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FOREWORD

This Procedural Manual is intended for use by the 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 inter-connected systems.

The majority of ERCOT member utilities 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.

Section II of this Procedural Manual describes the data requirements for the modeling of generation associated equipment for use in dynamics studies. Included in Appendix A are the dynamics data sheets used for the documentation of generation equipment characteristics. This section also describes the requirement for documentation of revisions to existing dynamics data. 

Section III of this Procedural Manual describes the basic procedures for the screening and checking of dynamics data before it is submitted to the ERCOT Independent System Operator  (ERCOT-ISO) to start the annual dynamics data base update.

Section IV of this Procedural Manual documents the basic procedures required to run a flat start using the annual ERCOT dynamics data base. 

I. INTRODUCTION

Maintaining an acceptable level of power system reliability with the increasing demands on generation and transmission systems requires the knowledge of power system stability margins.  As a result of the inter-connection between power systems, disturbances, which occur on one system, may affect the operation of another. In order to adequately simulate the behavior of the ERCOT inter-connected systems it is necessary to develop and maintain representative dynamics simulation cases of the system using actual equipment data and to utilize widely available dynamic simulation software.  The ERCOT Steady State Task Force (ERCOT-SSTF) power flow cases provide transmission system representations which, along with the dynamics database, are used by the Dynamics Task Force (DTF) to create dynamic simulation cases.

As stated in the Engineering Subcommittee Procedures, the ERCOT members are responsible for submitting the revisions or additions to the dynamics data for their control area to the ERCOT-ISO.  The ERCOT-ISO receives updates from the task force and updates the ERCOT dynamics database.  The newly revised ERCOT dynamics database is then released to the Task force Chair.  Then dynamic simulation cases for the current year and a future year determined annually by the Task force are created.  This process is repeated annually.

II. DATA REQUIREMENTS

A.  New Dynamics Data

The DTF utilizes the data sheets included in Appendix A to collect dynamics data for new generation equipment
. These data sheets include models for  generators, step-up transformers, exciters, turbine, governor, and stabilizers. The procedure for submittal of dynamics data for updating the ERCOT dynamics data base is as described in the Engineering Subcommittee Procedures.

B.  Revising Dynamics Data

For revisions to the existing dynamics data, the DTF utilizes the previous year dynamics database book report. The member red-marks the required changes and submits the original red-marked copy to the ISO. The procedure for submittal of dynamics data for updating the ERCOT dynamics database is as described in the Engineering Subcommittee Procedures.

C.  Unspecified Resources (USR's)

The ERCOT-SSTF future year power flow cases may contain USR generators to represent existing resources for which capacity commitments have not been made (Zone 998) or new units which have not been approved for construction (Zone 999). If the USR generator represents either the remaining capacity or the full capacity of an existing unit for which a capacity commitment has not been made (unit is in Zone 998), dynamics data for the USR unit need not be submitted as the power flow case will be modified to remove the USR unit and increase the capacity on the existing unit as appropriate before DTF releases the case for dynamics studies. The DTF member for the control area where the USR and existing units exist will notify the ERCOT-ISO with the Bus #'s of the USR units to be removed and the associated Bus #'s of the existing units on which the Pgen and Pmax values should be adjusted. Where the USR is a new generator not approved for construction (Zone 999), the DTF member for the control area in which the unit is located will submit typical data for the USR unit modeled in the power flow case to the ERCOT-ISO. Appendix B shows typical data that DTF has approved for various sizes and types of units and this data should be used if it matches the USR unit modeled. Where a different size or type of unit is modeled in the power flow case, the DTF member is responsible for submitting typical dynamics data for that unit.

D. High Set Under Frequency Data

As required in the Appendix of the ERCOT Engineering Subcommittee Procedures under Dynamics Task Force, a high set under frequency data base is to be reviewed and maintained by the DTF and submitted to the ERCOT-ISO on a yearly basis.  The data shall contain the necessary information for dynamic studies to properly represent the standard under frequency relay model where the initiation setting of the relay shall not be any lower than 59.7 Hz.  One, of several, PTI models available for such use is “LODSHD”.  LODSHD is defined in the PTI Program Operation Manual – Volume II under the CONEC and CONET Model Data Sheets.  The LODSHD model is summarized as follows: 

LODSHD (Under Frequency Load Shedding Relay Model):

I,’LODSHD’,HZ,T,F,,,,,,,TB,Q/ 

were:

I  = Bus Number

HZ = First Load Shedding Point (Hz)

T = First Point Pickup Time (Seconds)

F = First Fraction Of Load To Be Shed

TB = Breaker Time (Seconds)

Q = Nominal Shunt MVAR Not Subject To Load Shedding

Note:  Other load shedding relay models are available in the PTI manual.

E. 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 DTF. However, because they can affect dynamic performance, the DTF 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 DTF. The specific information to be considered for inclusion will depend on the type, purpose, and scope of study.

The PTI 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. 

Protection, control, and special protection systems included in the DTF database, or book, should be in the form of a standard PTI 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 Engineering Subcommittee task forces only need to be referenced in the DTF book.

The responsible DTF member, as part of the annual database update, should add identified protection, control, and special protection systems to the DTF database, or book. The responsible DTF member, as part of the annual database update, shall review and update as necessary protection, control, and special protection systems already in the DTF database, or book. This review should include evaluating the existing data for applicability and accuracy. Obsolete data should be deleted. Both additions and updates are due when the high set under frequency relay scheme updates are due.  

III. Annual Database Update Process

A. ISO Letter

By the end of each September, the ISO will send a letter to all power source owners reminding them to submit any dynamics model or data changes to the affected DTF member. The information will normally be due by the end of the year.

B. Model and data review by DTF members

DTF members are the recipients of dynamics models and data. The information received should be reviewed for completeness and applicability. The data should be appropriate for the model, and the model should be appropriate for the equipment.  The ‘ERCOT Modeling Guide for Dynamic Stability’ provides additional information about modeling. If there are questions or problems, the DTF member should discuss and resolve them with the power source owner.   

C. February DTF meeting 

An appropriate amount of time will be allotted to the February DTF meeting to plan the annual stability database update. Items to be discussed include any issues and a final schedule for completion of the database update. The DTF Chair shall distribute data update forms and stability database sheets for member use in updating stability data. During this meeting, Task Force member(s) volunteer to perform the “Flat Start” on the updated dynamics data.   

IV. DYNAMICS DATA SCREENING PROCEDURES

Each DTF member must perform dynamics data screening before submitting it to the ERCOT-ISO. Included in the data screening check should be as a minimum the items listed and described below.

A. The dynamics data provided should be actual equipment data.  The database is developed as much as possible with actual dynamics data.  This includes generator, step-up transformer, excitation system, turbine, and governor models as well as other models (load, stabilizers, relays, etc.). The actual equipment data is derived from field testing or manufacturer data sheets. Classical data may be submitted when test data are not available.

B. DTF format is compatible with SSTF power flow models.

Currently, the SSTF power flow models are developed using the PTI format.

C. Units and plants should be represented as follows:

1. Units should not be lumped together.

2. Plants with total generation less than 50 MVA may be netted out.

D. Each unit should have consistent unit identifiers (1-9, A-Z).

Unit identifiers should be consistent from year to year.  PTI format allows one two character alpha-numeric field.

E. Dynamics data must be provided in machine MVA base.

1. Each unit data must be supplied using its own machine base as represented in the SSTF power flow cases.  The machine kV base must also be represented correctly.

2. Zsource data provided in the SSTF power flow cases must match the dynamics data. Zsource must be the unsaturated subtransient reactance of the machine (Xdi”).

F. Units not dispatched must be modeled with a status "0", or off-line, in the power flow model. Units that are not dispatched should have dynamics models and data in the dynamics database for completeness of data as well as to simulate other scenarios.

G. GSU Transformer Representation.

1. The GSU transformers should be represented explicitly for all units.

2. Correct tap ratio (verified by getting actual tap setting on the GSU) must be used for GSU transformer, which is not always 1.0.

3. In all power flow cases, voltage should be regulated no farther away than the high side bus of GSU transformer.

4. The correct R and X values (based on manufacturers test data) should be used for the GSU transformer impedance.

H. Unit data checks.

1. Realistic values (based on calculations specific to each unit. Actual values determined from unit testing should be used whenever possible) should be used for Pmin, Pmax, Qmin, and Qmax.  Use of default values is not acceptable in both power flow and dynamics data.

2. Screening checks shall be performed on the power flow model used in association with the dynamics data.

The following are examples of screening checks to be performed.

a. Pgen + jQgen <= 115% of MVA base

b. Qmax >= Qmin.

c. Z source data provided in the SSTF power flow must match the dynamics data.

3. Screening checks shall be performed on the dynamics data. 

The following are examples of screening checks to be performed.

a. Inertia constant not equal to zero (should include both turbine and generator).

b. Generator reactance data is unsaturated.

c. Activities DOCU, ESTR, ERUN, GSTR, GRUN, and VCHK.

I. Station service/auxiliary load representation is represented at the discretion of each company.

J. Standard models should be provided in addition to user defined models.

Part of the DTF charge is to build a database that is convertible to different formats.  Some programs, such as PTI, allow for user defined models to be built.  These models will need to be converted for use in other programs.  Until these models are converted, standard models should be provided along with the user defined models.  The data are to contain the following items.

*  Standard PTI models

*  User written models

*  Approximations of user written models in PTI/standard format

K. Members must perform initialization of data with no errors and demonstrate that simulation output channels do not change for a ten second run with no disturbance prior to submittal to the ERCOT-ISO.

L. Load models for P + Q should be provided.

Appropriate load models i.e., constant P, Q, I, & Z should be provided by each company.

M. Each company should provide an IDEV file specifying the desired output channels.

V.  FLAT START PROCEDURES

The flat start is performed by the Task Force members assigned at the February meeting of the Task Force. The following steps are followed to perform the flat start.

Create a working directory for saving working files: C:\STAB_WORK

Copy the load flow case(s) to be studied to the STAB_WORK directory. The ERCOT – ISO creates a file SSxxSUM1.SAV containing the ERCOT load flow data for the current year (xx is the current year).

Copy the dynamics data base, BASEAL98.CSV, to the STAB_WORK directory. The ERCOT – ISO creates a file BASEALxx.CSV containing the ERCOT dynamics data for the current year (xx is the current year).  The originally supplied executable file, PSSDS4.EXE, will also need to be copied to the STAB_WORK directory.

Open the PSS/E  DYNAMICS program (PSSDS4)

Activity LOFL

This activity is used to retrieve the load flow case. Select the ERCOT load flow case to be studied from directory STAB_WORK:
SS98SUM1.SAV 

Activity FNSL OPT

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

Activity GEOL ALL 

This activity will list all machine parameters. Check for unit with a status of 1 and a MBASE of 0 and correct. Also, check for units that are overloaded in their reactive capability by doing a GEOL ALL Option 1. This activity calculates new reactive limits for all machines if Xtran is not 0. This calculation uses MBASE so it must be accurate. If the unit is operating outside of these new reactive limits it will show up “overloaded” and the reactive output must be changed by adjusting Vsch, etc. before proceeding. This activity must be used for screening the data if it has not been screened before. If there are any data changes then do activity FNSL and SAVE the load flow case as:  SS98SUM1.SAV

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 CONL ALL 

This activity converts load (constant power) to desired characteristic during bus voltage swings. Typically use 100 % constant admittance.

The three choices are:

1. Constant power – as voltage drops current increases

2. Constant current – as voltage drops power decreases

3. Constant Y – as voltage drops power decreases P=V^2*Y

Activity ORDR

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 original LOADFLOW solution was good) so that initial conditions are good for dynamics.

Activity SAVE

This activity saves the solved load flow case to be used for dynamics study. Save the case as:  DY98SUM1.TYS

Activity RTRN 

Returns to DYNAMICS program

Activity DYRE

This activity reads in the dynamics data file created by the ERCOT-ISO. Read in the following file: BASEAL98.CSV

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


CONEC = 
EXC


CONET= 
EXT


COMPILE = 
EXP

Activity SNAP 

This activity stores the dynamic simulation at the current place in time. We are now at time 0 seconds. Save this file as: DY98SUM1.SNP
Activity STOP

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

From DOS and the C:\STAB_WORK directory:  

EXP [enter]

CLOAD4 [enter]

Note:  This command links CONEC and CONET TO PSS/E by creating a file

called "DSUSR.DLL"  This file is an application extension used by PSSDS4.

Run the copy of PSSDS4 residing in STAB_WORK:

PSSDS4 [enter]

Note:  PSSDS4 first looks for the file "DSUSR.DLL" that is located in the

same directory.  If this file is not there, it will use the default copy

located in PSSLIB.  This is why the copy of PSSDS4 located in the working

directory (STAB_WORK) must be used.

Activity LOFL

Activity CASE 

Read in the snap case saved earlier in the STAB_WORK directory: DY98SUM1.TYS 

Activity ORDR

Activity FACT

Activity TYSL

RTRN

Activity RSTR 

This activity restores the dynamics data. Read in the snap case saved earlier in the STAB_WORK directory:  DY98SUM1.SNP
Activity CHAN 

This activity selects the output channels to be stored for the dynamics plots to be made. Typically, ANGLE, PELECTRIC and ETERMINAL are chosen . The bus number and machine number for each unit chosen must be given for each output channel picked.

Activity ALTR 

This activity changes the solution parameters (6) time step (DELT) to 0.004167 Seconds ¼ 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 that the listed DSTATE values are within 3% to 5% of the corresponding state value. Remember that a state is a differential equation variable. A DSTATE is derivative of the sate variable. Since there has been no disturbance, DSTATE  should be zero, theoretically.

Also, you must specify the output filename when asked. Choose CHSTABEX.BIN No snapshot filename must be specified at this time.

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 a odd number).


TPAUSE 
= 10


NPRT      
= 3


NPLT 

= 1


CRTPLT
= 3

STOP  

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

PSSPLT

This is the PSS/E plotting program.

Activity CHNF 

CHSTABEX.BIN.A.

RANG 

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

IDNT

This activity identifies the output channels. You must give it a range. Since there are only 12 channels in this example, angle, pelectric and eterminal for 4 machines, the range is 1, 12. 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 all faults run for consistency and comparison purposes. Six channels may be plotted at a time.

PLOT 

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

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. Choose.


1, CPLPLOT

PSSDS4 RSTR STABEX.SNP.A, LOFL, CASE DYSTABEX. SAV. A, FACT, TYSL, RTRN.

VI. Annual Data Filing and Distribution

A. Dynamics Data Base

Once the flat start for the required load flow cases has been completed, the dynamics data is filed with the ERCOT-ISO. This filing must be within the schedule stated in the DTF Procedures. The ERCOT –ISO is requested to post the dynamics data base. The dynamics data base is also distributed to each of the DTF members electronically in PTI format. 

B. Stability Book

The stability book is used to document dynamics data changes and/or corrections required during the flat start process. Recommendations to revise load flow data are also included in the book. DTF Members are required to communicate these recommendations to their respective SSTF 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 High Set Underfrequency data submitted by each of the appropriate Dynamics task force members.

VII.  Dynamics Task Force Roster 

Austin Energy



Biju Mathew

Central and Southwest Services

John Moore, Vice-Chair (1999, Chair in 2000)

City Public Service Board


Glenn Pressler

DGG                                                         David McCalla

DM&T                                                       Mark Garrett 

Reliant Energy HL&P

           John Hanson

Lower Colorado River Authority

Sergio Garza

Public Utilities of Brownsville

James McCann

South Texas Electric Cooperative

Charles Bui

TXU



                     Roy Boyer, Chair (1999)

TNMP





Jack McCartney

VIII. PROCEDURAL MANUAL REVISIONS

The DTF is responsible for maintaining and updating this PROCEDURAL MANUAL. Revisions, additions and/or deletions to this PROCEDURES MANUAL may be undertaken at such times that the DTF 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 DTF Chair shall notify the DTF 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 DTF Chair (or his designate) for consolidation and distribution to all DTF 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 DTF 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 DTF work.

The DTF Chair may seek approval of any revision, addition or deletion to the PROCEDURAL MANUAL by E-mail vote, regular meeting or called special meeting as deemed necessary or requested by DTF membership.

Appendix A – Dynamics Modeling Data Sheets

Appendix is available in PDF format only.

Pease see the following internet web site for an electronic copy:

ftp://ftp.ercot-iso.com/dynamic/dynamic.html/dynmodel.zip

Appendix B – USR Modeling Data For Zone 999 Units

The following data describes the load flow parameters for a 3 unit standard USR plant consisting of 2 combustion turbines and 1 steam turbine with a combined 

net output of 750 MW:


 Combustion Turbine


mbase

195


pmax


175


pmin


45


Qmax


85


Qmin


-50


zsource

0 + j 0.116


voltage rating
18 kV


Steam Turbine


mbase

445


pmax


400


pmin


100


Qmax


194


Qmin


-130


zsource

0 + j 0.21


voltage rating
18 kV

The following data describes the load flow parameters for a standard USR conventional steam power plant rated at 750 MW net. It can be used for an output range of 400 MW to 750 MW by adjusting pgen to the desired value.

  
Large Steam Turbine


mbase

835


pmax


750


pmin


350


Qmax


240


Qmin


-90


zsource

0 + j 0.335


voltage rating
20 kV

The following contains the dynamics data for the above standard USR units, in PTI format.

Combustion turbine

XXXX   'GENROU'   1         9.0      4.0E-02    1.0        9.0E-02

                  5.9       0.0       2.0       1.9       0.20

                  0.39      0.116      0.1       0.12       0.26   /dtfct1

XXXX   'EXST1 '   1         0.2        0.17       -.17        0.4

                  0.5      250.0     2.00E-02    7.99        -3.00

                  0.214      0.03       1.0                             /dtfct1

XXXX   'GAST'     1    0.05        0.4       0.25        3.0     0.9

                 2.0         0.9       0.23        0.0             /dtfct1

Steam turbine                 

XXXX   'GENROU'   1         9.0      4.0E-02    1.0        9.0E-02

                  5.5       0.0       2.0       1.9       0.25

                  0.39      0.21      0.12       0.12       0.26   /dtfst1

XXXX   'EXST1 '   1         0.2        0.17       -.17        0.4

                  0.5      250.0     2.00E-02    7.99        -3.00

                  0.214      0.03       1.0                             /dtfst1

XXXX   'IEEEG1'   1  0  0   20.0        0.2      1.0         0.1

                  0.3       -0.3        0.9      0.25        0.25

                  0.245      0.0        8.0      0.272       0.0

                  0.5        0.483      0.0      0.0         0.0

                  0.0                                                  /dtfst1      

Large steam turbine

XXXX   ‘GENROU’     1     5.23     0.041     0.58     0.062

               2.64             0     2.0       1.98       0.408    0.61

               0.335      0.238   0.194   0.591                         /DTFBIG1

XXXX   ‘IEEET1’        1     0.005    400.0     0.02      7.31

               -6.58           1     1.69      0.08        1.0       0

                0            0.65     3.89     0.88                           /DTFBIG1

XXXX   ‘IEESGO’      1      0.18     0.03        0.15     0.25

                10           0.5      17.9     0.17        0.57     0.97

                 0.3                                                                  /DTFBIG1    

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


� PTI has authorized use of the PTI modeling sheets for use by the ERCOT DTF.
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