialog.idv

Exec ..\Ipl\LoadFlow.irf

@end

TEXT, END OF TEXAS WIND POWER PARTNERS


Making the Ercot Wind Library

Fortran Source Code Update

Whenever a Fortran source code (*.for) of a wind machine dynamic model needs to be corrected or updated, such source code will be compiled to create an OBJECT file (*.obj)  From an open DOS window within such model folder, run the corresponding XXX_compile.bat file to compile all *.for files into their corresponding *.obj files.

Machine Library

For each machine there is a collection of *.obj files which will be aggregated into a single library file.  Updates to the model by PTI or the developer of the wind machine may be distributed only in *.obj format or *.lib format.  From an open DOS window within such model folder, run the corresponding XXX_make_lib.bat file to store all *.obj files into a single XXX.lib file.

Table 2 - Directory and files to process Wind Machines model objects

	Wind Machines Directory Tree
	Wind Machine files (GE1500)
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	Objects Directory
	CreateERCOTwindLib.bat
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	@REM

LIB /OUT:..\ERCOTWIND.lib GE1500/OBJECTS/GE1500.lib V47/OBJECTS/V47.lib V80/OBJECTS/V80.lib MICONnm72/OBJECTS/NM72.lib SHARED/OBJECTS/SHARED.lib STATIC/OBJECTS/STATIC.lib

@REM Done creating the ERCOT WIND object library


ErcotWind.lib (aggregation of all machine’s *.lib file) is built by running the MakeERCOTWindLib.bat from an open DOS window at the Wind Machines folder

Flat Start Run with Wind Machine Models included

The user will proceed with the flat start as described in Fig. 4:

· run MakeCnv.idv

· run MakeSnap.idv

· Fortran-compile the wind farm user models

· run RunFlat.idv

· run PlotFlat.idv

If any error is reported along the steps or large deviation of output values are found after the runs, the process shall be repeated after correcting/updating data where appropriate. 

Appendix C – Voltage Stability Study Guidelines

Placeholder:  In 2003, the DWG developed the document “ERCOT Transient Voltage Security Criteria Development (Part I)” to address a request from the ROS on the subject of transient voltage criteria.  Included in that document was a detailed procedure for conducting a transient voltage study.   
Appendix D – Dynamics Working Group 2006 Roster 

At least one entry per ERCOT area as defined in the base cases:
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David Milner 
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Lower Colorado River Authority
Tom Bao
Public Utilities of Brownsville

James McCann
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John Moore 

TXU Electric Delivery
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ERCOT System Planning

Jose Conto
ERCOT System Planning

John Schmall
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Makes the COMPILE.bat file, makes the SNAP file Ercot_angle.snp
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>COMPILE UserM


>CLOAD4 UserM





COMPILE and CLOAD4 the user defined models into dsusr.dll





run PSS/ePSS/E Dynamics:


run RunFlat.idv
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cycle integration step, data output to RunFlat.out 





run PSS/ePSS/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
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Converts the modified base case and save it as Ercot.cnv





Fig. 3  Flat Run Process Cycle








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