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1 OVERVIEW

This document provides guidelines for the creation of Network Model changes that are to be
submitted to ERCOT. The Network Model changes may be either created using the Information
Model Management (IMM) editor component of the Network Model Management System (NMMS)
or by submitting a file that is in Common Information Model (CIM) XML format.

1.1 DOCUMENT ORGANIZATION
The document explains how to use the attributes, associations and classes defined in the ERCOT
data dictionary. The classes are organized into two sections. Classes that can be modified by

TDSP’s and classes that can be modeled by ERCOT only. Also there are appendices showing
the validation rules and the list of classes that are not allowed.

1.1.1 Major Sections
The document is broken down into major sections that map to a single CIM package or a
subsection of a package. This breaks down the document into logical subsections that cover

areas such as generation, loads, etc.

The major sections are divided into two groups, those that are anticipated to be submitted by
TSPs and those that are maintained by ERCOT, but would appear in any ERCOT model files.

Introductory sections describing how to perform general modeling tasks are covered first before
the detailed modeling approach subsections.

1.1.2 Modeling Approach Subsection

These are documented, either class by class or as logical group in subsections titled “Modeling
approach for <X>". The modeling approach section will describe the approach a user should take
for modeling this object type. It covers what associations and attributes are needed and how they
should be defined. For more complex modeling concepts, it may include flowcharts or other
diagrams necessary to explain the modeling approach.

1.1.3 Attribute

All the attributes for each of the classes are listed in the Attributes subsection with the required
attributes in Bold.

1.1.4 Linkage

Linkage subsection lists all the required associations or links from the class that is being
described, to other classes.

1.1.5 Appendix A - Validation Rules for Required Fields

Appendix A lists all of the validation rules for attributes that must be defined for a specific class. It
also lists any validation for attributes that must be within a specific value range.

1.1.6 Appendix B - Validation Rules for Required Associations

Appendix B lists all of the validation rules for associations (links) that must be defined for a
specific class.
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1.1.7 Appendix C — Complex Validation Rules

Appendix C lists all the validation rules that beyond the required attributes and links and could
apply to more than one class at a time. It also list all the validation rules that are more complex
than required fields and range checks. These include validation rules that are conditional based
upon certain conditions, involve associations with other attributes, and those that describe
specific data relationships. The validation rule is explained descriptively and not in a formal
language.

1.1.8 Appendix D - Classes Not Allowed Subsection

If a particular CIM class is not used in the ERCOT systems and would potentially break the
ERCOT model, the class will be listed in the subsection titled “Classes Not Allowed”. The
complete lists of classes that are not used are listed in Appendix D.

The appendix of this document contains the complete listing of validation rules that run against
each NMMS NOMCR submission. If any of these rules do not pass, the NOMCR will not be
allowed to be submitted and the user must make the necessary corrections. These rules
document any minimally required attributes, valid data ranges. The validation also ensures that
the submission meets the cardinality defined in the latest ERCOT data dictionary.

1.1.9 Automatic Validation Performed by NMMS Based Upon Data Dictionary

The list of validation rules does not include the validation that is automatically performed by
NMMS for links between objects. These links are validated based upon the data dictionary
definition of the cardinality between the associated objects. There are two cardinality definitions
that are validated, the first is the CardinalityRoleA and the second CardinalityRoleB.
CardinalityRoleA defines the number of objects of the first Class that may exist related to the
second Class.

For instance, in the data dictionary, the link between ThermalGeneratingUnit to
CombinedCyclePlant CardinalityRoleA has a value of “0..n". This means that there may be
anything between 0 and n ThermalGeneratingUnits associated with a CombinedCyclePlant. The
same association has a CardinalityRoleB of “0..1” which means that there may be between 0 and
1 CombinedCyclePlants associated with a ThermalGeneratingUnit.

This validation performed by NMMS follows the inheritance tree and the same validation is done
for all objects that inherit from the object which has the cardinality definition.

For instance, in the data dictionary, a GeneratingUnit has a link to a ResourceNode that has a
CardinalityRoleA defined as 1..n. This means that validation would be performed checking that
there are one or more GeneratingUnits associated with a ResourceNode. It also means that
validation would be performed for HydroGeneratingUnit, ThermalGeneratingUnit,
WindGeneratingUnit and NuclearGeneratingUnit because these classes inherit from
GeneratingUnit. Note: that the cardinality is not defined explicitly for each inherited class.

1.1.10 Further Clarification on Interpreting Data Dictionary and How Data is used
in NMMS IMM

The rules used when dealing with associations/links may help with understanding these
relationships. In general, the direction is defined in the data dictionary by the A and B (e.g. Class
A and Class B, A --> B). The key, however, is that while the IMM Ul uses the direction of the link
to determine which side to display the links, the CIM/RDF export standard uses the cardinality to
determine which side to export links.
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Sample association definition:

Class A Cardinality Class B Cardinality NMMS Label
A B

GeneratingUnit 0.1 DCTie 1.1 PartOfDCTie

The NMMS IMM UI displays links in the direction A --> B.

By default the IMM Ul instance editor will show links to instances of Class B on the Class A side.
This means you will see links in the direction of A --> B. In the definition above, the IMM Ul will
show the link to DCTie on the "link tab" of the GeneratingUnit. If the user wishes to see the links
in the opposite direction, they can do so by pressing the [Options] button and choosing the
appropriate setting.

The NMMS RDF Export lists the links to the Class having lower cardinality under the Class
having higher cardinality.

The CIM/RDF standard recommends that the side with the lower cardinality be exported under
the side having higher cardinality. In case the cardinalities are equal, NMMS is implemented so
that it export the links to Class B under the Class A instance.

This explains why the user sees an inconsistency between IMM Ul and RDF export with the
GeneratingUnit to DCTie relationship. IMM Ul shows the links to DCTie (Class B) under the
GeneratingUnit (Class A). However, RDF Export lists the links pointing to GeneratingUnit
(cardinality 0-1) under the DCTie (cardinality 1-1).

The cardinality order is shown in the following table:

Cardinality Order (Least to Greatest)
0.1

1.1

Below is another example:

Class A Cardinality A Class B Cardin  NMMS Label
alit
yB
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ConductingEqui 0..n BaseVoltage 0.1 BaseVoltage
pment
SynchronousMa 0.1 GeneratingUnit 0.1 GeneratingUnit
chine
Reservoir 0.1 HydroPowerPlant 0..n Provides Water
To(HydroPowerPla
nts)

The links to BaseVoltage (lower cardinality) will be exported under ConductingEquipment
(higher cardinality). Likewise, IMM Ul will list the links to BaseVoltage (Class B) under the
ConductingEquipment (Class A).

The links to GeneratingUnit (cardinality 0..1) will be exported under the SynchronousMachine
(cardinality 0..1). Likewise, IMM Ul will list the links to GeneratingUnit (Class B) under the
SynchronousMachine (Class A). The links to Reservoir (lower cardinality) will be exported

under HydroPowerPlant (higher cardinality). However, IMM Ul will list the links to
HydroPowerPlant (Class B) under the Reservoir (Class A).

1.1.11 Relevant reference documents:
e ERCOT Data Dictionary.
e ERCOT Processes and Procedures.

e ERCOT Training documents.
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2 PROJECT TRACKER AND COORDINATOR

The Project Tracker and Coordinator (PTC) is the single entry point for Operations Model
changes. Modeling data and change requests are initially received in the PTC, where each
submission is tracked through any corrections, resubmission, validation, testing and review.

Upon login to the PTC, the user will see that Project Summary screen shown below in Figure 1.
The Project Summary screen is the base display for the PTC and provides the user the ability to
view, edit, and create both change requests and projects.

. Project Tracker and Coordinator

Ercat.com | ms | T

Network Model Management System

Case Buiter

Project Summary Archive Summary

Market Participant: ERCOT

Print Page | Refresh

Project List
|Se\am Column j ISEIem Opevej ITypE in ciata m

| Project_ID
2

Project_Hame | Project_Type | Description | Owner_Hame | Project_Complete | HEW_HOMCR.
Hame Service 2 HOMCR ji j j  ERCOT u B

Select Caumn =] [setect opere 7] [Tupe indata m

ChangeRequest ID | Name Modified_By | Modification_Date_Time File_Name attached _file_count | 4
asdfasdfasd  ERCOT PUBLIC asdfsad  InterimUpdate MSPBADA2 MSPBADA2 124172008 1:50:59PM  ERCOT_2 4 12_26_2008_13_51_35.xml 1
asdf ERCOT PUBLIC fasdfasd  Interim Update 11:33:31 AM ERCOT_2_3_12_26_2008_11_33_33.xml 0
asdf ERCOT  PRIVATE  fasdfesd  InterimUpdate MSPBADA2 MSPEADAZ 12112008 11:34:11 AM ]
asdfa  ERCOT  PUBLIC fsadfsadf  InferimUpdate MSPBADA2 MSPEADAZ 124002008 506:58 PM_ ERCOT_2_2_12_25_2008_16_07_40.xml []
] |
2008 - 2009 Electric Reliability Council of Texas, Inc. All rights reserved
SIEMENS

[File successfully retrieved. p

-

Figure 1 - Project Summary Display

2.1 PTCPROJECT

A PTC project is a container that is used to group similar change requests. It is a requirement
that every change request belong to a project, even if it is the only change request in the project.
To create a new project the user will click the New Project button on the Project Summary Display
screen. The Create New Project screen shown below in Figure 2 will appear. The user must
designate the project as a NOMCR (Network Operations Model Change Request) project or a
SAMR (Special Action Model Request) project. Required fields are marked with an asterisk. For
modeling purposes, we will only cover a NOMCR project. After the required fields are populated,
the project can be saved.
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i, Create Project Form

ERCOT.com | alk3 | THL Signout

“ERCOT Network Model Management System

Create New project

Print

Project Type " SAMR

FID # Project Complete [~
Created Oct 24, 2008 14:28:30 CST

Created By MSPBADA2

* Hame I

et ERCOT

* Description I

Long Descrigtion ﬂ
|

Cancel

2008 - 2009 Electric Reliability Council of Texas, Inc. All rights reserved

SIEMENS

‘Cleale new project A

Figure 2 - Create New Project Display

Once a project is created, the Edit Project screen can be opened by clicking on the Project ID on
the Project Summary Screen. The Edit Project screen is shown below in Figure 3. Here the user
can make changes to the project, create a new change request, or edit an existing change
request.
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. Edit Project =] B3

Elle Log Gridvisualoptions

ERCOT

ERCOT.com

Refresh | Print Page
Edit Project
Project Information View History
PID # 3
Project Complete [~
Created DEC 01, 2008 11:43:09 CST
rese 2 Last Saved By MSPYEDE2 DEC 02, 2008 10:49:09 CST
Created By MSPVEDE2
* Hame [eet
Onwret ERCOT
* Description [edtene
Long Description ;l
= i [ T
ChangeRequest_ID | Hame | Owner | Visibilitystate | Description | CR_Type | Created_By | Modified_By | ification_Date_Time File_Hame attached_file
| 36 xcunexcz  ERCOT  PRIVATE xzewze  Standard HGUPTA MSENGUPTA  12/2:2008 10:53:03 AM 0
| | 35 xczxczxe ERCOT PRIVATE HCZRENZ Standard MSENGUPTA MSENGUPTA 124252008 10:34:14 AM o
o 34 cuczke  ERCOT  PRIVATE xzczke  Standard MSENGUPTA MSENGUPTA  12:2:2008 10:29:01 AM 0
| 33 czxez  ERCOT  PRIVATE nezuowz  Standard  MSEHGUPTA MSEHGUPTA  12/2:2008 10:27:32 AM 0
31 sdfgsdfg ERCOT PUBLIC Standard 1212008 11:45:06 AM ERCOT 3 1 12 1 2010 11 45 22.xml o
# | 1|
Delete | | withdraw | | Cancel
2008 - 2009 Electric Reliability Council of Texas, Inc. All rights reserved
|Edit the project i

Figure 3 - Edit Project Display

2.2 NETWORK OPERATIONS MODEL CHANGE REQUEST

Transmission Service Providers (TSPs) will submit all types of modeling changes using a
Network Operations Model Change Request (NOMCR). These changes include topological
changes, limit/rating changes, telemetry mapping, and telemetry definitions. The NOMCR
process is defined in the Nodal Protocols and outlines submission deadlines, formats, and
procedures.

A new NOMCR can be created from the Project Summary Screen, the Create New Project
Screen, or the Edit Project Screen. Once a NOMCR is created, the Edit NOMCR screen shown
in Figure 4 will appear. All NOMCR information can be added/edited from this screen.
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wi. Change Request Form =] E3
ERCOT
Network Model Management System
CreateHOMCR. =
W Project Information
PID # 3 Project Complete [~ AHiewe Histary,
Projsctblame kdt Crested By: MSPVEDE2  DEC 01, 2008 11:43:08 CST
Project Owner ERCOT
Short Description cdedg Last Saved By: MSPBADAZ DEC 01, 2008 11:43:08 CST
Full Descrigtion =
W  HOMCRInformation EDITING
View History
HOMCRID # 31 Dynamic Rating Changes Only [~
NOMCR Status SUBMITTED
Swner Mame ERCOT Created By: MSPVEDE2  DEC (1, 2008 11:43:17 CST
Assignedila Last saved By, MSPBADAZ DEC 08, 2008 14:14:08 CST
* NOMCR Name [setg=dia
« Energization Date  [12/24/2008  —
* Short Description  [safgsatg
Full Description I =
=
This is an interim update, please complete the information belows or change energization D ate
« Description of change for interim « Reason for interim update
W  Dependency
* Dependent HOMCRs  [¥ Hone  Select HOMCRs 0 Attached View Dependent HOMCHS
« Dependent SAMRs ¥ Hone | Select SAMRs 0 Attached View Oependent SAMRE
* Associated PMCR ¥ Hone Select PMCR. 0 Attached View Associated PACH
W Upload
CIM HML I Browse | _Import Launch Model Editor
Related Informatian [ Browse - Related Informetion file names
W Submit HOMCR
- Create / View Comments Validation Log
Validate IMM data
Submit HOMCR.
Remove Private Ghanges | withdraw | ceee | cancer | m
| File uploaded sucecsstully P

Figure 4 - Edit NOMCR Display

Once data is entered into the required fields in the Edit NOMCR screen, the user can make
changes to the model. The most common method for making changes to the model is by clicking
the Launch Model Editor button on the Edit NOMCR screen, which will open the Information
Model Manager (IMM). Once model changes have been made in the IMM, the NOMCR must be
validated and submitted for the model changes to be applied to the Network Operations Model.
Validation is performed by clicking the Validate IMM Data button. If the model changes pass
validation, the NOMCR can be submitted by clicking the Submit NOMCR. If the model changes
fail validation, an error message will appear in the bottom left corner of the screen on the status
bar. The validation errors can be viewed by clicking on the Validation Log button. These errors
must be corrected before the NOMCR can be submitted.

Another option for making changes to the model is importing a CIM XML file. This can be done
by clicking the Browse button next to the CIM XML data field in the Upload section of the Edit
NOMCR screen. Once a CIM XML file is selected, the file is imported by clicking the Import
button next to the Browse button. After the file is imported successfully, the NOMCR can be
validated and submitted.
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3 INFORMATION MODEL MANAGER

The Information Model Manager (IMM) is the user interface used to add and modify data in the
Network Operations Model database. The IMM can be accessed by clicking the “Launch Model
Editor” button on the Edit NOMCR screen seen in Figure 4. The IMM, as shown below in Figure
5 will appear.

Model Manager - Microsoft Internet Explorer - =10 X]
Fle Edit ¥iew Insert Tools Help |
e @ =X alm s]TE=E]2]
=@ M3 Instances
& @@ General ’*\
- @ other Data

ERCOT Network

#-@ other Orphans ewer
=@ Contingencies_and_RASs
@ Curves General |Attributes| Links |
E
[
E
i

Single Editor - Edit Instance =2

- (@ List_Information

£ @ Model Version_Information Attributes | Walue
B Fehyork Marme

{8 Schedules Type sysOrphans
ROF ID _{752883B2-D490-4E79-A449-F29FGAESF8 1T}
Description

™ Mon-blank anly Help | Options |

Figure 5 - IMM Main Screen

Market Participants will be responsible for maintaining only a small number of the instances that
are seen in the IMM. A majority of these instances will be in the IMM under the path
Network/Ercot Texas Network. Figure 6 shows the IMM model expanded to show the full ERCOT
Texas Network. The ERCOT Texas Network includes substations, AC lines, and series
compensators, all of which will be modeled by the Market Participants.
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MG) - Model Manager - Microsoft Internet bxplorer =10 X]

Fle Edit Wiew Insert Tools Help

@e @ s axalps]ETE]2]

=@ MG Instances
0@ General P\
other Data
ERCOI Network/ERCOT T Hetwork
other Orphans etwar exas Hetwor
Contingencies_and_RASS

Single Editor - Edit Instance

List_Information

i
i
[
i
B
i
=@ Model_Version_Information Attribut |Value

- @@ Metwork
Base ‘Yoltage

L
L
L
o (@ Curves General | Atributes | Links|
a
L
L

»
< @@ BranchGroup

{- @@ Combined_Cycle_Plants
H- @@ Companies

o @@ Contacts

£l EFS_Meter

<@ ERCOT Settlernent Zones
=N oxas Metworks

= O e N = O = O = T -

0

ERCOT Substations

@@ ERCOT-AC Lines

=-@ ERCOT-Series Compensato
+-@@ ERCOT_Settlernent_Hubs

<@ FlowGate

+-[@ HostControlArea

{- @@ MOIE_Load _Zones

<@ PrivatelseMetworks

=@ Three_Winding_Transformers
@ Schedules [~ Hon-blank anly Help | Options

Fom T T e B = O =T

| | &l

o [T T O

Figure 6 - ERCOT Texas Network

This section will cover the process of making model changes in the IMM by creating and editing a
generic device. For simplicity purposes we will use a substation as an example at this time. The

modeling of more complex scenarios and devices will be covered later in the document.

3.1 CREATE NEW INSTANCE

In order to find where in the model hierarchy a device is modeled it is best to look at the section
on Substations. Here we see that a Substation is modeled under a WeatherZone. To create a

new substation right-click on weather zone and select New, as seen below in Figure 7.
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a (29_1) - Information Model Manager - Microsoft Internet Explorer _ I EIILI

File Edit Wiew Insert Tools Help |
poelasmaxia B &[T 3]
1= ERCOT Texas Network 4|
:DC_E 2 Single Editor - Edit Instance
= mor Network/ERCOT Texas Network

=% ERCOT Substations

General Attributes |Link5|

| |Attributes |value

B Mew
E]--'* WZ_FJ‘“\R_WE Cuk
E]---* WZ_NORTH Copy
w-Wp WZ_NORTH_~ Paste
£

£

£

o N \WZ_SCADA ~— Delte

Rename

oW WZ_SOUTH.

]* WZ_S DIJTHE Template Editar

[]“'* W2 WEST Accounting Wizard

* ERCOT-AC Line Script Definition Wizard

[]...* ERCOT-Series © Calculakion Wizard

= ERCOT_Settlemen  Seript Wizard

FlowGate Export

HostControlArea HTML Reparts

MOIE_Load_cones EXCEL Reports

_| PrivateUseNetwork = o I™ Non-blank only Help | Options

4
—_— Set Tree From Here

@ Done Reset Tree I_I_I_I_I_@ Trusted sites 4

Figure 7 - Create New Instance

il
(k|

The screen seen in Figure 8 will appear in the IMM prompting the user to select an instance type.
Select substation and click the Create Instance button.
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3 {29_1) - Information Model Manager - Microsoft Internet Explorer _ ||:I|£|

File Edit Wiew Insert Tools Help |

[Ze|asuex s |H 0595 (=)
b ERCOT Texas Network 4]
= Select Type

ERCOT  1etwork/ERCOT Texas Network/ERCOT
SubstationsWZ_COAST

Please select a type:

-y

ERCOT Substations
[]—-'* WE COAST Ling
]* WZ_E AST Subskation

E

=N WZ_FAR WEST

w-Np W7 NORTH

w-Np W7 NORTH_CEMNTF

- W7 SCADA_OMNLY

=N W7 SOUTH_CEMNTF

=N W2 SOUTHERN

=N W7 WEST

=-dp ERCOT-AC Lines

w=-dp ERCOT-Series Compe

= ERCOT_Settlement_Hubs

Flowi>ate

HostControlArea

MOIE Load Zones =

= PrivateUseMNetworks _|;|
»

Create Instance

-

1
i | Instance Editor: ’_ ’_ ’_ ’_ ’_ |a Trusted sites y

Figure 8 - Create New Substation

B

Once the substation is created the General Edit Instance screen shown below in Figure 9 will
appear. A name must be entered for the instance before the instance can be saved in the model.
Upon saving the new instance, the substation will appear in the model hierarchy.
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a {29_1) - Information Model Manager - Microsoft Internet Explorer _ ||:I|£|
File Edit Wiew Insert Tools Help |

ERAEIE RN eEEE

@ DC L | ] ] ] -
& DC_N i Single Editor - Edit Instance
DC_R ERCOT  networkiERCOT Texas Network/ERCOT

w DC_S Substations/\WZ_COAST

=-dp ERCOT Substations
= N WZ_COAST General | Attributes | Links |
=N WZ_EAST
=N WZ_FAR_WEST Attributes  |Value
=W W7 NORTH Marme _SUB1| ___
=% WZ_NORTH_CENTI Type Substatior2e]
- W7 SCADA_ OMLY Description
=N W2 _SOUTH_CENTE
=N WZ_SOUTHERM
=N WZWEST

=-4p ERCOT-AC Lines

=-dp ERCOT-Series Compe

JEdj

-wm ERCOT Settlement_Hubs
& FlowGate
HostControlArea

NOIE Load Zones
FrivateUseMNetworls

= Three \Winding_Transform

= Schedules
1
Done ’_ ’_ ’_ ’_ ’_ |a Trusted sites y

Figure 9 - General Edit Instance Screen

LR E R e R e R e

I~ Mon-blank only Help | Options

"l

=

The updated model hierarchy with new substation __SUB1 is shown below in Figure 10.
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a {29_1) - Information Model Manager - Microsoft Internet Explorer _ ||:||£I

File Edit Wiew Insert Tools Help |

e @ saeX a5 &TIF |2
L = ERCOT Texas Metwork =]
= | - Single Editor - Edit Instance
m Network/ERCOT Texas Network’/ERCOT
Substations\WZ_COAST/__ SUB1
. _ 1| attributes | Links |
dp ERCOT Substations
=N W7 COAST Aftributes |Value
-3 SUBI Marne
R Type Substation
B4t AT ROF ID
B3 _A2 Description
=-4E A3
=4t A4
=-4E A5
=4t AG
=-4E A7
=4t A8
=-4E A9
=3 B
=-4E B
=4t B2
D"'ﬁ _B3 = ™ Mon-blank anly Help | Options
e |

2o T T [ | @

Figure 10 - _ SUBL in Model Hierarchy

3.2 ADD ATTRIBUTES

Once the substation has been created and saved, attributes for the substation must be entered
into the required attribute fields. Required attributes for each device can be found in a table in the
device section. Looking at the section on Substations, it is found that the required attributes for a
substation are forNetwork and forScada. These fields must be populated for the model changes
to pass IMM validation.

Many of the attribute fields are auto-populated by the IMM. Figure 11 shows the attributes screen
for a newly created substation. The auto-populated fields are populated in this figure. The IMM
will prevent data that is not of the correct data type or size from being saved in the model.
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=1~
File Edit Wew Insert Tools Help |
EBEIEIEEL S EE@IJ
i Network
- Base Voltage J Single Editor - Edit Instance
B BlRmEEs ERCOT  HeoworkERCOT Texas Network/ERCOT SubstationsWZ COAST/  SUBH
B Combined Cycle Plants
S CommpEies General Aftributes |Lmk5|
g_ Egga;iter Attributes Value
- = Abnormal For Alarm False
#-m ERCOT Settlement Zones
L ERCOT S —— Abnormal Fgr SCADA False
Alarm Location
Alias Name
Audible Tone False
Inhibit Abnormal For Alarm False
. Inhibit Abnormal For SCADA False
B * ERCOT Substations Inhibit Audible Tone False
=N WZ COAST Inhibit Logging and Alarm List False
Inhibit Unacknowledged Alarm List |False
Initially Inhibit False
Latitude
Local Name
Laogging and Alarm List False
Longitude
Model Resource 1D
Override Default Inhibit Definition  |False
Path Mame
Transmission Element 1D
Unacknowledged Alarm List False
forN twork False
( 2 False
T f [~ Mon-blank only Help | Options |
< I
Ej Done ,_,ﬁ’_,_’_ QTrusted sites
—

Figure 11 - Substation Attributes
3.3 ADD LINKS

As with attributes, for every device there are required link fields that must be populated for the
model changes to pass the IMM validation. The required links for a substation can be found in
the table named required links in the substation section of this document. Looking at this table, it
is found that the required links for a substation are Ownership, Operatorship, and
PermissionArea. Figure 12 shows the links screen for a newly created Substation.
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a (29_1) - Information Model Manager - Microsoft Internet Explorer _ ||:||l|
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Figure 12 - Substation Links

Links cannot be manually entered into the value column. All of the links must be added using the
drag and drop method or the copy/paste method. The path for all of the required links can be
found in the Required Links table. With the links screen shown in Figure 12 up in the IMM,
navigate to the desired link in the IMM and left-click on the link holding down the mouse button.
Drag the selected link into the desired field and release the mouse button. The value field will be
populated with the link. Save the change and move forward populating all of the required links in
a similar manner. The screen shot in Figure 13 shows the ERCOT_Operator and
ERCOT_Owner links in the __SUB1 Operatorship and Ownership fields.
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a (29_1) - Information Model Manager - Microsoft Internet Explorer — ||:||l|
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EDNEIEE LY CNEN ===
----- A ENERNOC INC [ | _ _ _
..... & ENRON ENERGY SERVI Single Editor - Edit Instance =P
----- i ENRON ENERGY SERVI # ERCOT
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Figure 13 - _ SUBLI Links Populated

3.4 RENAME INSTANCE

To rename an instance right-click on the instance and selecting Rename. A popup screen will
appear prompting the user to enter a new instance name. This popup screen is shown in Figure
14. After the name is entered and the user selects the OK button, the instance name will be
updated in the model hierarchy.

Il Rename Xl
Metwork/ERCOT Texas Metwork/
ERCOT SubstationsSw_COAST/__SLB2
Cancel |

Mew Inztance Marme:

|_SLII321

Figure 14 - Rename Substation
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3.5 DELETE INSTANCE

To delete an instance right-click on the instance and select Delete. The warning message shown
in Figure 15 will appear. If the instance or children of the instance are modified in a later job, the
user will not be able to delete the instance.

Information Model Manager il

Do wou really want to delete this instance and all its children?
! Metwork/ERCOT Texas Mebwark/ERCOT Substations'MWZ_COAST_ SUB2

Mote: four command may nok be Fulfiled due to job locks,
: Cancel |

Figure 15 - Delete Substation
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41 TEMPLATES

4.2 AUTO LAYOUT

©2009 Electric Reliability Council of Texas, Inc.

33



ERCOT Limited

5 MODELING BREAKERS
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5.1 MODELING APPROACH

The ERCOT CIM model defines a Breaker as a mechanical switching device capable of making,
carrying, and breaking currents under normal circuit conditions and also making, carrying for a
specified time, and breaking currents under specified abnormal circuit conditions e.g. those of
short circuit.

A Breaker is modeled under a VoltagelLevel in a Substation. Two Terminals are modeled under
the Breaker as connection points to the circuit. SCADA values modeled under the Terminals
provide the Open/Close status of the Breakers to the model. Figure below shows a Breaker
modeled in the IMM model hierarchy with parent/child associations labeled. For more
information on modeling SCADA values, refer to the section on ‘Modeling SCADA'.

(79_1_Pr) - Information Model Manager - Microsoft Internet Explorer o I Agil
Ble Edt View Insert Toos Hep |
[Felasmax a6 xFIR] |2
= @ 79_1_Prinstances =

w- @ General

=@ other Data

=@ other Orphans

=@ Contingencies_and_RASs
- @@ Curves

@@ List_Information

/’- Single Editor - Edit Instance &
SPEEUUM | Notwork/ERCOT Toxas NetworkERCOT

SubstationsWZ_COAST/__SUB/38/__CB

General | Atributes | Links |

= @@ Model_Version_Information Attributes  (Value
= @8 Network Name
& @ Base Yoltage Type Breaker
=@ BranchGroup ROF D _{27CA73ES-FABT-4CDE-AA4C-C
& @ Combined_Cycle_Plants 5632C217310}
=@ Companies Description

#- @ Contacts
= @ EPS_Meter
& @@ ERCOT Settlement Zones
=@ ERCOT Texas Network
®DC E
elellE
DC_N
®mDC R
@mDbC S
. =@ ERCOT Substations
i =@ WZ_COAST
=3 SUB
=% 138
o O lEE <« Breaker
-0 T1 -———— Terminal

4 »

# @) ST <«——— Discrete SCADA I™ Non-blank only Help | Options |
-0 T2 «——— Terminal ~|
gl [T T T T O

Figure 16 - Breaker
5.2 ATTRIBUTES

The attributes for a Breaker are shown in the table below.

Attribute Description Data Type Default | Sample
Value Data
TEID Transmission Element ID Integer Auto-
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populated
normalOpen The attribute is used in cases when no Boolean False
Measurement for the status value is
present.
initiallyOpen T = The initial breaker state for the online | Boolean False
switching device model is open.
inTransitTime | The transition time from open to close, | Float 0
in seconds.
Alias Name Free text name of the object or instance. String None
Current Flow Fault interrupting rating in amperes. Float None
DAM The Boolean flags to indicate which Boolean False
Monitored process(s) monitor the branch devices
and by which process the devices is
secured.
DAM Secured | The Boolean flags to indicate which Boolean True
process(s) monitor the branch devices
and by which process the devices is
secured.
Enable Manual | T = Enables manual switching capability Boolean True
Switching for the device.
Latitude Latiitude coordinates. Float None
Local Name The localName is a human readable String None

name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g.
Substation, VoltagelLevel, Equipment etc.
Children of the same parent have names
that are unique among them. If the
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unigueness requirement cannot be met
IdentifiedObject.localName shall not be
used, use IdentifiedObject.name instead.

Longitude

Longitude coordinates.

Float

None

Model
Resource ID

A Model Authority issues mRIDs. Given
that each Model Authority has a unique id
and this id is part of the mRID, then the
mRID is globally unique.

Integer

None

Normal Open

The attribute is used in cases when no
Measurement for the status value is
present. If the Switch has a status
measurment the
Measurement.normalValue is expected to
match with the Switch.normalOpen.

Boolean

False

OUS Priority

An Outage Scheduler priority is included
in all ConductingEquipment classes
except BusbarSection and
TransformerWinding.

Integer

None

Path Name

The pathname is a system unique name
composed from all IdentifiedObject.names
in a standard naming hierarchy path from
the object to the root.

String

None

Phases

Describes the phases carried by a
conducting equipment. Possible values {
ABCN , ABC, ABN, ACN, BCN, AB, AC,
BC, AN, BN, CN, A, B,C,N}.

PhaseCode

None

PSS®E ID

Attribute will give IMM modelers control
over the PSS®E ID that the Topology
Processor uses to properly name units,
loads, branches, and transformers

String

None
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Remove The equipment is removed from the Boolean False

network.
Remove The equipment can be removed from the Boolean False
Enable network.

Boolean False

RUC The Boolean flags to indicate which
Monitored process(s) monitor the branch devices

and by which process the devices is

secured.
RUC Secured | The Boolean flags to indicate which Boolean True

process(s) monitor the branch devices
and by which process the devices is

secured.
Switch On The switch on count since the switch was | Integer None
Count last reset or initialized.
Switch On The date and time when the switch was Date/Time | None
Date last switched on.
Switch Over Limit Violation Switch Operation Boolean None
Operation (Open/Close).
Over
Switch Under Limit Violation Switch Operation Boolean None
Operation (Open/Close).
Under
Switched By T = The switch will follow a switching Boolean False
Schedule schedule to change state in the network

applications.
Trigger T = The switch will trigger the real?time Boolean False
Network network application sequence when the
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Sequence switch changes state in SCADA.
Trip Lockout Lockout after trip. Boolean None
Zero Mark Switching devices that should be Boolean False
Impedance converted to Zero Impedance Branches in
Branch? Connectivity Node to Bus Processing

Option 1.

5.3 LINKAGE

The required links for a Breaker are defined below.

Link Name Description Path Name

Operatorship | The Operatorship link is used for permission rights. The Network/Companies
Operator of equipment has the right to edit the equipment.
An operator can only be assigned by the creator or owner
of the equipment.

Ownership The Ownership link is used for permission rights. The Network/Companies
owner of equipment has editing and administrative rights.
An owner can only be assigned by the creator of the
equipment.
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6 MODELING DISCONNECTORS

6.1 MODELING APPROACH

The ERCOT CIM model defines a Disconnector as manually operated or motor operated
mechanical switching device used for changing the connections in a circuit, or for isolating a
circuit or equipment from a source of power. It is required to open or close circuits when
negligible current is broken or made.

A Disconnector is modeled under a VoltagelLevel in a Substation. Two Terminals are modeled
under the Disconnector as connection points to the circuit. SCADA values modeled under the

Terminals provide the Open/Close status of the Breakers to the model. Figure below shows a

Disconnector modeled in the IMM model hierarchy with parent/child associations labeled. For
more information on modeling SCADA values, refer to the section on SCADA.

(79_1_Pr) - Information Model Manager - Microsoft Internet Explorer s =] l(_l
File Edit Yiew [nsert Jooks Help ‘ |
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[

& other Orphans

@ Contingencies_and_RASs
@ Curves

@ List_Information

@ Model_Version_Information Aftributes  [Value
& Network Name

w- @ Base Voltage Type Disconnector
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-

&
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Figure 17 - Disconnector
6.2 ATTRIBUTES

The attributes for a Disconnector are shown in the table below.

Attribute Description Data Type Default | Sample
Value Data
normalOpen The attribute is used in cases Boolean False
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when no Measurement for the
status value is present.

initiallyOpen

T = The initial breaker state for
the online switching device
model is open.

Boolean

False

Alias Name

Free text name of the object or
instance.

String

None

DAM Monitored

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which
process the devices is
secured.

Boolean

False

DAM Secured

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which
process the devices is
secured.

Boolean

True

Enable Manual
Switching

T = Enables manual switching
capability for the device.

Boolean

True

Latitude

Latiitude coordinates.

Float

None

Local Name

The localName is a human
readable name of the object. It
is only used with objects
organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent
(the root) giving a flat naming
hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name instead.

String

None
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Longitude Longitude coordinates. Float None
Model Resource ID A Model Authority issues Integer Auto-
mRIDs. Given that each Model populated

Authority has a unique id and
this id is part of the mRID, then
the mRID is globally unique.

Normal Open The attribute is used in cases Boolean False
when no Measurement for the
status value is present. If the
Switch has a status
measurment the
Measurement.normalValue is
expected to match with the
Switch.normalOpen.

OUS Priority An Outage Scheduler priority is | Integer None
included in all
ConductingEquipment classes
except BusbarSection and
TransformerWinding.

String None

Path Name The pathname is a system
unique name composed from
all IdentifiedObject.names in a
standard naming hierarchy
path from the object to the root.

Phases Describes the phases carried PhaseCode | None
by a conducting equipment.
Possible values { ABCN , ABC,
ABN, ACN, BCN, AB, AC, BC,
AN, BN, CN, A, B,C,N}.

PSS®E ID Attribute will give IMM String None
modelers control over the
PSS®E ID that the Topology
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Processor uses to properly
name units, loads, branches,
and transformers

Remove

The equipment is removed
from the network.

Boolean

False

Remove Enable

The equipment can be
removed from the network.

Boolean

False

RUC Monitored

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which
process the devices is
secured.

Boolean

False

RUC Secured

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which
process the devices is
secured.

Boolean

True

Switch On Count

The switch on count since the
switch was last reset or
initialized.

Integer

None

Switch On Date

The date and time when the
switch was last switched on.

Date/Time

None

Switched By Schedule

T = The switch will follow a
switching schedule to change
state in the network
applications.

Boolean

False

Trigger Network
Sequence

T = The switch will trigger the
real?time network application
sequence when the switch

Boolean

False
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changes state in SCADA.

Zero Impedance Mark Switching devices that Boolean False
Branch? should be converted to Zero
Impedance Branches in
Connectivity Node to Bus
Processing Option 1.

6.3 LINKAGE

The required links for a Disconnector are defined in the table below.

Link Name Description Path Name

Operatorship | The Operatorship link is used for permission rights. The Network/Companies
Operator of equipment has the right to edit the equipment.
An operator can only be assigned by the creator or owner
of the equipment.

Ownership The Ownership link is used for permission rights. The Network/Companies
owner of equipment has editing and administrative rights.
An owner can only be assigned by the creator of the
equipment.
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7 MODELING SHUNT COMPENSATORS

7.1 MODELING APPROACH

In the ERCOT CIM model, a ShuntCompensator is defined as a shunt capacitor or reactor or
switchable bank of shunt capacitors or reactors. A section of a Shunt Compensator is an
individual capacitor or reactor. Negative values for mVArPerSection and nominalMVAr indicate
that the compensator is a reactor.

A Shunt Compensator is modeled under a VoltageLevel in a Substation. One Terminal is
modeled under the Shunt Compensator as a connection point to the circuit. Figure below shows
a Shunt Compensator modeled in the IMM model hierarchy with parent/child associations
labeled. For more information on modeling SCADA values, refer to the SCADA section of this
document.
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=& ERCOT Texas Network
= DC_E
= DC_L
= DC_N
= DC_R

@ DC_S
. =¥ ERCOT Substations
i = WpWZ_COAST
=3 _SuB
=& 138
= igls  CB1 <———— Shunt Compensator
= -0 CB1 <———— Terminal
O MVAR <+—— Analog SCADA [~ Mon-blank only

»

- Help | Options I
# ) ST «——— Discrete SCADA =
2] oore LT @pesteasees 7
Figure 18 - Shunt Compensator
7.2 ATTRIBUTES
The attributes for a Shunt Compensator are shown in the table below.
Attribute Description Data Type Default | Sampl
Value e Data
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Switching Switching priority number. Integer
Priority 12345
Alias Name | Free text name of the object or instance. String None
Automatic | Time delay in seconds required for the Seconds None
Voltage device to be connected or disconnected
Regulation | by automatic voltage regulation (AVR).
Delay
Automatic T = Automatic voltage regulation enabled. Boolean
Voltage
Regulation
Enabled
DAM The Boolean flags to indicate which Boolean False
Monitored process(s) monitor the branch devices and
by which process the devices is secured.
DAM The Boolean flags to indicate which Boolean True
Secured process(s) monitor the branch devices and
by which process the devices is secured.
Impedance | The positive sequence impedance of the Impeadance | None
capacitor.
Latitude Latiitude coordinates. Float None
Load Based | T = Load based voltage regulation enabled. | Boolean
Regulation
Enabled
Local Name | The localName is a human readable name String None
of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
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unique among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

Longitude Longitude coordinates. Float None
Maximum For a capacitor bank, the maximum number | Counter None
Sections of sections that may be switched in.
Maximum The maximum voltage at which the Voltage None
kv capacitor bank should operate.
Minimum The minimum voltage at which the Voltage None
kv capacitor bank should operate.
Model A Model Authority issues mRIDs. Given that | Integer Auto-
Resource ID | each Model Authority has a unique id and populated
this id is part of the mRID, then the mRID is
globally unique.
Nominal Nominal MVAr output of the capacitor Reactive None
MVAr bank at the nominal kV. This number Power
should be positive.
Nominal KV | The nominal voltage at which the Voltage None
nominal MVAr was measured. This
should normally be within 10% of the
voltage at which the capacitor is
connected to the network.
Normal For a capacitor bank, the normal number of | Counter None
Sections sections switched in. This number should
correspond to the Nominal MVAr.
OUS Priority | An Outage Scheduler priority is included in Integer None

all ConductingEquipment classes except
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BusbarSection and TransformerWinding.

String None

Path Name | The pathname is a system unique name

composed from all IdentifiedObject.names

in a standard naming hierarchy path from

the object to the root.
Phases Describes the phases carried by a PhaseCode | None

conducting equipment. Possible values {

ABCN , ABC, ABN, ACN, BCN, AB, AC,

BC, AN, BN, CN, A, B,C, N }.
PSS®E ID Attribute will give IMM modelers control String None

over the PSS®E ID that the Topology

Processor uses to properly name units,

loads, branches, and transformers
Remove The equipment is removed from the Boolean False

network.
Remove The equipment can be removed from the Boolean False
Enable network.

Boolean False

RUC The Boolean flags to indicate which
Monitored process(s) monitor the branch devices and

by which process the devices is secured.
RUC The Boolean flags to indicate which Boolean True
Secured process(s) monitor the branch devices and

by which process the devices is secured.
Switch On The switch on count since the capacitor Counter None
Count count was last reset or initialized.
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Switch On The date and time when the capacitor bank | Absolute None
Date was last switched on. Date/Time
Voltage Voltage sensitivity required for the PU kV per None
Sensitivity | device to regulate the bus voltage, in per | MVAr
unit voltage/MVAr.
Y Per For a capacitor bank, the admittance of Admittance | None
Section each switchable section. Calculated using
the MVAr per section and corrected for
network voltage.
mVAr Per For a capacitor bank, the size in MVAr of Reactive None
Section each switchable section at the Nominal kV. | Power
7.3 LINKAGE
The required links for a Shunt Compensator are defined in Table below.
Link Name Description Path Name
Operated By | The Operatorship link is used for permission Network/Companies

(Operatorshi | rights. The Operator of equipment has the
p) right to edit the equipment. An operator can
only be assigned by the creator or owner of
the equipment.
Owned By The Ownership link is used for permission Network/Companies

(Ownership)

rights. The owner of equipment has editing
and administrative rights. An owner can only
be assigned by the creator of the equipment.
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8 MODELING SERIES COMPENSATORS

8.1 MODELING APPROACH

In the ERCOT CIM model a SeriesCompensator is defined as a series capacitor, reactor, or AC
transmission line without charging susceptance.

Although Series Compensators are contained within a Substation in the ERCOT model, they are
not modeled under a Substation in the ERCOT model. Series compensators are modeled in the
container named ERCOT-Series Compensator under ERCOT Texas Network, where they are
grouped by voltage level.

Figure below shows a Series Compensator in the IMM model hierarchy. Series Compensators
must be modeled under a line and have two Terminals that serve as connection points to the
circuit. Analog SCADA values that provide limits and ratings for the Series Compensator are
modeled under the Terminals. These SCADA values can be modeled using multiple
configurations. More information on modeling SCADA values can be found in the SCADA section
of this document.

Seriescompensator cannot go between different voltage levels and should be contained within
one substation.
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Figure 19 - Series Compensator
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The attributes for a Series Compensator are shown in the table below

Attribute Description Data Type Default Sample
Value Data
Alias Name | Free text name of the object or instance. String None
DAM The Boolean flags to indicate which Boolean False
Monitored process(s) monitor the branch devices and
by which process the devices is secured.
DAM The Boolean flags to indicate which Boolean True
Secured process(s) monitor the branch devices and
by which process the devices is secured.
Emergency | States the Emergency Max Shadow price DoubleFloat | 99999
Max for a SeriesCompensator.
Shadow
Price
Latitude Latiitude coordinates. Float None
Local Name | The localName is a human readable name String None
of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.
Longitude Longitude coordinates. Float None
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Max States the Max Shadow price DoubleFloat | 99999
Shadow
Price
Model A Model Authority issues mRIDs. Given that | Integer Auto-
Resource ID | each Model Authority has a unique id and populated
this id is part of the mRID, then the mRID is
globally unique.
OUS Priority | An Outage Scheduler priority is included in Integer None
all ConductingEquipment classes except
BusbarSection and TransformerWinding.
String None
Path Name | The pathname is a system unique name
composed from all IdentifiedObject.names
in a standard naming hierarchy path from
the object to the root.
Phases Describes the phases carried by a PhaseCode | None
conducting equipment. Possible values {
ABCN , ABC, ABN, ACN, BCN, AB, AC, BC,
AN, BN, CN, A, B, C,N}.
PSS®E ID Attribute will give IMM modelers control over | String None
the PSS®E ID that the Topology Processor
uses to properly name units, loads,
branches, and transformers
Reactance Positive sequence reactance Float None
Remove The equipment is removed from the Boolean False
network.
Remove The equipment can be removed from the Boolean False
Enable network.
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Resistance | Positive sequence resistance Float None
Boolean False

RUC The Boolean flags to indicate which

Monitored process(s) monitor the branch devices and

by which process the devices is secured.

RUC The Boolean flags to indicate which Boolean True
Secured process(s) monitor the branch devices and
by which process the devices is secured.

8.3 LINKAGE

The required links for a Series Compensator are defined in Table below.

Link Name Description Path Name

Operatorship | The Operatorship link is used for permission rights. The Network/Companies
Operator of equipment has the right to edit the equipment.
An operator can only be assigned by the creator or owner
of the equipment.

Ownership The Ownership link is used for permission rights. The Network/Companies
owner of equipment has editing and administrative rights.
An owner can only be assigned by the creator of the
equipment.
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9 MODELING LINES

9.1 MODELING APPROACH

This section describes the modeling of the Line container class as well as the ACLineSegment
(transmission lines that connect two Substations) and SeriesCompensators (transmission lines
that are fully contained within a substation) classes.

The Line class is modeled underneath a Geographical and Sub Geographical Region. The
Geographical Region in which the line will be created differs depending on what type of sub-
classes the line will contain. If the line is to contain an ACLineSegment, then the line must be in a
Sub Geographical Region (named after the base voltage of the line) which is underneath the
“ERCOT — AC Lines”. Likewise, if the line will contain a SeriesCompensator, it must be created
underneath both the “ERCOT - Series Compensators” geographical region and the sub
geographical region corresponding to the line’s base voltage.
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Figure 20 - Location of Lines containing ACLineSegments
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File Edit View [nsert Tools Help ‘
LA S A R =l
- Guidelines Instances -

@ General Single Editor - Edit Instance o
o e uifer Dl ( ectrum
o @ qther Orphans R PowerCC Network/ERCOT Texas Networl/ERCOT-Series

Compensators138/_LINEZ/172

o s List_Information

E
E
[]ﬁ- Cantingencies_and_RASs
E
i) = Model_Version_Infarmation General Altrioutes |Lmks|

Attributes Yalue
Local Name
Wodel Resource 1D | 1702144
Near True
| EPS Meter PSSIE Bus Name
&% i ERCOT Setfement Zones PSSIE BUs Nurtber
/%) ERCOT Texas Netwark Palh Narme
49 ERCOT Substations
% dp ERCOT-AC Lines

EI* ERCOT-Geries Compensators

nﬁ 138 ————5ub Geographical Region
545 _LINE2 —Line
=iy 14— SeriesCompensator
50 | 4——————Teminal {
- Q) LNANALOG-3-8605

- 90 LHANALOG-4 505 }SCADA Analogs
w0 A
50 24— Teminal 2
5 Q) LI-ANALOG-1-8606
% () LI-ANALOG-2-606 } SCADA Analogs ™ Non-blank only Help | Oplions |
w0 s |
(] Dore R T S

Figure 21 - Location of Lines containing SeriesCompensators

9.2 ATTRIBUTES

The attributes for a Line are shown in the table below.

Attribute Description Data Type Default Sample
Value Data

TEID Transmission Element ID Integer Auto-
populated

15 minute 15 minute rating Max Shadow price DoubleFloat

rating Max

Shadow

Price
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Alias Name  Free text name of the object or instance.

Emergency  Emergency Max Shadow price

Max

Shadow

Price

Latitude Latiitude coordinates.

Local Name The localName is a human readable name
of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use IdentifiedObject.name instead.

Longitude Longitude coordinates.

Max Max shadow price

Shadow

Price

Model A Model Authority issues mRIDs. Given

Resource ID that each Model Authority has a unique id
and this id is part of the mRID, then the
mRID is globally unique.

Path Name  The pathname is a system unique hame
composed from all IdentifiedObject.names
in a standard naming hierarchy path from
the object to the root.

9.3 LINKAGE

There are no required links.

NMMS: Modeling Guidelines

String None
DoubleFloat

Float None
String None
Float None
DoubleFloat

Integer None
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10.1 MODELING APPROACH

The ACLineSegment class represents an AC transmission line that connects two different
Substations. An ACLineSegment cannot be contained within a single Substation. Additionally,
an ACLineSegment must be underneath a Line instance and must have two Terminals.

ACLinesegment cannot go between different voltage levels.
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Figure 22 - ACLineSegment

10.2 ATTRIBUTES

Attribute Description

15 minute
rating Max
Shadow Price

15 minute rating Max Shadow price

Alias Name

Free text name of the object or instance.

’_’—’—’—’_@WA

Data Default Sample
Type Value Data
Double

Float

String None
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bOch

bch

DAM
Monitored

DAM Secured
Emergency

Max Shadow
Price

gOch

gch

Latitude

length

Local Name

Longitude

Max Shadow
Price

Model
Resource ID

Zero sequence shunt (charging)
susceptance, uniformly distributed, of the
entire line section.

Positive sequence shunt (charging)
susceptance, uniformly distributed, of the
entire line section.

The Boolean flags to indicate which
process(s) monitor the branch devices and by
which process the devices is secured.

The Boolean flags to indicate which
process(s) monitor the branch devices and by
which process the devices is secured.

Emergency Max Shadow price

Zero sequence shunt (charging)
conductance, uniformly distributed, of the
entire line section.

Positive sequence shunt (charging)
conductance, uniformly distributed, of the
entire line section.

Latiitude coordinates.

Segment length for calculating line section
capabilities (long length units).

The localName is a human readable name of
the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of the
same parent have names that are unique
among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName
shall not be used, use IdentifiedObject.name
instead.

Longitude coordinates.
Max shadow price

A Model Authority issues mRIDs. Given that
each Model Authority has a unique id and this

NMMS: Modeling Guidelines

Double
Float

Double
Float

Bool

Bool

Double
Float

Double
Float

Double
Float

Float

Float

String

Float

Double
Float

String

None

None

None
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OUS Priority

Path Name

Phases

PSS®E

RO
Remove

Remove
Enable

RUC
Monitored

RUC Secured

Transmission
Element ID

X0

10.3 LINKAGE

id is part of the mRID, then the mRID is
globally unique.

An Outage Scheduler priority is included in all
ConductingEquipment classes except
BusbarSection and TransformerWinding.

The pathname is a system unique name
composed from all IdentifiedObject.names in
a standard naming hierarchy path from the
object to the root.

Describes the phases carried by a conducting
equipment. Possible values { ABCN , ABC,
ABN, ACN, BCN, AB, AC, BC, AN, BN, CN,
A, B, C,N}L

Attribute will give IMM modelers control over
the PSS®E ID that the Topology Processor
uses to properly name units, loads, branches,
and transformers.

Positive sequence series resistance of the
entire line section.

Zero sequence series resistance of the entire
line section.

The equipment is removed from the network.

The equipment can be removed from the
network in the EMS.

The Boolean flags to indicate which
process(s) monitor the branch devices and by
which process the devices is secured.

The Boolean flags to indicate which
process(s) monitor the branch devices and by
which process the devices is secured.

Transmission Element ID

Positive sequence series reactance of the
entire line section.

Zero sequence series reactance of the entire
line section.

NMMS: Modeling Guidelines

Long
Int
None

String

String

String

Double
Float

Double
Float

Bool

Bool

Bool

Bool

Auto-
populated

Integer

Double
Float

Double
Float

The required links for a ACLineSegment are defined in Table below.
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Link Name Description Path Name
BaseVoltage | A link to a BaseVoltage is only necessary when there is no | Network/Base
VoltageLevel container used. If a VoltageLevel container | Voltage

is used the disconnector will inherit a BaseVoltage from
the VoltagelLevel.

Operatorship

The Operatorship link is used for permission rights. The
Operator of equipment has the right to edit the equipment.
An operator can only be assigned by the creator or owner
of the equipment.

Network/Companies

Ownership

The Ownership link is used for permission rights. The
owner of equipment has editing and administrative rights.
An owner can only be assigned by the creator of the
eguipment.

Network/Companies
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11 MODELING SUBSTATION

11.1 MODELING APPROACH

The ERCOT CIM model defines a Substation as collection of equipment for purposes other than
generation or utilization, through which electric energy in bulk is passed for the purposes of
switching or modifying its characteristics.

A Substation is modeled under a SubGeographicalRegion. VoltageLevels, Transformers and
Device types are modeled under the Substation along with generic equipment. The Substation
serves as a container for these instances. Figure below shows a Substation modeled in the IMM
model hierarchy with parent/child associations labeled. For more information on modeling
VoltagelLevels, Device Types, and PowerTransformers please see relevant sections.
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Figure 23 - Substation
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11.2 ATTRIBUTES

The attributes for a Substation are shown in the table below.

NMMS: Modeling Guidelines

Attribute Description D) DEENE Sample data
Type value
Transmission Element ID Transmission Element ID Integer
This flag is used to cause
alarm messages for
abnormals to have their Boolea
abnormalForAlarm date/time displayed in black FALSE
in the Alarm displays instead
of red (assuming the
HABITAT FG element set).
Setting this flag to true does
not affect Alarm displays, Boolea
abnormalForSCADA but forces the record to n FALSE
appear Normal on SCADA
displays.
Alarm location, must match
alarmLocation LOC.ID_LOC in the Alarm String8
database.
A flag indicating that
notifications of alarm Boolea
audibleTone conditions via audible tones n FALSE
and horns will be
suppressed.
This flag is used to
forNetwork indicate this substationis  Boolea EALSE
used by Network n
application.
This flag is used to
indicate this substationis Boolea
forScada used by SCADA n FALSE
application.
inhibitAbnormalEorAlarm Permanently Inhibit the flag Boolea EALSE
of abnormalForAlarm . n
inhibitAbnormalEorSCADA Permanently Inhibit the flag Boolea EALSE
of abnormalForSCADA. n
inhibitAudibleTone Perma_nently Inhibit the flag Boolea EALSE
of audibleTone. n
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inhibitLoggingAndAlarmList

inhibitUnackAlarmList

initiallyInhibit

loggingAndAlarmList

overrideDefaultinhibitDef

unacknowledgedAlarmList

Alias Name

Latitude

Local Name

Longitude

Permanently Inhibit the flag
of loggingAndAlarmList.

Permanently Inhibit the flag
of
unacknowledgedAlarmList.

A flag indicating that when
the system first comes
online, alarm indications for
this SCADA entiry will
initially be inhibited.

A flag indicating that SCADA
will issue neither an alarm
nor an event. Therefore,
entries will appear in the
neither the alarm list nor the
event logs.

A flag indicating that that the
Operator Inhibit Definition
overrides the Global Default
Inhibit.

A flag ndicating that SCADA
will issue an event to the
event log, but will not issue
unacknowledged alarm
indications to the alarm list.

Free text name of the object
or instance.

Latiitude coordinates.

The localName is a human
readable name of the object.
It is only used with objects
organized in a naming
hierarchy. The simplest
naming hierarchy has just
one parent (the root) giving
a flat naming hierarchy.
However, the naming
hierarchy usually has seve

Longitude coordinates.
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Boolea
n

Boolea
n

Boolea

Boolea
n

Boolea
n

Boolea
n

Stringl
00

Float

String3
0

Float

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Model Resource ID

Path Name

11.3 LINKAGE

A Model Authority issues
mRIDs. Given that each
Model Authority has a
unique id and this id is part
of the mRID, then the mRID
is globally unique.

The pathname is a system
unique name composed
from all
IdentifiedObject.names in a
standard naming hierarchy
path from the object to the
root.

Below are the required links for a Substation.

NMMS: Modeling Guidelines

Stringl
00

String5
00

Link Name

Description

Path Name

Operated By
(Operatorship)

Network/Companies

Own Percent (Ownership)

Network/Companies
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12 MODELING BAY

12.1 MODELING APPROACH

The ERCOT CIM model defines a Bay as a collection of Breakers and Disconnectors within a
given VoltageLevel. A Bay is modeled under a VoltagelLevel. Only Breakers and Disconnectors
can be modeled under a Bay. All the Breakers and Disconnectors defined under a Bay should

also populate the Switch.voltagelLevel association to indicate the VoltagelLevel to which these
devices belong to.

@& General J /_- Single Editor - Edit Instance (View Only
@@ other Data Spectrum )
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Contingencies_and_RASs
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Figure 24 - Bay
12.2 ATTRIBUTES

The attributes for a Bay are shown in the table below.

Attribute Description Data Default Sample
Type value data

Alias Name Free text name of the object or

instance. String
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bay Energy
Measurement Flag

bay Power
Measurement Flag

Breaker Configuration

Busbar Configuration

Description

Latitude

Local Name

Longitude

Model Resource ID

Indicates the presence/absence
of kWh/kvarh measurements.

Indicates the presence/absence
of MW/MVAr measurements.

Breaker configuration.

Busbar configuration.

Description of the object or
instance.

Latiitude coordinates.

The localName is a human
readable name of the object. Itis
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are unique among
them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

Longitude coordinates.

A Model Authority issues mRIDs.
Given that each Model Authority

NMMS: Modeling Guidelines

Boolean False

Boolean False

Breakerc
onfigurati
on

BusbarC
onfigurati
on

String

Integer

String

Integer

String
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Path Name

Transmission

NMMS: Modeling Guidelines

has a unique id and this id is part
of the mRID, then the mRID is
globally unique.

The pathname is a system unique

name composed from all
IdentifiedObject.names in a String
standard naming hierarchy path

from the object to the root.

Transmission Element ID.

Element ID Integer

12.3 LINKAGE

The required links for a Bay are defined below.
Link Name Description Path Name
Operatorship The Operatorship link is Network/Companies

used for permission rights.
The Operator of equipment
has the right to edit the
equipment. An operator
can only be assigned by the
creator or owner of the
equipment.

Ownership

The Ownership link is used | Network/Companies
for permission rights. The
owner of equipment has
editing and administrative
rights. An owner can only
be assigned by the creator
of the equipment.
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13 MODELING SCADA

13.1 MODELING APPROACH FOR SCADA

This section describes the approach for modeling SCADA in the ERCOT CIM model. SCADA
stands for Supervisory Control and Data Acquisition. It refers to the centralized systems which
monitor and control entire sites, or complexes of systems spread over large areas. The control
actions are performed automatically by the remote terminal units or by programming logic
controllers.

In the ERCOT CIM model Analog and Discrete measurements are created under equipment’s
Terminal. A Terminal association ascertains the ConnectivityNode in the network model that
closely represents location of the physical measuring device in the field. In addition to
ConnectivityNode, it is useful to know equipment in the network model, this measurement data is
being supplied for. In case of most measurements this equipment is usually the parent of
identified terminal.

Knowledge of the medium being utilized to transfer the measured data to ERCOT is equally
essential. Most of the measurements in the CIM model use ICCP, SCADA RTUs or Calculation
as the media for data transfer. The CIM model identifies the transfer medium for a measurement
as its MeasurementValueSource. The subtle differences in modeling Analog and Discrete
measurements from each of these MeasurementValueSources are outlined in this section.

The CIM classes, MeasurementLocation, MeasurementGroup, Analog, Discrete, AnalogValue
and DiscreteValue are mainly utilized for defining the SCADA measurement components in the
network model. Figure below shows the modeling of MVAR telemetry for a load as modeled in the
IMM hierarchy. As can be seen in figure, an Analog named MVAR is modeled under the Load’s
Terminal. An AnalogValue MVAR_SValue is modeled under the MVAR Analog. Both the Analog
and AnalogValue instances are together used to define various SCADA specific features of the
MVAR measurement. A MeasurementLocation is visible be modeled under the load, indicating
the presence of measurements at the load. A MeasurementGroup, MGRP is modeled under the
MeasurementLocation. The following sections describe the modeling of each of these classes in
detail.
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Figure 25 - IMM hierarchical view for SCADA measurement.
13.1.1 Modeling Approach for MeasurementLocation

A MeasurementLocation is used to identify equipment in the network model which is being
monitored using Analog and Discrete measurements. This monitored equipment can be of type
Breaker, Busbarsection, Synchronousmachine, Transfomerwinding etc.

In the figure above a MeasurementLocation is created under the load at which the MVAR flow
measurements are being monitored. A MeasurementLocation must have the exact same name
as that of its parent device. In the ERCOT CIM model, a MeasurementLocation also holds the
SCADA device-type for its parent device. With the exception of Lines and PowerTransformers,
any equipment in the ERCOT network model must have only one child MeasurementLocation of
a specific device-type. In case of Lines/PowerTransformers a maximum of two
MeasurementLocation children may be present, one each of each end/winding of the
Line/Transformer.

13.1.1.1 Linkage

The required links for a MeasurementLocation are defined in the table below.
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Link Name Description

Path Name

Identifies the device type at which the

HasTypeofDeviceType measurement is being defined

Other
Orphans/DeviceTypeName

HasAPermissionArea Identifies the permission area

List_Information/Permission
Areas/ERCOT

13.1.2 Modeling Approach for a MeasurementGroup

The ERCOT data dictionary defines a MeasurementGroup as a grou

p of related Analog or

Discrete measurements. In the ERCOT CIM model, MeasurementGroups are created under
MeasurementLocations. Analog and Discrete measurements that are sourced from SCADA
RTU’s and/or ICCP are collected together by associations to MeasurementGroup.
MeasurementGroups that are under the same parent MeasurementLocation must have unique
names, no longer than 4 characters. An example of a MeasurementGroup MGRP as visible in the

IMM hierarchy view is shown in the below figure. Also the AnalogVal
MW _SValue that are sourced from ICCP, both reference the MGRP.

ues, MVAR_SValue and
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Figure 26 - IMM hierarchical view of a load with multiple SCADA measurements.
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Attribute Description DE(E) DefaultValue el
Type Data
Zonal Temp Attribute to support dual
Attribute SCADA feeds. Boolean False False
Alias Name | Free text name of the object or instance. String None XYZ
buffer Number of seconds to wait for a cluster Short
. : None 3
Period of exceptions to be reported. Integer
Description Description of the object or instance. String None XYZ
. Number of seconds to wait before Short
grace Period ; e None 5
declaring an expected scan "late". Integer
integrity Number of seconds between integrity Short
) None 3
Period scans. Integer
The localName is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming
hierarchy usually has several levels, e.g. .
Local Name Substation, VoltagelLevel, Equipment String None XYz
etc. Children of the same parent have
names that are uniqgue among them. If
the uniqueness requirement cannot be
met IdentifiedObject.localName shall not
be used, use IdentifiedObject.name
instead.
A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique .
Resource ID id and this id is part of the mRID, then String None 323
the mRID is globally unigue.
The pathname is a system unique name
composed from all
Path Name IdentifiedObject.names in a standard String None XYZ
naming hierarchy path from the object to
the root.
. Short
scan Period Number of seconds between scans. None 4
Integer
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13.1.3 Modeling Approach for a Calculation

A Calculation is a type of MeasurementValueSource for Analog and Discrete measurements in

the network model. Calculations are usually defined when a physical quantity desired to be

monitored at a particular equipment isn’t directly measured but can be computed using one or

more direct/derived measurements.

In the ERCOT CIM model, a Calculation is modeled under a MeasurementLocation using one or
many MeasurementArguments and/or ConstantArguments. An example of a Calculation CALC is

visible in the hierarchy view in the figure. Note that, all Calculations under the same parent
MeasurementLocation should have unique names, no longer than 4 characters as well.

/) (Test) - Information Model Manager - Microsoft Internet Explorer

File Edit ‘iew Insert Tools Help

ERENIEE T I = ==

=-[B TestInstances i’

¢ General g—

¢ other Data Specrrum
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Figure 27 - IMM hierarchical view of a calculation definition.

13.1.3.1 Attributes

The attributes for a Calculation are shown in the table below.

Attribute Description Data Type | Default | Sample
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Data

Zonal

Attribute Temp Attribute to support dual SCADA feeds. Boolean False False

Alias Name Free text name of the object or instance. String None XYZ

The localName is a human readable name of
the object. It is only used with objects organized
in a naming hierarchy. The simplest naming
hierarchy has just one parent (the root) giving a
flat naming hierarchy. However, the naming
hierarchy usually has several levels, e.g.
Substation, VoltagelLevel, Equipment etc.
Children of the same parent have names that
are unique among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be used,
use ldentifiedObject.name instead.

Local Name
String None XYz

A Model Authority issues mRIDs. Given that

Model each Model Authority has a unique id and this id
Resource ID is part of the mRID, then the mRID is globally
unique.

String None 232

The pathname is a system unique name
composed from all IdentifiedObject.names in a
standard naming hierarchy path from the object

to the root.

Path Name String None XYz

Type Type String None XYZ

13.1.3.2 Linkage

The required links for a Calculation are defined in the table below.

Link Name Description Path Name

Identifies Timer to be used to trigger
re-computations when the inputs
change.

CalculationTriggeredByC
alculationTriggerTimer

List_Information/Calculation
Trigger Timers

CalculationUsesFunction Identifies the f“”C“OU used to do List_Information/Functions
the Calculation —

13.1.4 Modeling Approach for MeasurementArgument

When creating Calculations in the ERCOT CIM model, input/output parameters that involve
Analog and Discrete measurements are defined using instances of type MeasurementArgument.
Each MeasurementArgument must be associated to a single SCADA AnalogValue and/or
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SCADA DiscreteValue in the model. Note that the output parameter of a Calculation should
always be MeasurementArgument whereas not all input parameters of a Calculation need be of
type MeasurementArgument.

As mentioned in earlier sections, MeasurementArguments are created under a Calculation. The
Calculation CALC shown in the hierarchical view in figure has two MeasurementArguments,
namely CBMW and LDMW as its input/output parameters.

13.1.4.1 Attributes

The attributes for a MeasurementArgument are shown in the table below.

Attribute Description Data Type | Default ngple
ata
True when the Measurement is an input
referenceflag and False when the Measurement is an Boolean False False
output.
True if a change in the value of the
triggerFlag associated MeasurementValue triggers a | Boolean False False
recalculation of the output
. Temporary attribute to support dual
Zonal Attribute SCADA feeds. Boolean False False
Alias Name Free text name of the object or instance. String None XYZ
Description Description of the object or instance. String None XYZ
A Model Authority issues mRIDs. Given
that each Model Authority has a unique id .
Model Resource ID and this id is part of the mRID, then the String None 343
mRID is globally unique.
The pathname is a system unique name
composed from all
Path Name IdentifiedObject.names in a standard String None XYz
naming hierarchy path from the object to
the root.
Reference Name If this is a Reference, name for the String None N
reference.
13.1.4.2 Linkage
The required links for a MeasurementArgument are defined in the table below.
Link Name Description Path Name
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AssignedTo(FunctionArgument)

Identifies to which function argument of
the function it belongs to.

List_Informatio
n/Functions/

MappedTo(MeasurementValue)

Identifies a MeasurementValue that is
acting as an input/output feed to/for this
MeasurementArgument.

13.1.5 Modeling Approach for ConstantArgument

In addition to MeasurementArguments, the ERCOT data dictionary allows scalar inputs
parameters to be defined for a Calculation using instances of type ConstantArguments. Similar to
MeasurementArgument modeling, ConstantArguments are modeled under a Calculation as well.
ConstantArguments can only serve as input parameters of a Calculation. The IMM hierarchical
view for the Calculation CALC in figure shows one such CalculationArgument, namely INEG as

its input.

13.1.5.1 Attributes

The attributes for a ConstantArgument are shown in the table below.

Attribute

Description

Data Type

Default

Sample
Data

referenceflag

True when the Measurement is an input and
False when the Measurement is an output.

Boolean

False

False

Zonal Attribute

Temporary attribute to support dual SCADA
feeds.

Boolean

False

False

Alias Name

Free text name of the object or instance.

String

None

XYZ

LocalName

The localName is a human readable name of
the object. It is only used with objects
organized in a naming hierarchy. The

simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of the
same parent have names that are unique
among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName
shall not be used, use IdentifiedObject.name
instead.

String

None

XYz

Model Resource
ID

A Model Authority issues mRIDs. Given that
each Model Authority has a unique id and
this id is part of the mRID, then the mRID is
globally unique.

String

None

232

Path Name

The pathname is a system unique name

String

None

XYZ
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composed from all IdentifiedObject.names in
a standard naming hierarchy path from the
object to the root.

Reference
Name

If this is a Reference, name for the reference. String None XYZ

13.1.5.2 Linkage

The required links for a ConstantArgument are defined in the table below.

Link Name Description Path Name

Identifies to which function argument of | List_Information/Function/

AssignedTo(FunctionArgument) the function it belongs to. FuctionArgument

Identifies a ConstantValue that is acting
MappedTo(ConstantValue) as an input/output feed toffor this
ConstantArgument.

13.1.6 Modeling Function and FunctionArguments

In the ERCOT CIM model Functions are utilized to define commonly use mathematical
computations pertaining to SCADA measurements. Functions get referenced when defining
Calculations in the model. Some of the function definitions available for re-use in the ERCOT CIM
model include absolute value (ABS), addition (ADD3), average (AVG1), bestOf (BEST), division
(DIV), multiplication (MULT) and MVA-computation (MVAL). A list of all available Functions in the
model can be viewed in the IMM hierarchy at the path List_Information/Functions.

The CIM model uses FunctionArguments to define the characteristic features of the input and
output parameters of a function. The attributes ReadFlag and WriteFlag for a FunctionArgument
are of special importance. As the names suggests ReadFlag and WriteFlag help define the I/O
nature of the parameter, i.e. the parameter will be considered as an input to the function when it's
ReadFlag = True and WriteFlag = False. Similarly the variant will be considered as an output to
the Function when it's ReadFlag = True and WriteFlag = False. In the CIM model
FunctionArguments get referenced when defining MeasurementArguments and/or
ConstantArguments for a Calculation.
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Figure 28 - IMM hierarchical view of a Function definition in the ERCOT model.

An example of the function ADD is visible in the figure. This function has three
FunctionArguments under it namely, ARG1, ARG2 and ARG3. When defining Calculations in the
model the total number of input/output parameters (MeasurementArguments and/or
ConstantArguments) is limited by the total number of FunctionArguments defined in the
referenced Function. Thus if a calculation is to be modeled by referencing the Function ADD, it
must have 3 input/output parameters (MeasurementArguments and/or ConstantArguments)
modeled as its children.

13.1.7 Modeling Approach for Analog and Discrete Measurement

The ERCOT data dictionary defines Analog and/or Discrete measurement as any measured,
calculated or non-measured quantity. Any piece of equipment in the model can have
measurements, e.g. a substation may have temperature measurements and door open
indications, a transformer may have oil temperature and tank pressure measurements, a bay may
contain a number of power flow measurements and a breaker may contain a switch status
measurement.

As mentioned earlier, in the ERCOT model Analog and Discrete measurements are created
under a terminal. The choice of a measurement is dependent on the nature of the physical
guantity being measured. For example, MW/MVAR/MVA measurements will be identified as
Analog measurement in the ERCOT model, whereas Status-like binary-logic based
measurements will be classified as Discrete measurements in the ERCOT model.
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The attributes for Analog and Discrete measurements are shown in the table below.

Attribute

Description

Data
Type

Default

Sample
Data

Analog

Discrete

ForNetwork

measurement this boolean

In the case of SCADA

needs to be set to False.

Boolean

False

False

Zonal
Attribute

Temp Attribute to support

dual SCADA feeds.

Boolean

False

False

Transmission
Element ID

Transmission Element ID.

Long
Integer

Auto
Populated

343

Alias Name

Free text name of the
object or instance.

String

None

XYz

Description

Description of the object or

instance.

String

None

XYz

Local Name

The localName is a human

simplest naming hierarchy

readable name of the
object. It is only used with

objects organized in a

naming hierarchy. The

has just one parent (the
root) giving a flat naming
hierarchy. However, the
naming hierarchy usually
has several levels, e.qg.
Substation, VoltagelLevel,
Equipment etc. Children of
the same parent have
names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name
instead.

String

None

XYz

Maximum
Value

Normal value range
maximum for any of the
MeasurementValue.values.
Used for scaling, e.g. in bar
graphs or of telemetered

Float

raw values.

None

23
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Normal value range
minimum for any of the
Minimum Measuremenj[VaIue.vglues. Float None 34 X X
Value Used for scaling, e.g. in bar
graphs or of telemetered
raw values.
A Model Authority issues
mRIDs. Given that each
Model Model Authority has a . .
Resource ID | unique id and this id is part String String 234 X X
of the mRID, then the mRID
is globally unique.
Normal Normal measurement
value, e.g., used for Float None 34 X X
Value .
percentage calculations.
The pathname is a system
unique name composed
Path Name from all
IdentifiedObject.names ina | String None XYZ X X
standard naming hierarchy
path from the object to the
root.
If true then this
measurement is a MW,
MVAR or AMPS with the
Positive Flow | convention that a positive
Boolean False False X
In value measured at the
Terminal means power is
flowing into the related
PowerSystemResource.
13.1.7.2 Linkage
The required links for Analog and Discrete measurements are defined in the table below
Link Name Description Path Name Analog | Discrete
Specify the type of measurement ex.
Measurement threephasepower, . .
. List_Information/Me
UsesAMeasur threephasereactivepower, X X
i . asurementType
ementType threephaseactivepower, linecurrent,
etc.
Measurement Dimension of the telemetered value. List_Information/Unit X X
UsesAUnit Ex. MVA, MW, MVAr, A, etc. S
Measurement | The device identified in this association | Network/ERCOTTex X X
MemberOfPo | is exactly same as the parent device of | asNetwork/ERCOTS
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werSystemRe the associated terminal. ubstations/WeatherzZ
source one/Substation/Volta
geLevel/Device

Measurement .
The operator of equipment has the
OwnedByOwn : . .
; right to edit the equipment. An .
ership . Network/Companies X X
operator can only be assigned by the
creator or owner of the equipment.
Measurement The owner of equipment has editing
OwnedByOpe and administrative rights. An owner
ratorship gnis. Network/Companies X X

can only be assigned by the creator of
the equipment.

13.1.8 Modeling Approach for SCADA AnalogValue and DiscreteValue

The ERCOT data dictionary utilizes AnalogValues and/or DiscreteValues to define current state
for the Analog and/or Discrete measurement. A state value is an instance of a measurement from
a specific source. Analog and/or Discrete measurements can be associated with many state
values, each representing a different source for the measurement.

In the ERCOT CIM model AnalogValues and/or DiscreteValues are used to define inputs for the
EMS SCADA database or the ICCP database by variations in the linkages of AnalogValue and/or
DiscreteValue. For simplicity the prior type of AnalogValue and/or DiscreteValue is referred as
SCADA measurementvalue and the later is referred as ICCP measurementvalue this section
onwards. The current section will describe the modeling subtleties of SCADA
measurementvalues whereas the ICCP measurementvalues will be covered in the following
sections.

All Analog and/or Discrete measurements irrespective of their MeasurementValueSource should

have a SCADA MeasurementValue of appropriate type created under it. The hierarchical view in
the figure shows the AnalogValue MVAR_SValue created under the Analog MVAR.

13.1.8.1 Attributes

The attributes for a SCADA AnalogValues and DiscreteValues are shown in the table below.

Data Default | Sample

Attribute Description Type Value Data

Analog | Discrete

The number of seconds for
the alarm to remain on the

Abnormal Alarm persistence alarm list Long
. - . None 23 X X
Delay Time before toning/alarming Integer
because it remained in the
violated state.

This flag is used to cause

Abnormal For alarm messages for . Boolean | False False X X
Alarm abnormals to have their

date/time displayed in
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black in the Alarm displays
instead of red (assuming
the HABITAT FG element
set).

Abnormal For
SCADA

Setting this flag to true
does not affect Alarm
displays, but forces the
record to appear Normal
on SCADA displays.

Boolean

False

False X X

Audible Tone

A flag indicating that
notifications of alarm
conditions via audible
tones and horns will be
suppressed.

Boolean

False

False X X

Auto
Acknowledge

When set to true, this flag
specifies that alarms will
be automatically
acknowledged on return to
normal. This will only
occur if the Alarm Return
to Violations flag is not set
on the Limit Names table.

Boolean

False

False X X

Auto Ack and
Delete Alarms

Automatically
acknowledge and delete
alarms if the Analog is
manually entered or
successfully controlled by
the operator to a normal
state.

Boolean

False

False X X

Block via
Primary Site

Block Value and Quality

update via Primary Site:

Do not allow update from
the primary site.

Boolean

False

False X X

Block via
Secondary Site

Block Value and Quality
update via Secondary Site:
Do not allow update from
the secondary site.

Boolean

False

False X X

byPass

When set to true, this flag
specifies allowing bypass
entry of Suspect values if
telemetered from a remote
site or SCADA Front End.

Boolean

False

False X X

Control Demand
Scan

True = Issues a demand
scan request to the RTU at
a configurable number of
seconds after any
successful control

Boolean

False

False X X
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requests are issued. This
feature is primarily used by
measurements with a slow
scan rate to provide more
timely feedback on the
success or failure of the
control operation.
A flag indicating that when
the system first comes
Initially Inhibit online, alarm indications | Boolean | False False
for this SCADA entry will
initially be inhibited.
Inhibit Abnormal Permanently Inhibit the Boolean | Ealse False
For Alarm flag of abnormalForAlarm.
Inhibit Abnormal Permanilntly Inhibit the
For SCADA ag of Boolean | False False
abnormalForSCADA.
Inhibit Audible Permanently Inhibit the
g Boolean | False False
Tone flag of audibleTone.
-~ . Permanently Inhibit the
g]r?ébglle:?rggl_linsgt _ flag of _ Boolean | False False
loggingAndAlarmList
Inhibit Permanently Inhibit the
Unacknowledged flag of Boolean | False False
Alarm List unacknowledgedAlarmlList.
Logging and Permanently Inhibit the
Alarm List . flag of _ Boolean | False False
loggingAndAlarmList.
Not In Service flag mdlca'glng hotin Boolean | False False
service.
A flag indicating that that
Override Default the Operator Inhibit Boolean | Ealse False
Inhibit Definition Definition overrides the
Global Default Inhibit.
When set to true, this flag
R . specifies that state
ecord Historical
Data changes on the Ar)alog are | Boolean | False False
recorded in the historical
data review file.
The number of seconds for
Return to Normal | the alarm to remain on the
Alarm Delay persistence alarm list Boolean | False False
Time before toning/alarming
because it remained in the
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normal state.

Time Delay

The number of seconds
after the control request is
successfully issued before

sending a demand scan
request to the associated

RTU.

Boolean

False

False X X

Unacknowledged
Alarm List

Permanently Inhibit the
flag of

unacknowledgedAlarmlList.

Boolean

False

False X X

XEnable Auto
SE Replacement

TRUE = Allow automatic
State Estimator
replacement.
Automatically substitute
the display value with a
good quality state
estimated value if the
quality of the telemetered
Analog becomes
SUSPECT.

Boolean

False

False X

Invert Analog Via
Secondary Site

TRUE = Negate the
Analog value when
received from the
secondary site.

Boolean

False

False X

Invert Sign

When set to true, this flag
specifies that the Analog
value, as received by
SCADA, is inverted before
using in other applications.

Boolean

False

False X

Negative Uni-
Polar Clamping

True = positive values will
be forced (clamped) to
zero before updating into
the database.

Boolean

False

False X

Peak Data

When set to true, this flag
specifies that the Peak
Data Processing task will
sample this Analog.

Boolean

False

False X

Positive Uni-
Polar Clamping

TRUE = negative values
will be forced (clamped) to
zero before updating into
the database.

Boolean

False

False X

SE Deadband

Display values of good
quality which are different
than a good quality state-
estimated value by more

than this amount are

Boolean

False

False X
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considered anomalous,
and automatically
substituted with the state-
estimated value, if the
global Automatic State-
Estimator Replacement
function is enabled.

Zero Clamping
Deadband

If value is greater than
zero, then any value
between zero and the
entered value will be
forced (clamped) to zero
for update into the
database.

Boolean

False

False X

Invert Status

True = The status point
value, as received by
SCADA, is inverted before
using in other applications.

Boolean

False

False X

Invert Extended
Status via ISD

True = The extended
status bit (XIS) will be
inverted when received
from the primary site.

Boolean

False

False X

Invert Extended
Status Via Sec
Site

True = The extended
status bit (XIS) will be
inverted when received
from the secondary site.

Boolean

False

False X

Invert Status Bit
Received Via
ISD

True = The status bit (SIS)
will be inverted when
received from the primary
site.

Boolean

False

False X

Invert Status Bit
Received Via
Sec Site

True = The status bit (SIS)
will be inverted when
received from the
secondary site.

Boolean

False

False X

Momentary
Change
Detection

A Model Authority issues
mRIDs. Given that each
Model Authority has a
unique id and this id is part
of the mRID, then the
mRID is globally unique.

Boolean

False

False X

No ISD
Download

True = Even though the
Point is associated with a
remote site, the Point will
not be included in the
Intersite Data download
request for status values
to the remote site. The

Boolean

False

False X
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remote site is only used for
determining which site to
send Supervisory Controls
to.

No Warning if
Hanging

Don't issue warning
message if a lone
Topology Node is defined,
which is not defined on
any other record within the
Substation.

Boolean

False

False X

status Bit Live
Indication

T = S bit true indicates
LIVE, false indicates
DEAD; F = S hit true

indicates DEAD, false

indicates LIVE.

Boolean

False

False X

Tap Changer
Timeout

The timeout between
steps of a multiple
raise/lower supervisory
control sequence for a tap
changer.

Boolean

False

False X

Three State

True = A three-state point
is modeled.

Boolean

False

False X

Alias Name

Free text name of the
object or instance.

String

None

XYZ X X

Allow SELECT
Step

TRUE = a separate
SELECT action is allowed
(but not required) prior to

the supervisory control
action.

Boolean

False

False X X

Component
Status

True when value
represents status of
communication path

component.

Boolean

False

False X X

Description

Description of the object or
instance.

String

None

XYZ X X

from Calculation

When set to true, this flag
specifies the source of the
data is from Calculation,
set to false otherwise.

Boolean

False

False X X

From External
Program

When set to true, this flag
specifies the source of the
data is an external
program, set to false
otherwise.

Boolean

False

False X X
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from Manual
Entry

When set to true, this flag

specifies the source of the

data is from Manual Entry,
set to false otherwise.

Boolean

False

False

from Remote

When set to true, this flag
specifies the source of the
data is ICCP, set to false
otherwise.

Boolean

False

False

HABC Name

Connection ID of value
using HABConnect.

String

None

False

ISD Name

Dollar-separacted SCADA
Composite ID.

String

None

False

Local Name

The localName is a human
readable name of the
object. It is only used with
objects organized in a
naming hierarchy. The
simplest naming hierarchy
has just one parent (the
root) giving a flat naming
hierarchy. However, the
naming hierarchy usually
has several levels, e.g.
Substation, VoltageLevel,
Equipment etc. Children of
the same parent have
names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name
instead.

String

None

XYz

Mapped In OAG

T = This data-point is also
represented in the OAG
model as a data item
(designated member of a
data packet).

Boolean

False

False

Model Resource
ID

A Model Authority issues
mRIDs. Given that each
Model Authority has a
unique id and this id is part
of the mRID, then the
mRID is globally unique.

String

None

XYz

Path Name

The pathname is a system
unigue hame composed

String

None

XYZ
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from all
IdentifiedObject.names in
a standard naming
hierarchy path from the
object to the root.
True = a supervisory
control action is not
Require initiated when a control Boolean | False False
EXECUTE Step action is received, and
must wait for an additional
EXECUTE action.
TRUE = a separate
Require SELECT | SELECT action is required
. Boolean | False False
Step before a supervisory
control action.
The limit, expressed as a
percentage of the sensor
Sensor Accurac maximum, that errors will Double None 45
y not exceed when the Float
sensor is used under
reference conditions.
Tabular Display . . Long
Priority Priority of tabular display. Integer 0 3
Time Stamp The time when the value D_ate None | 3/4/2009
was last updated. Time
Value Value of measurement. Float None 4
VMD Scope True when value has VMD Boolean | False False
scope.
. Temp Attribute to support
Zonal Attribute dual SCADA feeds. Boolean | False False
Control MMI true = override any default
. Boolean | False False
Sequence settings.
When set to true, this flag
specifies the source of the
From State . . )
. data is state estimator; Boolean | False False
Estimator S
otherwise it is usually set
to False.
Threshold (percentage
Historical currently recorded Analog Double
Recording data) above which Float 0 45.6
Deadband additional data points
should not be retained.
Negate Value When set to true, this flag | Boolean | False False
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Received from
ISD

specifies that the polarity
of the Analog value
received via ISD will be
switched.

Skip Limit
Checking

When set to true, this flag
specifies disable
reasonability limit checking
for this Analog.

Boolean

False False

Zero Clamping
Deadband

If value is greater than
zero, then any value
between zero and the
entered value will be
forced (clamped) to zero
for update into the
database.

Float

None 4.5

Allow Control
from Foreign
Sites

True = Another site may
issue a control on this
point.

Boolean

False False

Allow Multiple
Raise or Lower

True = Multiple Tap Raise
and Lower commands
may be issued
consecutively without re-
selecting the...

Boolean

False False

Feedback
Analog

True = The Analog Name
which is configured to
provide feedback of the
associated Analog value
for control completion
checks of Raise/Lower
supervisory controls. The
chosen Analog must be
modeled under the same
Device as the controlling
Point record. This field is
optional.

String

None XYZ

Log for Control
Issued

True = Controls issued on
this point will be logged in

Boolean

the system activity log.

False False

13.1.8.2 Linkage

The required links for SCADA AnalogValues and DiscreteValues are defined in the table below.

Link Name

Description

Path Name

Analog

Discret
e
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Identifies a SCADA Site that is
used to transfer data measured by
: this measurement. W.r.t. to Nodal | List_Informatio
BelongTo(Site) model, sites, QSE1-QSE3 and n/Site X X
TSP1-TSP3are usually used with
certain exceptions.
Identifies a backup SCADA Site
that may be used to transfer data
. measured by this measurement. List_Informatio
HasSecondary(Site) W.r.t. to Nodal model, sites, QSE4- n/Site X X
QSE7 and TSP4-TSP7 are usually
used with certain exceptions.
Identifies the Calculation to which
CalculatedBy(Calculati this measurement belongs. X X
on)
Identifies the measurement group Points to the
. . Measurement
to which this measurement
GroupedBy(Measurem Group created
belongs. X X
entGroup) under a
Measurement
Location
List_Informatio
BelongTo (Analog Identifies whether an Analog Value n/Analog X
Alarm Category) belongs to Analog Alarm Category Alarm
Categories
List_Informatio
HasNamenc])fe()AnangNa The name of the Analog value n/Analog X
Names
. List_Informatio
HasA(Accuracy Class) Identifies if the Analog value has niAccuracy X
an accuracy class
Classes
. Identifies whether a Discrete Value Llst_Informatlo
BelongTo (Discrete . n/Discrete
belongs to Discrete Alarm X
Alarm Category) Alarm
Category .
Categories
. List_Informatio
HasNameof(DiscreteN The name of the Discrete value n/Discrete X
ame)
Names
o . List_Informatio
Has(ConversionTable) |dentifies whether a_Dlscrete value n/Conversion X
has a Conversion Table
Tables
HasTypeof(DiscreteTy | ldentifies whether a Discrete Value | List_Informatio X
pe) has type of Discrete type. n/Discrete
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| | Type | |

13.1.9 Modeling Approach for Auxiliary SCADA Lists

This subsection briefly describes the various auxiliary SCADA lists in the ERCOT CIM model that
are utilized when creating SCADA Analog and/or Discrete measurementvalues.

Sites: The Sites table is used to define valid SCADA sites, including the local site. Each
Point, Analog, and Count Record in the model must be associated with a SCADA Site record
in this table. Only data retrieved via intersite data will be associated with any site other than
the local site name. In the ERCOT model, DE is the designated local site. The various
other sites currently defined and used in the ERCOT model are, QSE1, QSE2, QSE3, QSE4,
QSES5, QSES6, QSE?7, SI, TSP1, TSP2, TSP3, TSP4, TSP5, TSP6, TSP7, etc..

Analog Alarm Category: This reference table is used to define Analog alarm category
information for the SCADA subsystem. The Analog alarm categories currently defined and
used in the ERCOT model are: AL and BB.

Discrete Alarm Category: This reference table is used to model SCADA Discrete Alarm
Category information. The Discrete alarm categories currently defined and used in the
ERCOT model are, AL, BB, AL, AV, B1, B2, B3, B4, and SS.

Analog Name: This reference table is used to define various types of Analog measurements
that can be defined in the ERCOT CIM model. Some of the Analog Names currently defined
and used in the ERCOT model are, AMP, MW, MVA, MVAR, HZ etc.

Discrete Name: This reference table is used to define various types of Discrete
measurements that can be defined in the ERCOT CIM model. Some of the Discrete Names
currently defined and used in the ERCOT model are, ST, AVR, RBST, etc.

Permission Areas: This reference table is used to define valid areas of responsibility for
SCADA measurements. The Permission areas currently defined and used in the ERCOT CIM
model are, AL, COMMS, EAST, ECAR, ERCOT, GEN, NORT, SOUT, and SYSTEM.

Conversion Tables: This reference table is used to specify a method of data conversion to be
utilized for measurements. The only conversion table used in the ERCOT model is the OAG
(Open Access Gateway).

Accuracy Class: This reference table holds accuracy information for measurement,
generation and load schedules. The accuracy classes that are currently defined and used in
the ERCOT CIM model are, DCLN, KCL, KV, LD, LDHR, LDHW, LDLR, LDLW, LDMR,
LDMW, etc..

Analog Limit Names: This reference table is used to define valid Limit names and parameters
to be used when defining Limit. The Analog Limit names currently defined and used in the
ERCOT model are: 15MN, DA15, DAEM, DANR, DM15, DMEM, DMNR, EMGY, etc..

Discrete Type: This reference table is used to define parameters for switching devices, such
as breakers or disconnects, in the SCADA topology model. The various Discrete Types
defined currently defined and used in the ERCOT model are, CA_M, COO, HU T, IN_T,
MNB, MOB, MOO, N_A, N_T, O_C, O_C1, etc.
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o DeviceTypeName: This reference table is used to define the SCADA device type names The
various Discrete Types defined currently defined and used in the ERCOT model are, BKR,
BS, BUS, CAP, CB, LD, GEN etc.. More DeviceTypeNames can be found by navigating to
.other Orphans/DeviceTypeName
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14 MODELING ICCP

14.1 MODELING APPROACH FOR ICCP

This section describes the approach for modeling ICCP (Inter Control Center Protocol). It is used
to provide data exchange between control centers, utilities, power pools, regional control centers
and Non-Utility Generators. The data that is sent can be periodic system data, block data
transfer, information messages, device control requests etc. Figure below shows the modeling of
MVAR telemetry that is sourced from ICCP for a load as modeled in the IMM hierarchy.

; (Test) - Information Model Manager - Microsoft Internet Explorer
Eile Edit Yiew Insert Tools Help |
Belo]snexs(m TR 7
= .other Data -]
= other Orphans J
&= Contingencies_and_RASs @um
i@ List_Information PowerCC
[]-r Model_“ersion_Information
i MNetwork
[+ == Base Voltage
[4 BranchGroup
[4 Companies
E Contacts
[+ DCTies
[+ EFS_teter
[+ ERCOT Settlement Zones
=@ ERCOT Texas Netwark
=-dp ERCOT Substations
Mg WZ_COAST
=-XE _ sup -e—— Substation
Eiﬁ 345 <4—— VoltagelLevel
B+ LD ~&—— CustomerLoad
B _LD -¢—— MeasurementLocation
E--0 _LO_1 <&—— Terminal
Eo mviR <€—— Analog
: Ele ICCP Yalue <@—— ICCP AnalogValue
| L= ICCP_Quality <€—— MeasurementValueQuality
. .@ WVAR_SValuz <e—— SCADA AnalogValue v |
|ﬂ£| Done I_I_I_I_ l_ |EJ Local inkranet S

Figure 29 - IMM hierarchical view of ICCP-sourced measurements in the ERCOT model.

As mentioned earlier the ERCOT CIM model allows multiple AnalogValues and/or DiscreteValues
to be associated with the same Analog and/or Discrete measurement parent. This feature is
exploited when modeling Analog and/or Discrete measurements that are sourced from ICCP in
the ERCOT model. In practice the ERCOT CIM model allows a maximum of three AnalogValue
and/or DisceteValues to reside under the same Analog and/or Discrete parent. As mentioned in
the earlier section on SCADA one amongst these three AnalogValues and/or DiscreteValues is
the SCADA measurementvalue that holds information necessary to define the instance in the
EMS SCADA database and the other two may be utilized to provide information relevant to the
ICCP source. An Analog and/or Discrete measurement may contain two ICCP
measurementvalues in the scenarios when the telemetered ICCP value is desired to be visible in
both ERCOT TSP and ERCOT QSE ICCP database. The modeling of ICCP will be described in
the sections to follow.
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14.2 MODELING APPROACH FOR ICCP ANALOGVALUE AND DISCRETEVALUE

The ERCOT CIM model utilizes AnalogValue and DiscreteValues to model ICCP related data.
The current section will identify the modeling subtleties of ICCP measurementvalues. As
mentioned earlier the ICCP AnalogValue and/or DiscereteValue is created under an Analog
and/or Discrete measurement in the IMM hierarchy. In the figure below the AnalogValue,
ICCP_Value is the ICCP AnalogValue that holds information relevant to the ICCP source of the
MVAR Analog measurement. It is imperative for a SCADA AnalogValue/DiscreteValue to be
defined under the same Analog parent utilizing the modeling approach described in the previous
sections.

14.2.1 Attributes

The attributes for ICCP AnalogValues and DiscreteValues are shown in the table below.

. I Data Default | Sample .
Attribute Description Type Value Data Analog | Discrete
Remote Site Remote site normally
Normally calculated. True for Boolean False False X X
Calculated. ICCP, false otherwise.
Remote Site Remote site normally
Normally estimated. True for Boolean False False X X
Estimated ICCP, false otherwise.
Remote Site Remote site normally
Normally manually entered. True
Manually for ICCP., false Boolean False False X X
Entered otherwise.
Remote Site Remote site normally
Normally telemetered. True for Boolean False False X X
Telemetered ICCP, false otherwise.
ICCP data set period
iccp Dgta Set used for the Long None 3 X X
Period Integer
measurement.

14.2.2 Linkage

The required links for ICCP AnalogValues and DiscreteValues are defined in the table below.

Link Name Description Path Name Analog | Discrete

MeasurementValueSource

MeasurementValue | describes the alternative Network/Companies /
Source sources updating a MeasurementValueSource

MeasurementValue.
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14.3 MODELING APPROACH FOR MEASUREMENTVALUEQUALITY

MeasurementValueQuality codes are flags which are utilized to know the quality of the data that
is received or sent by or to ERCOT. There are various quality codes that are used by ERCOT and
the MarketParticipant to communicate about the quality of data. In the ERCOT model a
MeasurementValueQuality must be modeled under the ICCP AnalogValue or DiscreteValue. The

following figure shows this hierarchical association between AnalogValue/DisceretValue and a
MeasurementValueQuality the MeasurementValueQuality, ICCP_Quality modeled under the
ICCP AnalogValue ICCP_Value.

14.3.1 Attributes

The attributes for ICCP MeasurementValueQuality are shown in the table below

Attribute

Description

Data
Type

Default
Value

Sample
Data

Analog

Discret
e

hasCOV

Whether or not ICCP
item has Change of
Value modifier.

Boolean

False

False

hasquality

Whether or not ICCP
item has Quality
modifier.

Boolean

False

False

hasTimeStam
p

Whether or not ICCP
item has Timestamp
modifier.

Boolean

False

False

ZonalAttribute

Temporary attribute
to support dual
SCADA feeds.

Boolean

False

False

Alias Name

Free text name of the
object or instance.

String

None

XYz

Bad Reference

Measurement value

may be incorrect due

to a reference being
out of calibration.

Boolean

False

False

Description

Description of the
object or instance.

String

None

XYz

Estimator
Replaced

Value has been
replaced by State
Estimator.
estimatorReplaced is
not an IEC61850
quality bit but has
been put in this class
for convenience.

Boolean

False

False
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This identifier
indicates that a
supervision function
has detected an
internal or external
failure, e.g.
communication
failure.

Failure Boolean False False X X

The localName is a
human readable
name of the object. It
is only used with
objects organized in
a naming hierarchy.
The simplest naming
hierarchy has just
one parent (the root)
giving a flat naming
hierarchy. However,
the naming hierarchy
usually has several
levels, e.g.
Substation,
VoltageLevel,
Equipment etc.
Children of the same
parent have names
that are unique
among them. If the
unigueness
requirement cannot
be met
IdentifiedObject.local
Name shall not be
used, use
IdentifiedObject.nam
e instead.

LocalName String None XYZ X X

A Model Authority
issues mRIDs. Given
that each Model
Model Authority has a
Resource ID unique id and this id
is part of the mRID,
then the mRID is
globally unique.

String None XYz X X

Measurement value
is old and possibly
invalid, as it has not
Old Data been successfully Boolean False False X X
updated during a
specified time
interval.
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Operator
Blocked

Measurement value
is blocked and hence
unavailable for
transmission.

Boolean

False

False

Oscillatory

To prevent some
overload of the
communication it is
sensible to detect
and suppress
oscillating (fast
changing) binary
inputs. If a signal
changes in a defined
time (tosc) twice in
the same direction
(fromOto 1 or from 1
to 0) then oscillation
is detected and the
detail quality identifier
‘oscillatory' is set. If it
is detected a
configured numbers
of transient changes
could be passed by.
In this time the
validity status
‘questionable’ is set.
If after this defined
numbers of changes
the signal is still in
the oscillating state
the value shall be set
either to the opposite
state of the previous
stable value or to a
defined default value.
In this case the
validity status
‘questionable’ is reset
and 'invalid' is set as
long as the signal is
oscillating. If it is
configured such that
no transient changes
should be passed by
then the validity
status 'invalid' is set
immediately in
addition to the detalil
quality identifier
‘oscillatory’ (used for
status information
only).

Boolean

False

False
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Measurement value
is beyond a
predefined range of
value.

Out of Range Boolean False False X

Measurement value
is beyond the
capability of being
represented properly.
Over Flow For example, a Boolean False False X
counter value
overflows from
maximum count back
to a value of zero.

The pathname is a
system unigue name
composed from all
IdentifiedObject.nam
es in a standard
naming hierarchy
path from the object
to the root.

Path Name String None XYZ X

Source gives
information related to
the origin of a value. Enumera | PROCES | PROC
Source The value may be . X

. tion S ESS
acquired from the
process, defaulted or
substituted.

A correlation function
has detected that the
value is not consitent
Suspect with other values. Boolean False False X
Typically set by a
network State
Estimator.

Measurement value
Test is transmitted for test | Boolean False False X
purposes.

Validity may be good,
questionable or Enumera
Validity invalid. Refer to the tion GOOD GOOD X
Validity enumeration
for more details.

14.3.2 Linkage

The required links for ICCP MeasurementValueQuality are defined in the table below.
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Link Name Description I\Fl);r;he Analog | Discrete
. A MeasurementValue has a
MeasurementValueQualityM MeasurementValueQuality X X
emberOfMeasurementValue associated with it
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15 MODELING RATINGS

15.1.1 Modeling Approach for Ratings

In the network model static ratings are required to be defined for different equipment types (eg.
lines, transformers, etc.). In addition to defining operational thresholds for devices, these ratings
help define the reasonable boundary conditions for analogs measurements telemetered on the
devices as well.

The ERCOT CIM model utilizes instances of type AnalogLimitSets and AnalogLimits to model
both, operational static limits of a device and SCADA limits of individual analog measurements. In
the model both the Rating AnalogLimitSets and SCADA AnalogLimitSets are defined under an
Analog. The attribute forNetwork on the parent Analog measurement is used to distinguish
analogs containing Rating AnalogLimitSets (forNetwork = True) from analogs containing SCADA
AnalogLimitsSets (forNetwork = False). The following sections describe the other subtle
differences in modeling Rating AnalogLimitsSets and SCADA AnalogLimitSets.

15.1.2 Modeling Approach for SCADA AnalogLimitSet

SCADA AnalogLimitSets (AnalogLimitSet.forNetwork = False) define a group of Limits that are
help set the bounds of SCADA Analog telemetry. In the current ERCOT model SCADA
AnalogLimitSets are modeled for Transfomers and Lines only. Figure below shows the modeling
of SCADA AnalogLimitSets for a line as modeled in the IMM hierarchy. In the figure below the
SCADA AnalogLimitSet, ALS is modeled under the Analog measurement named, MVA. Note that
every Analog can contain only one SCADA AnalogLimitSet definition.
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Figure 30 - IMM hierarchical view of SCADA limits in the ERCOT model.
15.1.2.1 Attributes

The attributes for AnalogLimitSet are shown in the table below.

Attribute Description Data Type Default

Sample
Data

In the case of SCADA limits
ForNetwork this boolean should be set to Boolean False
False.

False

IsPercentageLimits | Tells if the limit values are in
percentage of normalValue Boolean False
or the specified Unit for

False
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Measurements and Controls.

ZonalAttribute

Temp Attribute to support
dual SCADA feeds.

Boolean

False

False

Alias Name

Free text name of the object

or instance.

String

None

XYz

Description

Description of the object or
instance.

String

None

XYz

Local Name

The localName is a human
readable name of the object.
It is only used with objects
organized in a naming
hierarchy. The simplest
naming hierarchy has just
one parent (the root) giving a
flat naming hierarchy.
However, the naming
hierarchy usually has several
levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name
instead.

String

None

XYz

Model Resource ID

A Model Authority issues
mRIDs. Given that each
Model Authority has a unique
id and this id is part of the
mRID, then the mRID is
globally unigue.

String

None

123

Path Name

The pathname is a system
unigue name composed from
all IdentifiedObject.names in
a standard naming hierarchy

path from the object to the

root.

String

None

XYz

Type

This value should be set to
Limits when ForNetwork is

False.

Enumerator

None

limits

15.1.2.2 Linkage

The required links for AnalogLimitSet are defined in the table below.
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Link Name Description Path Name
An IdentifiedObject belongs to a Modeling
Belongs To Authority Set for purposes of defining a

(ModelingAuthoritySet)

group of data maintained by the same

Modeling Authority.

Has A (Season)

Defines season associated to the rating.

15.1.3 Modeling Approach for SCADA AnalogLimit

The ERCOT data dictionary utilizes the AnalogLimits to specify the limit values for the Analog
measurement. AnalogLimits are modeled under the AnalogLimitSet. The attribute limittype is
utilized to classify the type of the AnalogLimit being modeled. The commonly utilized types are
fifteen minute rating, two hour rating, normal rating and conductor rating. In the ERCOT CIM
model every AnalogLimitSet can have a maximum of four distinctly typed AnalogLimits as its
children. In the figure below, four AnalogLimits, namely 15MN, CONDUCTOR, EMGY and NRML
are modeled as under of the AnalogLimitSet, ALS.

15.1.3.1 Attributes

The attributes for AnalogLimit are shown in the table below.

Attribute

Description

Data Type

Default

Sample
Data

LowerThreshhold

The value below which the
Analog is considered in
violation of the limit. When the
Upper Threshold is null, only
the Lower Threshold is checked
for violation.

Float

None

UpperThreshhold

The value above which the
Analog is considered in
violation of the limit. When the
low limit is null, only the high
limit is checked for violation.
This value must be greater than
the Lower Threshold.

Float

None

24

Deadband

Amount, expressed as a
percentage of the range
between upper and lower
threshold, used in the limit
comparison to eliminate
extraneous alarms generated
when an Analog value oscillates
around a limit. When either
threshold is null, the percentage
is that of the non-null limit.

Double Float

None
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LimitType

Type of limit.

Enumeration

None

Normal
Rating

ForbiddenRegion

T = The Analog is in violation if it
is smaller than the Upper
Threshold and larger than the
Lower Threshold.

Boolean

False

False

IgnoreLimitChecking

T = The limit should be ignored
when checking the Analog for limit
violations.

Boolean

False

False

UsePercentage

T = The value displayed in the
deadband field (below) is the
percentage deadband. Otherwise,
the value displayed is the numeric
deadband.

Boolean

False

False

Value

The value to supervise against.
Should be Null for SCADA
AnalogLimit.

Double Float

None

Null

Zonal Attribute

Temp Attribute to support dual
SCADA feeds.

Boolean

False

False

Local Name

The localName is a human
readable name of the object. It is
only used with objects organized

in a naming hierarchy. The

simplest naming hierarchy has just
one parent (the root) giving a flat
naming hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are unique among
them. If the uniqueness
reguirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

String

None

XYZ

Model Resource ID

A Model Authority issues mRIDs.
Given that each Model Authority
has a unique id and this id is part
of the mRID, then the mRID is
globally unique.

String

None

123

Path Name

The pathname is a system unique
name composed from all
IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

String

None

XYz
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Free text name of the object or

Alias Name ; String None XYZ
instance.
15.1.3.2 Linkage
The required links for AnalogLimit are defined in the table below.
Link Name Description Path Name

Describes the type of alarm to be raised
when the limit is violated. This
association should be populated for
SCADA AnalogLimits.

AnalogLimitBelongstoLimitA
larmCategory

List_Information/LimitA
larmCategory

Describes the type of AnalogLimit. This
association should be populated for
SCADA AnalogLimits.

AnalogLimitHasNameofAnal
ogLimitName

List_Information/Analo
gLimitNames

15.1.4 Modeling Approach for Ratings AnalogLimitSet

Ratings AnalogLimitSets (AnalogLimitSet.forNetwork = True) define the static ratings of a device
in the model. In the current ERCOT model Rating AnalogLimitSets are modeled for Transfomers
and Lines only. When modeling Rating AnalogLimitSets, modeling flexibility is available to model
different sets of ratings when direction of current flow through the device changes. This flexibility
can be executed by utilizing the positiveFlowlIn attribute on the parent Analog.

The figure below shows the modeling of Rating AnalogLimitSets for a line as modeled in the IMM
hierarchy. In the figure the AnalogLimitSet Pos_Rating_ALS contains operational ratings of the
line when current is flowing into the ERCOT grid whereas the AanlogLimitSet Neg_Rating_ALS
contains operational ratings of the line when current is flowing out of the ERCOT grid. Note that
every rating Analog (Analog.forNetwork = True) can contain only one rating AnalogLimitSet
definition and no SCADA or ICCP AnalogValue children.
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Figure 31 - IMM hierarchical view of static ratings of a device in the ERCOT model.

15.1.4.1 Attributes

The attributes for AnalogLimitSet are shown in the table below.

Attribute Description Data Type Default ngple
ata
In the case of SCADA limits
ForNetwork this boolean should be set to Boolean False False
False.
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IsPercentageLimits

Tells if the limit values are in
percentage of normalValue
or the specified Unit for
Measurements and Controls.

Boolean

False

False

ZonalAttribute

Temp Attribute to support
dual SCADA feeds.

Boolean

False

False

Alias Name

Free text name of the object
or instance.

String

None

XYz

Description

Description of the object or
instance.

String

None

XYz

Local Name

The localName is a human
readable name of the object.
It is only used with objects
organized in a naming
hierarchy. The simplest
naming hierarchy has just
one parent (the root) giving a
flat naming hierarchy.
However, the naming
hierarchy usually has several
levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name
instead.

String

None

XYz

Model Resource ID

A Model Authority issues
mRIDs. Given that each
Model Authority has a unique
id and this id is part of the
mRID, then the mRID is
globally unique.

String

None

123

Path Name

The pathname is a system
unigue name composed from
all IdentifiedObject.names in
a standard naming hierarchy

path from the object to the

root.

String

None

XYz

Type

This value should be set to
Limits when ForNetwork is
False.

Enumerator

None

rating
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The required links for AnalogLimitSet are defined in the table below.

Link Name Description Path Name
An IdentifiedObject belongs to a Modeling
Belongs To Authority Set for purposes of defining a

(ModelingAuthoritySet)

group of data maintained by the same

Modeling Authority.

Has A (Season)

Defines season associated to the rating.

15.1.5 Modeling Approach for Ratings AnalogLimit

The ERCOT data dictionary utilizes the AnalogLimits to specify the limit values for the Analog
measurement. AnalogLimits are modeled under the AnalogLimitSet. The attribute limittype is
utilized to classify the type of the AnalogLimit being modeled. The commonly utilized types are
fifteen minute rating, two hour rating, normal rating and conductor rating. In the ERCOT CIM
model every AnalogLimitSet can have a maximum of four distinctly typed AnalogLimits as its
children. In the figure, four AnalogLimits, namely 15MN, CONDUCTOR, EMGY and NRML are
modeled as under of the AnalogLimitSet, ALS.

15.1.5.1 Attributes

The attributes for AnalogLimit are shown in the table below.

Attribute

Description

Data Type

Default

Sample
Data

Value

The value to supervise against.
Should be Null for SCADA
AnalogLimit.

Double Float

None

Null

Deadband

Amount, expressed as a
percentage of the range
between upper and lower
threshold, used in the limit
comparison to eliminate
extraneous alarms generated
when an Analog value oscillates
around a limit. When either
threshold is null, the percentage
is that of the non-null limit.

Double Float

None

LimitType

Type of limit.

Enumeration

None

Normal
Rating

LowerThreshhold

The value below which the Analog
is considered in violation of the
limit. When the Upper Threshold is

Float

None

-24

©2009 Electric Reliability Council of Texas, Inc.

106




ERCOT Limited

NMMS: Modeling Guidelines

null, only the Lower Threshold is
checked for violation.

UpperThreshhold

The value above which the Analog
is considered in violation of the
limit. When the low limit is null,
only the high limit is checked for

violation. This value must be
greater than the Lower Threshold.

Float

None

24

ForbiddenRegion

T = The Analog is in violation if it
is smaller than the Upper
Threshold and larger than the
Lower Threshold.

Boolean

False

False

IgnoreLimitChecking

T = The limit should be ignored
when checking the Analog for limit
violations.

Boolean

False

False

UsePercentage

T = The value displayed in the
deadband field (below) is the
percentage deadband. Otherwise,
the value displayed is the numeric
deadband.

Boolean

False

False

Zonal Attribute

Temp Attribute to support dual
SCADA feeds.

Boolean

False

False

Local Name

The localName is a human
readable name of the object. Itis
only used with objects organized

in a naming hierarchy. The

simplest naming hierarchy has just
one parent (the root) giving a flat
naming hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are unique among
them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

String

None

XYz

Model Resource ID

A Model Authority issues mRIDs.
Given that each Model Authority
has a unique id and this id is part
of the mRID, then the mRID is
globally unique.

String

None

123

Path Name

The pathname is a system unique
name composed from all
IdentifiedObject.names in a

String

None

XYZ
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standard naming hierarchy path
from the object to the root.

Free text name of the object or

Alias Name . String None XYZ
instance.
15.1.5.2 Linkage
The required links for AnalogLimit are defined in the table below.
Link Name Description Path Name

Describes the type of alarm to be raised
when the limit is violated. This
association should be not populated for
ratings AnalogLimits.

AnalogLimitBelongstoLimitA
larmCategory

List_Information/LimitA
larmCategory

Describes the type of AnalogLimit. This
association should not be populated for
ratings AnalogLimits.

AnalogLimitHasNameofAnal
ogLimitName

List_Information/Analo
gLimitNames
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16 MODELING TRANSFORMERS

16.1 MODELING APPROACH

A Transformer is defined as an energy transformation device that transforms alternating current
or voltage at one level to alternating current or voltage at another level depending on the
application of the device. The two most common usages of Power Transformers are as a voltage
Step-Up Transformer from generation level to transmission level and as a Step-Down
Transformer from transmission level to load end users.

Transformers are modeled under a Substation in the ERCOT Model. The three types of
transformers currently modeled are Two-winding, Three-winding and phase shifting transformers.
Three-winding transformers are modeled as three two-winding transformers with a common tie at
1Kv and are associated to a TransformerKluge. A Power Transformer is required to have a
PowerTransformer class, 2 TransformerWinding being the Primary and Secondary, Terminal for
each end and a unique TapChanger for a TransformerWinding specifying if it is a Load Tap
Changer or a Fixed Tap.

The following subsections shows the hierarchical association on modeling PowerTransformer,
TransformerWinding, TapChanger and TransformerKluge.

16.2 MODELING APPROACH FOR POWERTRANSFORMER

PowerTransformer is modeled under Substation as a child instance. Transformer Type should be
defined in this class depending on its operational use. The transformer types are
voltageControl(regulates voltage), phaseControl(phase shifters), voltageAndPhaseControl and

fix.

Figure below shows the parent/child hierarchy of a PowerTransformer in IMM.
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Figure 32 - Hierarchy for PowerTransformer

16.2.1 Attributes

The attributes for a PowerTransformer are shown in the table below.

Sam
Attribute Description Data Type Default ple
Value
Data
15 minute . .
rating Max States the 15 minute rating Max DoubleFloat 99999

Shadow Price Shadow price for a Transformer.

Free text name of the object or

Alias Name . String None
instance
The Boolean flags to indicate which
DAM process(s) monitor the branch devices
Monitored and by which process the devices is Boolean FALSE

secured.
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DAM Secured and by which process the devices is Boolean TRUE
secured.
nfa”leéﬂiﬁm States the Emergency Max Shadow | 1y hierioat | 99999
X price for a Transformer
Price
Latitude Latiitude coordinates. DoubleFloat None
The local Name is a human readable
name of the object. It is only used with
objects organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent (the root)
giving a flat naming hierarchy.
However, the naming hierarchy usually
Local Name has several levels, e.g. Substation, String None
Voltage Level, Equipment etc. Children
of the same parent have names that
are unigue among them. If the
unigueness requirement cannot be met
IdentifiedObject.localName shall not be
used, use IdentifiedObject.name
instead.
Longitude Longitude coordinates. String None
Magnetizing Core magnetizing saturation curve
Saturation PerCent None
knee flux level.
Flux
Magnetizing The reference voltage at which the
Saturation magnetizing saturation measurements Voltage None
Voltage were made.
Magnetizing Core shunt magnetizing
Susceptance susceptance in the saturation PerCent None
Saturation region, in per cent.
Max S'hadow States the Max Shadow price for a DoubleEloat 99999
Price Power Transformer.
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A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique

Resource ID id and this id is part of the mRID, then String None
the mRID is globally unique.
An Outage Scheduler priority is
OUS Priority included in all ConductingEquipment Integer None

classes except BusbarSection and
TransformerWinding.

Attribute will give IMM modelers
control over the PSS®E ID that the
PSS®E ID Topology Processor uses to Integer None
properly name units, loads,
branches, and transformers.

The pathname is a system unique
name composed from all
Path Name IdentifiedObject.names in a standard String None
naming hierarchy path from the object
to the root.

Describes the phases carried by a
power transformer. Possible values {

Phases ABCN , ABC, ABN. ACN, BCN. AB, PhaseCode None

AC, BC, AN, BN, CN, A, B,C, N}

he Boolean flags to indicate which

RUC process(s) monitor the branch devices
Monitored and by which process the devices is Boolean FALSE
secured.

The Boolean flags to indicate which

RUC Secured process(s) monitor the branch devices Boolean TRUE

and by which process the devices is
secured.
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Transformer . EnumTrgnsfor
Cooling Type Type of transformer cooling. merCozllngTyp FALSE
volta
geCo
ntrol,
Transformer EnumTransfor
Type Transformer Type. merType None | phas
eCon
trol,
fix
Transmission Transmission Element ID. Integer None
Element ID
Voltage SENSITIVITY OF VOLTAGE TO THE PerCent None
Sensitivity TRANSFORMER tap ratio.

16.2.2 Linkage

The required links for a PowerTransformer are defined in table below.

Link Name Description Path Name

The Operatorship link is used for permission rights.
Operated By The Operator of equipment has the right to edit the
(Operatorship) | equipment. An operator can only be assigned by
the creator or owner of the equipment.

Network/Companies

The Ownership link is used for permission rights.
Own Percent The owner of equipment has editing and
(Ownership) administrative rights. An owner can only be
assigned by the creator of the equipment.

Network/Companies

16.3 MODELING APPROACH FOR TRANSFORMERWINDING

TransformerWinding is modeled under PowerTransformer as a child instance. This is where the
Impedance, Transformer Winding Ratings, Connection Type (Wye or Delta) and Winding Type
(Primary and Secondary) are defined.
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Figure below shows the parent/child hierarchy of a TransformerWinding in IMM.
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Figure 33 - Hierarchy for TransformerWinding

16.3.1 Attributes

The attributes for a TransformerWinding are shown in the table below.

. _— Default | Sample
Attribute Description Data Type VEE Data
Alias Name Free text name of the object or String None
instance
Connection The type of connection of the EnumWinding 1
Type winding (e.g. Delta, Wye, zigzag). Connection
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The Boolean flags to indicate which

DAM process(s) monitor the branch devices
Monitored and by which process the devices is Soolean FALSE
secured.

The Boolean flags to indicate which

process(s) monltor the branch Qewc_es Boolean TRUE

and by which process the devices is
secured.

DAM Secured

Emergency The MVA that the winding can carry | ApparentPowe 99999

Rating under emergency conditions. r
Grounded Set if the winding is grounded. Boolean TRUE
Insulation kV Basic insulation level voltage rating. Voltage None
Latitude Latiitude coordinates. DoubleFloat None

The local Name is a human readable
name of the object. It is only used with
objects organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent (the root)
giving a flat naming hierarchy.
However, the naming hierarchy usually
Local Name has several levels, e.g. Substation, String None
Voltage Level, Equipment etc. Children
of the same parent have names that
are unique among them. If the
unigueness requirement cannot be met
IdentifiedObject.localName shall not be
used, use IdentifiedObject.name
instead.
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String

None

Model
Resource ID

A Model Authority issues mRIDs. Given
that each Model Authority has a unique
id and this id is part of the mRID, then
the mRID is globally unique.

String

None

Normal
Rating

The normal rating, in MVA, for the
winding.

ApparentPowe
r

99999

OUS Priority

An Outage Scheduler priority is
included in all ConductingEquipment
classes except BusbarSection and
TransformerWinding.

Integer

None

PSS®E ID

Attribute will give IMM modelers
control over the PSS®E ID that the
Topology Processor uses to
properly name units, loads,
branches, and transformers.

Integer

None

Path Name

The pathname is a system unique
name composed from all
IdentifiedObject.names in a standard
naming hierarchy path from the object
to the root.

String

None

Phases

Describes the phases carried by a
power transformer. Possible values {
ABCN , ABC, ABN, ACN, BCN, AB,

AC, BC, AN, BN, CN, A, B,C,N}.

PhaseCode

None

RUC
Monitored

he Boolean flags to indicate which
process(s) monitor the branch devices
and by which process the devices is
secured.

Boolean

FALSE
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RUC Secured and by which process the devices is Boolean TRUE
secured.
The rated voltage (phase-to-ground)
Rated KV of the winding, usually the same as Voltage None
the neutral voltage.
Remove The equipment is removed from the Boolean EALSE
network.
Remove The equipment can be removed from Boolean FALSE
Enable the network.
Short Term MVA that the winding can carry for a | ApparentPowe
. ; X 99999
Rating short period of time. r
Transmission Transmission Element ID. Integer None
Element ID
Winding The type of winding, i.e., Primary, EnumWinding None
Type Secondary, Tertiary, Quaternary. Type
b Magnetizing branch susceptance (B Susceptance None
mag).
bmag Sat Shunt magnetizing susceptance in Susceptance None
saturation region.
g Magnetizing branch conductance (G Conductance None

mag).
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gmag Sat Shunt magnetizing conductance in Conductance None
saturation region.
knee Sat Magnetization curve saturation knee Float None
flux level (pu volts/pu hz)
Positive sequence series resistance .
r S Resistance None
of the winding.
0 Zero sequence series resistance of Resistance None
the winding.
rground Ground resistance path through Resistance 0
connected grounding transformer.
Positive sequence series reactance
X S Reactance None
of the winding.
Ground reactance path through
X ground . Reactance None
connected grounding transformer.
%0 Zero sequence series reactance of Reactance None
the winding.

16.3.2 Linkage

The required links for a TransformerWinding are defined in table below.

Link Name Description Path Name

The Operatorship link is used for permission
rights. The Operator of equipment has the
right to edit the equipment. An operator can | Network/Companies
only be assigned by the creator or owner of
the equipment.

Operated By
(Operatorship)
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The Ownership link is used for permission

Own Percent rights. The owner of equipment has editing

(Ownership) and administrative rights. An owner can Network/Companies
P only be assigned by the creator of the
equipment.

16.4 MODELING TAPCHANGER

TapChanger is modeled under TransformerWinding as a child instance. Tap Changers can be a
Load Tap Changer or a Fixed tap(LTC Control Mode is set to “off”). If the Transformer is a Phase
Shifting Transformer, a PhaseShifterimpedanceCurve should be associated with the
TapChanger. All the properties of a TapChanger such as Step Size, Step Voltage Increment,
Step Phase Increment, etc. are defined in this class.

Figure below shows the parent/child hierarchy of a TapChanger in IMM.
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© P Network/ERCOT Texas Network/ERCOT
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e e e ——
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[+
[
#
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#
[
=

.8 EPS Meter RDF ID _{8B4933D3-D75A-45C7-9D44-87C75CA243B
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DC_N
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. 2040 «—— TapChanger

= 4 _FLATTH@![#{OCFCB9YES-3EOF-419¢

Figure 34 - Hierarchy for TapChanger

16.4.1 Attributes

The attributes for a TapChanger are shown in the table below.

©2009 Electric Reliability Council of Texas, Inc. 120



ERCOT Limited

NMMS: Modeling Guidelines

. - Default =t
Attribute Description Data Type ple
Value
Data
AVR Enabled T =Automatic Voltage Regulation is Boolean EALSE
enabled
AWR _ . .
T = automatic MW control is enabled Boolean FALSE
Enabled
Alias Name Free text name of the object or String None
instance
Coupled To T = indicates that the phase ghn‘.ter is Boolean EALSE
Transformer coupled to a transformer winding
Flow The sensitivity of the regulated MW
L flow to angle changes, in MW per Float None
Sensitivity d
egree
. Highest possible tap step position,
High Step advance from neutral TapStep 0
For an LTC, the delay for initial tap
Initial Delay changer operation (first step Seconds 10
change).
LTC Control For an LTC, the tap changer control Enel:g;rr:?rr(])sllsl)(; None volt
Mode mode, e.g.: Off, Local, Volt, MVAr de
Latitude Latitude coordinates. DoubleFloat None
Load-Based _ L
Regulation T = Load-Based Voltage Regulation is Boolean FALSE
enabled
Enabled
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shows the
parent/child
hierarchy of a
Power
transformer in
IMM.

The local Name is a human readable
name of the object. It is only used with
objects organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent (the root)
giving a flat naming hierarchy.
However, the naming hierarchy usually
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the mRID is globally unique.

has several levels, e.g. Substation, String None
Figure below Voltage Level, Equipment etc. Children
hows the of the same parent have names that
S Ichild are unigue among them. If the
E?erg:iﬁ Iof a uniqueness requirement cannot be met
Transfor)r/nerW IdentifiedObject.localName shall not be
L used, use IdentifiedObject.name
inding in IMM. instead
Local Name ’
Longitude Longitude coordinates. String None
Low Step Lowest possible tap step position, TapStep 0
retard from neutral
The maximum voltage regulation for
TapChangers. Note that this is a
Maximum kV fixed parameter which is not a Voltage None
function of time (i.e., not a
regulation schedule).
The minimum voltage regulation for
TapChangers. Note that this is a
Minimum kV fixed parameter which is not a Voltage None
function of time (i.e., not a
regulation schedule).
A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique String None
Resource ID id and this id is part of the mRID, then
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The CIM currently has no way of
defining the angle associated with
the neutral position of a TapChanger
belonging to a phase shifter. Thus a
neutralAngle attribute (measured in
degrees) has been added to the
TapChanger class. This attribute
Neutral Angle only appears in XML when the AngleDegrees None
parent PowerTransformer is a phase
shifter, i.e., when
PowerTransformer.transformerType
="phaseControl" or
"voltageAndPhaseControl".
Neutral KV Voltage at which the wmdmg Voltage None
operates at the neutral tap setting.
Neutral Step The neutral tap §tep position for this TapStep 0
winding.
The tap step position used in
'normal’ network operation for this
Normal Step winding. For a 'Fixed' tap changer TapStep 0
indicates the current physical tap
setting.
PAR PAR maximum MW value (MW) ActivePower None
Maximum MW '
PAR I\I\;llwmum PAR minimum MW value (MW). ActivePower None
.PAR . PAR optimization flag. Boolean FALSE
Optimization
PAR Ramp PAR optimiation ramp rate (MW per ActivePower None
Rate minute).
The pathname is a system unique
name composed from all
Path Name IdentifiedObject.names in a standard String None
naming hierarchy path from the object
to the root.
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Step Phase positive phase shift from the winding
Shift where the tap is located to the other AngleDegrees None
Increment winding (for a two-winding

Phase shift, in degrees, per step
position. A positive value indicates a

transformer), or to the &quot;T&quot;
point (for a three-winding transformer).

Step Voltage Tap step increment, in per cent of
Increment nominal voltage, per step position.

PerCent None

Subsequent
Delay

For an LTC, the delay for
subsequent tap changer operation Seconds 5
(second and later step changes).

Transmission
Element ID

Transmission Element ID. Integer None

16.4.2 Linkage

The required links for a TapChanger are entered in BOLD in table below. The path name shows
where the links can be found in the model. Definitions for all of the links can be found by clicking
on the help button at the bottom of the links screen.

The required Links for a TapChanger varies depending on the operational use of the
Transformer. Important points to consider are as follows:

If the Transformer is a Phase Shifting Transformer, a Phase Shifter Impedance Curve
should be associated through the “Has A (PhaseShifterimpedanceCurve)” linkage.

If the Transformer is equipped with a Tap Ratio Curve, a Tap Ratio Curve should be
associated through the “Has A (TapRatioCurve)” linkage.

If the Transformer’s are operated in a Parallel configuration. A Master and a Follower
should be identified amongst the Transformer’s in Parallel. Hence if the Transformer is a
Follower, the “Has A Master (TapChanger)” should be associated indicating the Master
Transformer.

“Regulated By (LoadBasedRegulationCurve)” may be filled if the TapChanger is the LTC
side.

“Regulates (Measurement)” maybe filled if the TapChanger is the LTC side depending if
Voltage or MW Flow Regulation is desired.

“Regulates (Terminal)” should be filled if the TapChanger is the LTC side with the
linkage shown in the table below.
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Link Name Description Path Name
Has A _
(PhaseShifterimp Curves/Phase Shifter
Impedance Curves
edanceCurve)
Has A _
(TapRatioCurve) Curves/Tap Ratio Curve

Has A Master
(TapChanger)

Network/ERCOT Texas
Network/ERCOT
Substations/Sub Geographical
Region/Substation/PowerTransf
ormer/TransformerWinding/Tap
Changer

Regulated By
(LoadBasedRegu

Schedules/Regulation

lationCurve) Schedule
An LTC may regulate a specific
measurement from the network,
typically voltage. A phase shifter would
Regulates typically be used to regulate a real
(Measurement) power (MW) flow measurement. An
LTC with significant phase shift
characteristics could be used to
regulate MW flow instead of voltage.
Network/ERCOT Texas
Network/ERCOT
Regulates Substations/Sub Geographical
(Terminal) Region/Substation/PowerTransf
ormer/TransformerWinding/Ter
minal
RegulationSched An LTC may have a regulation Schedules/Regulation
ule schedule. Schedules/Schedule

Operated By
(Operatorship)

The Operatorship link is used for
permission rights. The Operator of
equipment has the right to edit the

equipment. An operator can only be
assigned by the creator or owner of the
equipment.

Network/Companies

Own Percent
(Ownership)

The Ownership link is used for
permission rights. The owner of
equipment has editing and
administrative rights. An owner can
only be assigned by the creator of the
equipment.

Network/Companies
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16.5 MODELING APPROACH FOR TRANSFORMERKLUGE

This class is used for Three Winding Transformers. In ERCOT CIM Model, Three winding
transformers are modeled as a three 2-winding transformers with a common tie at 1KV.
TransformerKluge is modeled under sysOrphan as a child instance. The 2-winding transformers
that comprises the Three Winding Transformer are linked together in this class through the “Has
A (PowerTransformer)” links tab.

Figure below shows the parent/child hierarchy of a TransformerKluge in IMM.
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Name

Type

Value

TransformerKluge

RDF ID

_{1D28EC27-73CD-4A80-813D-12E

1369E}

Description

Figure 35 - Hierarchy for TransformerKluge

16.5.1 Attributes

The attributes for a TransformerKluge are shown in the table below.

. e Data Default Sample
Attribute Description Type Vil A
. Free text name of the object or .
Alias Name instance String None
Description Description of the object or instance. Boolean FALSE
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A Model Authority issues mRIDs.

Model Given that each Model Authority
Resource ID has a unique id and this id is part String None

of the mRID, then the mRID is
globally unique.

Attribute will be used to store the

PSS/E 3 three winding transformer ID and
U Mark which transformers are to be String2 None

Winding ID -
grouped as three winding
Transformers.
PSS/E 3 Attribute will be used to store the String12 None
Winding Name three winding transformer name. 9
The pathname is a system unique
name composed from all
Path Name IdentifiedObject.names in a standard String None
naming hierarchy path from the object
to the root.
16.5.2 Linkage
The required links for a TransformerKluge are defined in table below
Link Name Description Path Name
Network/ERCOT Texas
Indicates the Power Network/ERCOT Substations/Sub
Has A - :
(PowerTransformer) Transforrr_]er_s associated to a _ Geographlcal
Three Winding Transformer Region/Substation/PowerTransform

er
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17 MODELING LOAD

17.1 MODELING APPROACH

In the ERCOT CIM model, Loads are any classes that inherit from the class: EnergyConsumer.
EnergyConsumer is an abstract class and should not be used for real loads.

CustomerLoad inherits from ConformLoad and is used in the ERCOT model. StationSupply also
inherits from EnergyConsumer and is used in the ERCOT model. Loads of type StationSupply
and CustomerLoad should be modeled under a VoltageLevel in a Substation.

17.2 MODELING APPROACH FOR CUSTOMERLOAD

Conforming loads can be modeled as an instance of the CustomerLoad class. The instance
needs to be contained in an equipmentContainer of the class VoltagelLevel. The VoltagelLevel
needs to be contained in a Substation.

The CustomerLoad class is used to model the location in which power is being removed from the
transmission grid. Each CustomerLoad class represents a single transformer in the field. The
amount of power consumed by the CustomerLoad is dictated by an associated hourly schedule.

Each CustomerLoad instance should be associated with one instance of
SettlementNOIELoadZone, or one instance of DCTie, or its parent Substation should be
associated with one instance of SettlementLoadZone.

If a Load is assigned to a NOIE load zone, then its electrical bus can ONLY have loads that are
assigned to the same NOIE load zone, i.e. cannot have other loads at the same electrical bus
assigned to different load zone

In other words, all loads that connect to the same EB must belong to the same load zone. All
those loads must either be associated to the same NOIE load zone, or none of them has this
association.

CustomerLoad and Load instances cannot have association to PrivateAreaNetwork of type
ERCOTPANTYPE.PrivateUseNetwork or SelfServe or BLT_Normally _out.
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Single Editor - Edit Instance

Network/ERCOT Texas Network/ERCOT SubstationsWZ_COAST

.other Orphans PowerCC
Contingencies_and_RASs
List_Information
75 Model_Version_Information [Gereral | attributes | Links |
- Nebwork
= Base Voltage Atributes
Name

BranchGroup
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ERCOT Texas Network
= ¥p ERCOT Substations

- 5 Wp WZ_COAST
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Contacls RODF ID
Description

CRCR R RO RCRCR:
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™ Non-bl

17.2.1 Attributes

The attributes for a CustomerLoad are shown in the table below.

Attribute

Description

Data Type

Default Sample Data

Alias Name

Free text name of the object or
instance.

String

Conforming
Load Flag

Flag is set to YES if the load is
conforming, i.e., tracks the
area load to which the energy
consumer belongs.

Boolean

True

Customer
Count

Number of individual
customers represented by this
Demand.

Counter

123

DAM
Monitored

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which

process the devices is secured.

Boolean

False

DAM Secured

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which

Boolean

True
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process the devices is secured.
Description Description of the object or String
instance.
Fixed Reactive component of the ReactivePower
Reactive load that is a fixed quantity,
Power MVAr.
Fixed Reactive | Fixed MVAr as per cent of load | Percent
Power Percent | area fixed MVAr.
Fixed Real Real component of the load ActivePower
Power that is a fixed quantity, MW.
Fixed Real Fixed MW as per cent of load | Percent 45.1856
Power area fixed MW.
Percent
height height Integer
label height label height Integer
label width label width Integer
label x co- label x co-ordinate Integer
ordinate
label y co- label y co-ordinate Integer
ordinate
Latitude Latiitude coordinates. Float
Local Name The localName is a human String
readable name of the object. It
is only used with objects
organized in a naming
hierarchy. The simplest haming
hierarchy has just one parent
(the root) giving a flat naming
hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name instead.
Longitude Longitude coordinates. Float
Maximum Maximum Reactive POWER Float 80
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MVAR LOAD.
Maximum MW | Maximum REAL POWER Float 80
LOAD.
Minimum MINIMUM Reative POWER Float -80
MVAR LOAD.
Minimum MW MINIMUM REAL POWER Float 0
LOAD.
Model A Model Authority issues String 470542
Resource ID mRIDs. Given that each Model
Authority has a unique id and
this id is part of the mRID, then
the mRID is globally unigue.
Nominal Nominal value for reactive ReativePower 5
Reactive power, MVAr,
Power
Nominal Nominal MVAr as per cent of | Percent
Reactive load group nominal MVAr.
Power
Percent
Nominal Real Nominal value for real power, ActivePower 95
Power MW. Nominal real power is
adjusted according to the load
profile selected for the
consumer. It equates to one
per unit in the load profile.
Nominal Real Nominal MW as per cent of Percent
Power load group nominal MW.
Percent
OUS Priority An Outage Scheduler priority is | Integer
included in all
ConductingEquipment classes
except BusbarSection and
TransformerWinding.
Path Name The pathname is a system String
unique name composed from
all IdentifiedObject.names in a
standard naming hierarchy
path from the object to the root.
Phases Describes the phases carried PhaseCode

by a conducting equipment.
Possible values { ABCN , ABC,
ABN, ACN, BCN, AB, AC, BC,
AN, BN, CN, A, B,C,N}.
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Power Factor | Power factor for nominal PowerFactor 0.999991
portion of load. Defined as
MW/MVA.

PSS®E ID Attribute will give IMM String 1
modelers control over the
PSS®E ID that the Topology
Processor uses to properly
name units, loads, branches,
and transformers.

Reactive Exponent of per unit frequency | Exponent

Power effecting reactive power

Frequency

Exponent

Reactive Exponent of per unit voltage Exponent

Power Voltage | effecting reactive power.

Exponent

Real Power Exponent of per unit frequency | Exponent

Frequency effecting real power.

Exponent

Real Power Exponent of per unit voltage Exponent

Voltage effecting real power.

Exponent

Remove The equipment is removed Boolean False
from the network.

Remove The equipment can be Boolean False

Enable removed from the network.

RUC Monitored | The Boolean flags to indicate Boolean False
which process(s) monitor the
branch devices and by which
process the devices is secured.

RUC Secured The Boolean flags to indicate Boolean True
which process(s) monitor the
branch devices and by which
process the devices is secured.

Transmission Transmission Element ID. Integer

Element ID

width width Integer

X co-ordinate X co-ordinate Integer

y co-ordinate y co-ordinate Integer
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The required links for a CustomerLoad are shown in the table below.

Link Name

Description

Path

Assigned To (ConformLoadGroup)

Consumers may be
assigned to a load
area.

Schedules/Load Area
Schedules/ERCOT/SublLoadArea

Operated By (Operatorship)

The Operatorship link
is used for permission
rights. The Operator
of equipment has the
right to edit the
equipment. An
operator can only be
assigned by the
creator or owner of the
equipment.

Network/Companies

Own Percent (Ownership)

The Ownership link is
used for permission
rights. The owner of
equipment has editing
and administrative
rights. An owner can
only be assigned by
the creator of the
equipment.

Network/Companies

17.3 MODELING APPROACH FOR STATIONSUPPLY

Loads that are not customer load can be modeled as an instance of the StationSupply class. A
StationSupply load may be either conforming or non-conforming. The instance needs to be
contained in an equipmentContainer of the class VoltageLevel. The VoltageLevel needs to be

contained in a Substation.

The StationSupply class is used to model the power necessary to support the generation of
power (i.e. feed water pumps, condenser pumps, etc.). The amount of power consumed by the
station supply will be dependent on the output of an associated generator.

©2009 Electric Reliability Council of Texas, Inc.

133




ERCOT Limited

NMMS: Modeling Guidelines

@ LE LNDAL

@ LE LNGLK
- IE LNOK_RC
- 4E LONE_OAK
- 4E LPRSH

- m-XE LUFKN
- LE MABNK

@ LE MAREA

@ LE MCHSN
- 4E MILLICAN
-4 MLKF2
w4 MLSES
- 4E MNFTP
- LE MNMIN

=
{ Spectrum
= PowerCC

Single Editor - Edit Instance

Network/ERCOT Texas Network/ERCOT SubstationsWZ_EAST/MNSE

General | Atiributes | Links |

Attributes | Value
Name
Type

StationSupply

ROF ID

_1099802415585707726

Description

=-LE MNSES

WY MOSES_1G
| @AY MOSES_26
- fils UNITY
) dils UNIT2
wJy 22
w0y 345
T FMR1
- =W FMR2
| w5 FMR3
= MR1H
[;g :2:# ™ Mon-blank «
| 1% SPS_MNSES =l
17.3.1 Attributes
The required attributes for a StationSupply are shown in the table below.
Attribute Description Data Type Default Sample Data
Alias Name Free text name of the object or | String
instance.
Conforming Flag is set to YES if the load is | Boolean True
Load Flag conforming, i.e., tracks the
area load to which the energy
consumer belongs.
Customer Number of individual Counter 123
Count customers represented by this
Demand.
DAM The Boolean flags to indicate Boolean False
Monitored which process(s) monitor the
branch devices and by which
process the devices is secured.
DAM Secured | The Boolean flags to indicate Boolean True
©2009 Electric Reliability Council of Texas, Inc. 134




ERCOT Limited

NMMS: Modeling Guidelines

which process(s) monitor the
branch devices and by which
process the devices is secured.

Description Description of the object or String
instance.

Fixed Reactive component of the ReactivePower

Reactive load that is a fixed quantity,

Power MVAr.

Fixed Fixed MVAr as per cent of load | Percent

Reactive area fixed MVAr.

Power

Percent

Fixed Real Real component of the load ActivePower

Power that is a fixed quantity, MW.

Fixed Real Fixed MW as per cent of load | Percent 45.1856

Power area fixed MW.

Percent

height height Integer

label height label height Integer

label width label width Integer

label x co- label x co-ordinate Integer

ordinate

label y co- label y co-ordinate Integer

ordinate

Latitude Latiitude coordinates. Float

Local Name The localName is a human String

readable name of the object. It
is only used with objects
organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent
(the root) giving a flat naming
hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name instead.
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Longitude Longitude coordinates. Float
Maximum Maximum Reactive POWER Float 80
MVAR LOAD.
Maximum Maximum REAL POWER Float 80
MW LOAD.
Minimum MINIMUM Reative POWER Float -80
MVAR LOAD.
Minimum MW | MINIMUM REAL POWER Float 0
LOAD.
Model A Model Authority issues String 470542
Resource ID mRIDs. Given that each Model
Authority has a unique id and
this id is part of the mRID, then
the mRID is globally unique.
Nominal Nominal value for reactive ReativePower 5
Reactive power, MVAr.
Power
Nominal Nominal MVAr as per cent of | Percent
Reactive load group nominal MVAr.
Power
Percent
Nominal Real | Nominal value for real power, ActivePower 95
Power MW. Nominal real power is
adjusted according to the load
profile selected for the
consumer. It equates to one
per unit in the load profile.
Nominal Real | Nominal MW as per cent of Percent
Power load group nominal MW.
Percent
OUS Periority An Outage Scheduler priority is | Integer
included in all
ConductingEquipment classes
except BusbarSection and
TransformerWinding.
Path Name The pathname is a system String
unigue name composed from
all IdentifiedObject.names in a
standard naming hierarchy
path from the object to the root.
Phases Describes the phases carried PhaseCode

by a conducting equipment.
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Possible values { ABCN , ABC,
ABN, ACN, BCN, AB, AC, BC,
AN, BN, CN, A, B,C,N}.

Power Factor | Power factor for nominal PowerFactor 0.999991
portion of load. Defined as
MW/MVA.
PSS®E ID Attribute will give IMM String 1
modelers control over the
PSS®E ID that the Topology
Processor uses to properly
name units, loads, branches,
and transformers.
Reactive Exponent of per unit frequency | Exponent
Power effecting reactive power
Frequency
Exponent
Reactive Exponent of per unit voltage Exponent
Power effecting reactive power.
Voltage
Exponent
Real Power Exponent of per unit frequency | Exponent
Frequency effecting real power.
Exponent
Real Power Exponent of per unit voltage Exponent
Voltage effecting real power.
Exponent
Remove The equipment is removed Boolean False
from the network.
Remove The equipment can be Boolean False
Enable removed from the network.
RUC The Boolean flags to indicate Boolean False
Monitored which process(s) monitor the
branch devices and by which
process the devices is secured.
RUC Secured | The Boolean flags to indicate Boolean True
which process(s) monitor the
branch devices and by which
process the devices is secured.
Step Schedule is step function. Boolean False
Transmission | Transmission Element ID. Integer
Element ID
width width Integer
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X co-ordinate X co-ordinate

Integer

y co-ordinate | y co-ordinate

Integer

17.3.2 Linkage

The required associations for a StationsSupply are shown in the table below.

Link Name

Description

Path

Operated By
(Operatorship)

The Operatorship link is
used for permission
rights. The Operator of
equipment has the right to
edit the equipment. An
operator can only be
assigned by the creator or
owner of the equipment.

Network/Companies

Own Percent
(Ownership)

The Ownership link is
used for permission
rights. The owner of
equipment has editing
and administrative rights.
An owner can only be
assigned by the creator of
the equipment.

Network/Companies

17.4 MODELING APPROACH FOR CONFORMLOADGROUP

All the ConformingLoads should be assigned to ConformLoadGroup. These are the Loads that
follows a daily and seasonal load variation pattern. ConformLoadGroup should be created under
a LoadArea/SubLoadArea under ‘Schedules/Load Area Schedules’.
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17.4.1 Attributes
The required attributes for a ConformLoadGroup are shown in the table below.
Attribute Description Data Type Default Sample Data
Alias Name Free text name of the object or | String
instance.
Description Description of the object or String
instance.
Forecast Forecast enabled. Boolean False
Enabled
Local Name The localName is a human String
readable name of the object. It
is only used with objects
organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent
(the root) giving a flat naming
hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
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VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the uniqueness
reguirement cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name instead.

Model A Model Authority issues String
Resource ID mRIDs. Given that each Model
Authority has a unique id and
this id is part of the mRID, then
the mRID is globally unique.
Path Name The pathname is a system String

unique name composed from
all IdentifiedObject.names in a
standard naming hierarchy
path from the object to the root.

17.4.2 Linkage

There are no required associations for a ConformLoadGroup.

17.5 MODELING APPROACH FOR CONFORMLOADSCHEDULE

A curve of load versus time (X-axis) showing the active power values (Y1-axis) and reactive
power (Y2-axis) for each unit of the period covered. This curve represents a typical pattern of
load over the time period for a given day type and season.

ConformLoadSchedule should be created under a LoadArea/SubLoadArea/ConformLoadGroup
under ‘Schedules/Load Area Schedules’.

17.5.1 Attributes

Attribute Description Data Type Default
Alias Free text name of the object or instance. String
Name
Description | Description of the object or instance. String
End Time | End Time. Time 01:00:00AM
Local The localName is a human readable name of the String
Name object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy has
just one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy usually has
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several levels, e.g. Substation, VoltageLevel,
Equipment etc. Children of the same parent have
names that are uniqgue among them. If the uniqueness

requirement cannot be met IdentifiedObject.localName

shall not be used, use IdentifiedObject.name instead.

Model A Model Authority issues mRIDs. Given that each String
Resource Model Authority has a unique id and this id is part of
ID the mRID, then the mRID is globally unique.
Path Name | The pathname is a system unique name composed String
from all IdentifiedObject.names in a standard naming
hierarchy path from the object to the root.
Start Time | Start Time. Time 12:00:00AM
Time Step | Time Step Seconds
Value 1 Value 1 Unit. Valid values: MW, MVAr, kV (Source: String MW
Unit 61970-452, Normative String Table).
Value 2 Value 2 Unit. Valid values: MW, MVAr, kV (Source: String MVAR
Unit 61970-452, Normative String Table).
17.5.2 Linkage
There are no required links for ConformLoadSchedule.
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18 MODELING CURVES

This section will cover modeling of Curves which include LoadBseRegulationCurve,
MVArCapabilityCurve, PhaseShifterimpedanceCurve, RampRateCurves,
StationSupplyWRCurve, and TransformerimpedanceCurve.

18.1 MODELING APPROACH

The ERCOT CIM data dictionary defines a Curve as relationship between an independent
variable (X-axis) and one or two dependent variables (Y1-axis and Y2-axis), which can also
serve as schedules. There are six types of curves which are LoadBseRegulationCurve,
MVArCapabilityCurve, PhaseShifterimpedanceCurve, RampRateCurves,
StationSupplyWRCurve, and TransformerlmpedanceCurves. Figure below shows a
RampRateCurve as modeled in IMM, with parent/child associations labeled, the screenshot
should look similar for the other five types of curves with the exception of the Parent instance of
the curve.

The number of CurveData associated with the MVArCapabilityCurves and RampRateCurve
should not exceed 10.

All x_axisdata data points in a MVArCapabilityCurve should be unique. Only one y1_axisdata
point in a MVArCapabilityCurve can be 0. Only one y2_axisdata point in a MVArCapabilityCurve
can be 0.

Number of CurveScheduleData under PhaseShifterimpedanceCurve and
TransformerlmpedanceCurve are the same as Number of TapChanger step within
PowerTransformer where the curve is asscociated to.
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Figure 36 - Modeled RampRateCurves with parent/child associations labeled.

18.2 ATTRIBUTES CURVES

The attributes for a Curve are shown in the Table 1 below. There is an additional four columns
representing each type of GeneratingUnit by which it will specified if an attribute is used within

that type. The labels of these columns are LoadBseRegulationCurve as LBRC,

MVArCapabilityCurve as MVArCC, PhaseShifterimpedanceCurve as PSIC, RampRateCurves as

RRC, StationSupplyWRCurve as SSWRC, and TransformerlmpedanceCurve as TIC.

Attribute Description Data Type | Default | Sa (LB |[MV |[PSI |R|S|T
Value mpl | RC |arC | C R[S |I
e C ciw|C

Dat R

a C
curveStyle | The style or shape EnumCurv | None X X X XXX

of the curve. eStyle

xUnit The X-axis units of String20 None X X X XXX
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measure. Valid
values: MW, MVAr,
kV (Source: 61970-
452, Normative
String Table).

y1lUnit

The Y1-axis units of
measure. Valid
values: MW, MVAr,
kV (Source: 61970-
452, Normative
String Table).

String20

None X

rampRateC
urveld

Ramp Rate Curve
ID.

String5

None

y2Unit

The Y2-axis units of
measure. Valid
values: MW, MVAr,
kV (Source: 61970-
452, Normative String
Table).

String20

None X

coolantTem
perature

The machine's
coolant temperature
in degrees Celsius
(e.g., ambient air or
stator circulating
water).

Temperatur
e

None

hydrogenPre
ssure

The hydrogen coolant
pressure.

Pressure

None

Emergency

Denote the type of
ramp rate.

Boolean

None

In table below, it specifies what are the curveStyle, xUnit, y1Unit, and y2Unit of each type of

curve.
Curve Style and Unit Table
Curve Name Curve Style X Unit Y1 Unit Y2 Unit
LoadBseRegulationCurve straightLineYValues MW KV KV
MVArCapabilityCurve straightLineYValues MW MVAr MVAr
PhaseShifterimpedanceCurve | straightLineYValues Degrees Ratio None
RampRateCurves straightLineYValues MW MW/Min MW/Min
StationSupplyWRCurve straightLineYValues MW MW MVAr
TransformerlmpedanceCurve | straightLineYValues Impedance | Tap None
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The required links for all Curves types are defined in Table below.

Linkage Table for Curves

NMMS: Modeling Guidelines

Link Name Descripti | Path LBRC MVarC | PSI|RR | SS | T
on Name C C C W |1

RC | C

SynchronousMachine X

Configuration X

Member Of X

(EnergyConsumerResource)

Member Of (GeneratingUnit) X

StationSupply X
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19 MODELING CURVEDATA

19.1 MODELING APPROACH

CureveData instances can be created both by ERCOT and Market Participants. Curve Data
contains data point values for defining a curve or schedule. CurveData should be created as a
child of one of allowed instances of Curve namely TransformerlmpedanceCurve,
StationSupplyWRCurve or PhaseShifterimpedanceCurve.
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Figure 37 - CurveData

19.2 ATTRIBUTES

The following table shows all the attributes that are available for a CurveData.
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Attribute Description Data Type Default Value Sample
Data

Alias Name Free text name of the String None
object or instance

Local Name The localName is a String None
human readable name
of the object

Model A Model Authority String None

Resource ID issues mRIDs

Path Name The pathname is a system unique name
composed from all IdentifiedObject.names in
a standard naming hierarchy path from the
object to the root.

X Axis Data The data value of the X-axis variable, Double Float 15
depending on the X-axis units

Y1 Axis Data | The data value of the first Y-axis variable, | Double Float 1
depending on the Y-axis units

Y2 Axis Data | The data value of the second Y-axis Double Float 1
variable (if present), depending on the Y-
axis unit.

19.3 LINKAGE

There are no required links to the CurveData.
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20 MODELING REGULARTIMEPOINT

20.1 MODELING APPROACH

Instances of RegularTimePoint can be created both by Market Participants and ERCOT.
RegularTimePoint represents Time Points for a schedule where the time between the points is
constant.

3. Realtime (RT) Instances -
% @ General | Single Editor - Edit Instance (Viev
@ @ other Data f
w7 other Orphans Speﬁ;rwug;cc Schedules/Load Area
o T oL LToED Schedules’ERCOT/WXZCOAST/ AD_AD |
@ List_Information
@ /e Model_Version_Information General !Mh'lbutasl Links |
- Network
= & Schedules ::::" |Value
)= Day Types _
/= Load Area Schedules Type  |Regular Time Point
T e ROF ID |1f32169e-0a5f-46c6-aae2-601981253832
. [B-#= ERC
| B WXICOAST
54 1_Sun
= 0001
/5 0002
& 0003
= 0004
= 0005
/= D006
e 0007
/= 0008
& 0009
& 0010
& 0011
5 0012
& 0013
= 0014
= 0015

Figure 38 - RegularTimePoint
20.2 ATTRIBUTES

The following table shows all the attributes that are available for a RegularTimePoint.

Attribute Description Data Type Default Value Sample
Data
RT Name Equivalent of String None SUN_O
IdentifiedObject.name.
Sequence Sequence Number. Number None 1
Number
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Value 1 Value 1. Float None 9.99
Value 2 Value 2. Float None 0.1
20.3 LINKAGE

There are no required links to the RegularTimePoint.
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21.1 MODELING APPROACH

Terminal’s can be created by TDSP’s. Terminal is an electrical connection point to a piece of
conducting equipment. Terminals are connected at physical connection points called ‘connectivity
nodes'. A terminal should always be connected to conducting Equipment.

Terminals connected an Equipment can not be connected to the same connectivitynode.

Terminal associated to an equipment should have unique names.

o4 S SR S W [ R A VRN = S

- Realtime (RT) Instances
= General
@ @ .other Data
-7 .other Orphans
@ = Contingencies_and_RASs
- List_Information
7= Model_version_Information
- Network
&= Base Voltage
&= BranchGroup
&= Companies
&= Contacts
m == DCTies
&)= EPS_Meter
@@ ERCOT Settlement Zones
=i ERCOT Texas Network
= ¥p ERCOT Substations
. &M WZ_COAST

24 A

%.-0 CB__AADD50_CB.
_ =0 CB__AADDS0_CHB:
A 138

[+ WY 1384

a3 >
1 T

Figure 39 - Terminal

21.2 ATTRIBUTES

:I ingle Editor - Edit Instance (View

Spegtrum

RCOT Texas Network/ERCOT

Substations/WZ_COAST/_AA/138/_AADDSD_(

General | aributes | Links |

mrm]

Mame C 50 C
Type Terminal
RDF ID =31 59963811981244750

Description

™ Non-blank only Help

The following table shows all the attributes that are available for a Terminal.
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Attribute Description Data Type Default Value Sample
Data
Alias Name Free text name of the String
object or instance.
Description Description of the object | String
or instance.
Edge Val edgeVal is a String
concatenation of all
edge coordinates.
From X offset | From X offset Number
From X perm From X perm Number
From Y offset | From Y offset Number
From Y perm From Y perm Number
Height height Number
label height label height Number
label width label width Number
label x co- label x co-ordinate Number
ordinate
label y co- label y co-ordinate Number
ordinate
Local Name The localName is a String
human readable name
of the object.
Model A Model Authority String
Resource ID issues mRIDs. Given
that each Model
Authority has a unique
id and this id is part of
the mRID, then the
mRID is globally unique.
Near Flag indicating whether | Boolean
the terminal is a near
terminal of a branch.
Path Name The pathname is a String
system unigue name
composed from all
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IdentifiedObject.names
in a standard naming
hierarchy path from the
object to the root.

PSS/E Bus Store the PSS¢ E bus String
Name name that will be

associated with the

grouping of Connectivity

Nodes in Option 2.
PSS/E Bus Attribute will be used to Number
Number store the PSS¢ E bus

number that will be

associated with the

grouping of Connectivity

Nodes in Option 2.
To X offset To X offset Number
To X perm To X perm Number
To Y offset To Y offset Number
To Y perm To Y perm Number
width width Number
X co-ordinate X co-ordinate Number
y co-ordinate | y co-ordinate Number

21.3 LINKAGE

There are no required links to a Terminal.
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22 MODELING CONNECTIVITYNODE

22.1 MODELING APPROACH

Connectivity nodes are points where terminals of conducting equipment are connected together
with zero impedance. A ConnectivityNode is created under a ConnectivityNodeGroup in IMM.
ConnectivityNodeGroup's are created under a VoltageLevel.

Connectivity nodes must be associated to atleast 2 terminals.

The ConnectivityNodes in a ConnectivityNodeGroup must be in the same substation i.e.
ConnectivityNodes in a given ConnectivityNodeGroup cannot span multiple Stations.

@ = General J Single Editor - Edit Instance
o) CERER ( Spectrum i
.other Orphans PowerCC Network/ERCOT Texas Network/ERCOT Substations"WZ_COAST/_AA

Contingencies_and_RASs
List_Information
; Model_Version_Information General Iﬁmihmasl Linksl

‘e Base Voltage Attributes | Value

i@ BranchGroup Hame —
= Companies Type ConnectivityMode
@ Contacts RDF ID _4689994241645793854

-

®

8
L@ o
| @/ DCTies Santinae
=

8

g

= EPS_Meter

= ERCOT Settlement Zones
f& ERCOT Texas Network

& Wp ERCOT Substations

w0 _Aa0050_CB
A 138
WY 1384
=6 42130
X
* 0002
* 138A
X* 8010
) 4y ENDCAP_8010
v Test
s Test
w Jy 69
@3 _AD
AL AE
g_ﬁ AR I Non-blank |
@i A =

Figure 40 - ConnectivityNode
22.2 ATTRIBUTES

The following table shows all the attributes that are available for a ConnectivityNode.

Attribute Description Data Type Default Value Sample
Data

Alias Name Free text name of the String
object or instance.

Description Description of the object or | String
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instance.

height

height

Integer

Local Name

The localName is a human
readable name of the
object. It is only used with
objects organized in a
naming hierarchy. The
simplest naming hierarchy
has just one parent (the
root) giving a flat naming
hierarchy. However, the
naming hierarchy usually
has several levels, e.g.
Substation, VoltagelLevel,
Equipment etc. Children of
the same parent have
names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name
instead.

String

Model
Resource ID

A Model Authority issues
mRIDs. Given that each
Model Authority has a
unique id and this id is part
of the mRID, then the
mRID is globally unique.

String

Path Name

The pathname is a system
unique name composed
from all
IdentifiedObject.names in
a standard naming
hierarchy path from the
object to the root.

String

PSS/E Bus
Name

Store the PSS E bus
name that will be
associated with the most
favored Connectivity Node
in Connectivity Node to
Bus Processing Option 1.

String

PSS/E Bus
Number

The PSS/E bus number
associated with this point
in the network. This
attribute should only be
used to model ficticious
PSS/E busbars that are

Integer
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not associated with
physical busbar sections.

Slack Bus Swing Bus Definition. Integer
Priority

Transmission | Transmission Element ID. | String
Element ID

width width Integer
X co-ordinate X co-ordinate Integer
y co-ordinate | y co-ordinate Integer
22.3 LINKAGE

The required links for a ConnectivityNode are defined below.

Link Name

Description

Path Name

EquipmentContainer ConnectivityNodeMemberOfEquipmentContainer
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23 MODELING ELECTRICALBUS

23.1 MODELING APPROACH

This section describes the approach for modeling an ElectricalBus. ElectricalBuses are modeled
by the Market Participants.

ElectricalBus needs to be always contained in an instance of the class ConnectivityNode, which
in turn is contained in an instance of the class ConnectivityNodeGroup. As per modeling
approach for a HUBBus an electrical bus can become a part of the HUBBus definition by being
contained under a ConnectivityNodeGroup which is associated to a HUBBuSs.

Every ElectricalBus should be within a LoadZone or a NOIELoadZone. All the loads connected to
ElectricalBus should be in the same LoadZone or NOIELoadZone. If an ElectricalBus is
connected to a DCTie Psuedo Load, then it cannot be connected to other loads.

The name of the electrical bus class is somewhat misleading. It should be noted that instances of
this class do not represent actual buswork in the field (see: BusbarSection). Rather, the Electrical
Bus class represents a settlement point.

Definition

An abstract Market construct used to denote connectivity nodes of interest. LMP prices will be
determined at these nodes. Electrical buses are maintained by both TDSPs and ERCOT.

There are specific rules for where electrical buses must be located in the model. An electrical
bus must be associated with a connectivity node when:

e Aload is attached to the node.

e Aunitis attached to the node.

e Three or more switches are attached to the node and the node has a voltage reading.

e Aresource node is associated with the node.

e An EPS meter is associated with the node.
Additionally, hub buses (as defined in the protocols) are required to contain at least one electrical
bus. If none of the above criteria is met for the nodes contained within a hub bus, an electrical
bus must be added to the model and associated to one of the associated nodes.
Electrical buses are created and maintained by both TDSPs and ERCOT. TDSPs will be
responsible for maintaining electrical buses relating to their connectivity nodes (i.e. for loads, >3
switches, and hub buses). ERCOT will maintain, on behalf of the resource entity, the electrical
buses related to resource nodes and EPS meters.
In general, TDPSs will be responsible for electrical buses contained within their substations.
However, since EPS meters and resource nodes can be located in a TDSP’s substation, their will

be certain cases where ERCOT will be responsible for electrical buses contained within a TDSP’s
substation.
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Example #1: A TDSP is creating a NOMCR to reflect the future addition of a load transformer.
In addition to adding the load and associated switches, the TDSP must create an electrical bus
and associate it to the same connectivity node in which the load is attached.

Example #2: An RE informs ERCOT of a future EPS meter configuration change. ERCOT wiill
create a NOMCR changing the associated connectivity node of the EPS meter. Additionally,
ERCOT will move the EPS meter-related electrical bus to the new connectivity node.

3@ ERCOT Texas Network A -
- =% ERCOT Substations a4 S ditor - Edit Instance

! i * WZ‘COAST ébﬁ% Texas Network/ERCOT

- BN WZ_EAST SubstationsWZ_NORTH_CENTRAL/BINWK/138/2806/0015/800!
@ W WZ_FAR_WEST

- =W WZ_NORTH General | Atributes | Links |

- =% WZ_NORTH_CENTRAL

= 3 BINWK Aftributes  |Value

=138 Name
=@ 11_CB Type ElectricalBus

A 138 RDF D ce019¢49-6fa2-470f-8299-3ba28f1371

ol 14_CB 1d

=0 15_CB Description

=@ 18_CB

=l 21_CB

= [ 24_CB

=l 25 CB

=l 28_CB

=& 2806 m/
- —x 00
X 0012

B 0015
%5009 |'|.'. 8X

@X 0017 R
@ X 0019

X 0030 ‘ »
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5® 7808 I~ Non-blank only Help | Options

wo i 2an0 ﬂ
T T T 6 ocalimranet

Figure 41 - ElectricalBus
23.2 ATTRIBUTES

Following are the attributes for ElectricalBus.
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Attribute

Description

Data Type

Default

Alias Name

Free text name of the
object or instance.

Description

Description of the object or
instance.

Display LMP

Display LMP?

Boolean

True

Local Name

The localName is a human
readable name of the
object. It is only used with
objects organized in a
naming hierarchy. The
simplest naming hierarchy
has just one parent (the
root) giving a flat naming
hierarchy. However, the
naming hierarchy usually
has several levels, e.g.
Substation, VoltageLevel,
Equipment etc. Children of
the same parent have
names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name
instead.

Model Resource ID

A Model Authority issues
mRIDs. Given that each
Model Authority has a
unique id and this id is part
of the mRID, then the
mRID is globally unique.

Path Name

The pathname is a system
unigue name composed
from all
IdentifiedObject.names in
a standard naming
hierarchy path from the
object to the root.

23.3 LINKAGES

AssociationName

Class

Description
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ElectricalBus.ConnectivityNode

ConnectivityNode

ElectricalBusMemberOfConnectivityNode is a
Required Linkage. ElectricalBus needs to be
always contained in an instance of the class
ConnectivityNode.
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24 MODELING CONNECTIVITYNODEGROUP

24.1 MODELING APPROACH

The ERCOT CIM model defines a connectivity node group as a grouping of connectivity nodes.
The Transmission operation (TO)'s planners will need to identify the PSS/E Bus name and PSS/E
Bus number for each connectivity node group. The PSS/E Bus name and PSS/E bus Number
must be unique within the IMM. These values cannot be duplicated. See figure below as an
example.

3 {2_Planning_Owner_Test) - Information Model Manager - Microsoft Internet Explorer

File Edit Wew Insert Tools Help |

[@oluraexals [ &ETE]|2
D mAC AT Al . . . ,
wIL AU - Single Edilor - Edit Instance (View Only) =8
m.-AL
;E —i; apegtm . Network/ERCOT Texas Networl/ERCOT
s Substations'WZ_COAST/ BE/138/40180
CmIL BA
| e BC General 1 Links
=3 BE L]
o =eE138 Attributes Value
m-is BE L1 Alias Name
B BE |2 Latituce
B ¢ _BES5956 Local Name
By _BES95E Longitude
@ ¢ _BETIHS Madel Resource ID 550569
= ‘ _BETZHS PSSIE Bus Name BERTWD  138A & P3SE busNane
[_;: EgA PSSE BusNumber 40180 —— PSSE Bus Nunber
; Path Mame
=@ 136A Transmission Element D | 151202
w0 1384 G
w-4% 1358
E-4% 40180 #— Connectiviy Node G
I é%x g S Lo ket ot Hep | Options |
1 4
&] Done ’_,_’_,_,_ &) Trusted sites 4

24.2 ATTRIBUTES

Attribute Description Data Type Default Value | Sampl
e Data
Alias Name Free text name of the object or String None
instance.
Description Description of the object or String None
instance
Latitude Latitude coordinates Float None
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Local Name The localName is a human String None
readable name of the object. Itis
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are uniqgue among
them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

Longitude Longitude coordinates. Float None
Model Resource | A Model Authority issues mRIDs. | Integer Auto-
ID Given that each Model Authority populated

has a unique id and this id is part
of the mRID, then the mRID is
globally unique.

PSSEBusName | The bus name which is used String12 None
by planners to idendify the bus

Stores the PSS™E bus name
that will be associated with the
grouping of Connectivity
Nodes in Option 2.

PSSEBusNumb | The bus number which is used | Integer None
er by planners to idendify the bus

Attribute will be used to store
the PSS™E bus number that
will be associated with the
grouping of Connectivity
Nodes in Option 2.

The pathname is a system String None
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unigue name composed from all
Path Name IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

TEID Transmission Element ID Integer Auto-
populated

24.3 LINKAGE

The required links for a Connectivity Node Group are defined in the table below.

Link Name Description Path Name

Operatorship | The Operatorship link is used for permission rights. The Network/Companies
Operator of equipment has the right to edit the equipment.
An operator can only be assigned by the creator or owner
of the equipment.

Ownership The Ownership link is used for permission rights. The Network/Companies
owner of equipment has editing and administrative rights.
An owner can only be assigned by the creator of the
equipment.

PlanningArea | Attribute will give IMM modelers control over the PSS®E Network/Companies
ID that the Topology Processor uses to properly number

areas.
Planning Attribute will give IMM modelers control over the PSS®E Network/Companies
Zone ID that the Topology Processor uses to properly number

zones.

©2009 Electric Reliability Council of Texas, Inc. 163



ERCOT Limited

NMMS: Modeling Guidelines

25 MODELING OPERATORSHIP

25.1 MODELING APPROACH

In the ERCOT CIM model an operator is assigned to each piece of equipment. The operator of
the equipment is given the right to edit the equipment and add instances under the equipment.
An operator must be created under a company and used as a link to equipment.

3 (83_2) - Information Model Manager - Microsoft Internet Explorer
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#- @ Combined_Cycle_Plants
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=il _COMPANY_A -——— Company
B Operator <«——— Operatorship

& 685500

&
=

PowerCC

General | Atributes | Links |

@ 83_2 Instances &
= @ Generel _ ~ Single Editor - Edit Instance &
+ @ other Data Spectrum

Network/Companies’_COMPANY_A/Operator

| |Attributes
| |Name

| Type Operatorship

ROFD  |-74A09342-24F4-4EAA-AB29-BIIF3
_ ABD5F90}
| Description

. Owmner = [~ Mon-blank only Help | Options |
i e s e _.|J
@] owre | ] | @ restessees /
Figure 42 - Operatorship
25.2 ATTRIBUTES
The attributes for Operatorship are shown in the table below.
Attribute Description Data Type Default | Sample
Value Data
Alias Free text name of the object or instance. String None
Name
Description | Description of the object or instance String None
Local The localName is a human readable name of | String None
Name the object. It is only used with objects
organized in a naming hierarchy. The simplest
naming hierarchy has just one parent (the

©2009 Electric Reliability Council of Texas, Inc.

164



ERCOT Limited

NMMS: Modeling Guidelines

root) giving a flat naming hierarchy. However,
the naming hierarchy usually has several
levels, e.g. Substation, VoltageLevel,
Equipment etc. Children of the same parent
have names that are unique among them. If
the uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used,
use ldentifiedObject.name instead.

Model A Model Authority issues mRIDs. Given that Integer Auto-
Resource | each Model Authority has a unigue id and this populated
ID id is part of the mRID, then the mRID is
globally unique.

Operate Operator share percentage Float None
Percent

String None
Path Name | The pathname is a system unique name

composed from all IdentifiedObject.names in
a standard naming hierarchy path from the
object to the root.

25.3 LINKAGE

None
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26 MODELING OWNERSHARERATING

26.1 MODELING APPROACH

OwnerShareRating can be utilized on Power Equipments that can be co-rated by different
companies defined as an owner of the equipments. In ERCOT CIM Model, only transmission
lines have the functionality to be dynamically rated and co-rated so only transmission lines will
have OwnerShareRating class. OwnerShareRating is modeled under ACLineSegment or
TransformerWinding as a child instance. As mentioned above, since only transmission lines have
this capability in the ERCOT Model, only the lines will have an OwnerShareRating instance.

When defining an OwnerShareRating, the “Owned By (Dynamic Element)” , “Rated by
(Ownership)”, “Reference (WeatherStation)” , and if possible “Reference (WeatherStationAlt)”
should be properly linked according to their Path Name(see Linkage OwnerShareRating below).

Figure below shows the parent/child hierarchy of a OwnerShareRating in IMM.
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Figure 43 - Hierarchy for OwnerShareRating

26.2 ATTRIBUTES

The attributes for a OwnerShareRating are shown in the table below.

Default | Sample

Attribute Description Data Type Value Data
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Alias Free text name of the object or instance. String None
Name
The localName is a human readable name
of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
Local hierarchy. However, the naming hierarchy
Name usually has several levels, e.g. Substation, String None
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.
Model A Model Authority issues mRIDs. Given that
Resource each Model Authority has a unique id and
D this id is part of the mRID, then the mRID is
globally unique.
The pathname is a system unique name
Path composed from all IdentifiedObject.names in Strin None
Name a standard naming hierarchy path from the 9
object to the root.
26.3 LINKAGE
The required links for a OwnerShareRating are defined in table below.
| Link Name | Description Path Name
Owned By The Equipment name that is .other Orphans/DynamicElement/Line

(DynamicElement) to be rated.

Registered Owner of the Network/Companies/Company/Owner

Rated By
(Ownership) Equipment ship
. .other
Reference Weather Station the .
(WeatherStation) Equipment is assigned to. Orphans/ Weather Station/Weather
Stations
Reference Alternate Weather Station .other
(WeatherStationAlt) that the owner intends to Orphans/WeatherStation/Weather
assign to the Equipment. Stations
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CLASSES ONLY MODELED BY ERCOT

Modeling guidelines for the classes described beyond this point are classes that will only be
allowed to be submitted by ERCOT. These classes will appear in models posted by ERCOT.
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27 MODELING BASEVOLTAGE

27.1 MODELING APPROACH

BaseVoltage’s are created by ERCOT. These are a collection of Base Voltages which are used to
verify that the BusbarSection, BaseVoltage and other voltage attributes in the CIM are given a
value existing in the collection.

|- Realtime (RT) Instances

|»

= General Singie Editor - Edit instance (Vier
/@ other Data ( Spectrum
i@ other Orphans PowerCC Network/Base Voltage/1 KV
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7= Madel_Version_Information General Aftributes !Links |

= = Network

T Attributes [value
s teme [
Local Mame

Model Resource ID | 7827
Maminal Voltage 1

Path Mame

125Ky
13KV
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& 138Ky
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=R
1Ak
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16KV
o 165 KY
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& 1TEKY
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e 24KV =

[ Non-blank only Help

———

Figure 44 - BaseVoltage
27.2 ATTRIBUTES

The following table shows all the attributes that are available for a BaseVoltage.

Attribute Description Data Type Default Sample
Data

Alias Free text name of the String None

Name object or instance

©2009 Electric Reliability Council of Texas, Inc. 169



ERCOT Limited NMMS: Modeling Guidelines

Local The localName is a human String None
Name readable name of the
object
Model A Model Authority issues String None
Resource mRIDs
ID
Path The pathname is a system
Name unique name composed
from all

IdentifiedObject.names in

a standard naming

hierarchy path from the

object to the root.
Nominal The 69kv
Voltage PowerSystemResource's

base voltage

27.3 LINKAGE

There are no required linkages to the BaseVoltage.
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28.1 MODELING APPROACH

Instances of this class are created by ERCOT based on the Registration Information. A Company
is a legal entity that owns and operates power system resources and is a party to interchange

and transmission contracts.

[ Realtime (RT) Instances
= General

[ = other Data

@ = other Omphans

3
{ Spectrum

PowerCC

Single Editor - Edit Instance (Viev

Network/Companies/1-800-RECONEX INC

:F-'- Contingencies_and_RASs
- List_Infarmation

o] ='e- Model_Version_Information
= Network

General Affributes | Links |

- Base Voltage Attributes
@ = BranchGroup Alias Name
= = Companies Company Type LSE
1 1-800-RECOMEX INC Cooperative False
4l ABSOLUTE ELECTRIC INC DBA ABSOLUTE POWE DUNS 802745240
4 ACACIAENERGY INC (LSE) Local Name RECNAL
* ACACIA ENERGY INC (QSE) Model Relsuun:e D 6544
Municipality False

# ACACIAENERGY INC (5Q1)
4l ACCENT ENERGY TEXAS LP (CRRAH) _ |PSSBEID
4y ACCENT ENERGY TEXAS LP DBA DYNOWATT POV FathName

i ACN ENERGY INC (LSE) Primary Phone (503) 962-5573
4l AEP ENERGY PARTNERS INC (CRRAH) _|GSEID
i AEP PSO MUNICIPAL QSE OPAID

Secondary Phone (503) 982-6077

& i AEP TEXAS CENTRAL COMPANY
4l AEP TEXAS CENTRAL COMPANY (LSE)
i} AEP TEXAS COMMERCIAL INDUSTRIAL RETAIL LP
i AEP TEXAS NORTH COMPANY

4l AEP TEXAS NORTH COMPANY SPP

w4 AES DEEPWATER INC
4l AFFORDABLE POWER LP (LSE)
4l AFFORDABLE POWER LP (GSE)
4} AR LIQUIDE AMERICA cclmp

Transmission ElementID |1331

I~ Non-blank only Help |

— e — p— p—

uh

Figure 45 - Company
28.2 ATTRIBUTES

The following table shows all the attributes that are available for a Company.

Attribute Description Data Type Default Value Sample Data
Alias Name Free text name of the String None RECONEX_L
object or instance.
Company The type of company, String None LSE
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Type

e.g.: pool, municipal,
private.

Cooperative

Cooperative boolean.

Boolean

None

False

Description

Description of the object
or instance.

String

DUNS

DUNS Number

String

802745240

Local Name

The localName is a
human readable name
of the object.

String

RECNXL

Model
Resource ID

A Model Authority
issues mRIDs. Given
that each Model
Authority has a unique
id and this id is part of
the mRID, then the
mRID is globally unigue.

String

6544

Municipality

Municipality boolean.

Boolean

False

Path Name

The pathname is a
system unique name
composed from all
IdentifiedObject.names
in a standard naming
hierarchy path from the
object to the root.

Primary
Phone

Primary Phone number
for contact.

PSS®E ID

Attribute will give IMM
modelers control over
the PSS®E ID that the
Topology Processor
uses to properly number
owners.

Number

QSE ID

A 14 character QSE ID
used for ERCOT LFC.

String

QSE OPA ID

A 6 character QSE OPA
ID for the QSE
operating in the QSE
Simulator.

Secondary
Phone

Secondary Phone
number for contact.

Transmission
Element ID

Transmission Element
ID.

Number

1331
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28.3 LINKAGE

There are no required linkages to the Company.
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29 MODELING SUBGEOGRAPHICALREGION

29.1 MODELING APPROACH

SubgeographicalRegion’s can be created only by ERCOT. It is a subset of a geographical region

of a power system network model.

f 1 121 e s < 1 e §  m— e £ —

= Realtime (RT) Instances
@ General
[ &= .other Data
& = other Orghans
- Contingencies_and_RASs
= &= List_Information
[ /= Model_Version_Information
=) @ Network
& 7= Base Voltage
- BranchGroup
[ @ Companies
B f@ Contacts
@ DCTies
-7 EPS_Meter
@ @ ERCOT Seftiement Zones
=) &= ERCOT Texas Network
=.#p ERCOT Substations
- -Wp WZ_COAST
W WZ_EAST
. -Wp WZ_FAR_WEST
- W WZ_NORTH
 [1-Wp WZ_NORTH_CENTRAL
. @-Wp WZ_SCADA_ONLY
- Wp WZ_SOUTH_CENTRAL
@ WZ_SOUTHERN
@ WZ_WEST
- dp ERCOT-AC Lines
= ¥p ERCOT-Series Compensators
@@ ERCOT_FlowGates

( Spectrum

PowerCC

Single Editor - Edit Instance (V

Network’/ERCOT Texas Network/ERCOT

SubstationsWZ_(

MetworkfERCOT Texas Met,
SubstationsWZ_COAST

((General | attributes | Links |

Attributes | Value

Name

Type Sub Geographical Region

RDF ID 779517 21-dc19-4fc4-a638-T13dBeTcal 45
Description

@ /=) ERCOT_Seftlement_Hubs I el ey Help
i@ HostConirolArea hd |
Figure 46 - SubGeographicalRegion
29.2 ATTRIBUTES
The following table shows all the attributes that are available for a SubGeographical Region.
Attribute Description Data Type Default Value Sample
Data
Alias Name Free text name of the String
object or instance.
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Description

Description of the object
or instance.

String

is
WeatherZone

Indicates whether a
SubGeographicalRegion
is a Weather Zone.

Boolean

False

Local Name

The localName is a
human readable name
of the object.

String

Model
Resource ID

A Model Authority
issues mRIDs.

Path Name

The pathname is a
system unigue name
composed from all
IdentifiedObject.names
in a standard naming
hierarchy path from the
object to the root.

PSS®E ID

Attribute will give IMM
modelers control over
the PSS®E ID that the
Topology Processor
uses to properly
number Alternate
Areas and Zones.

29.3 LINKAGE

There are no required links to the SubgeographicalRegion.
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30 MODELING GEOGRAPHICAL REGION

30.1 MODELING APPROACH

Geograpraphical Regions are created by ERCOT. A geographical region represents a region of a
power system network model.

[ Realtime (RT) Instances )

= General Singie Editor - Edit Instance (Viev
¥ & .other Data (S ectrum

@ = other Orphans p PowerCC Network/ERCOT Texas Network/ERCOT-S¢

ol cw Contingencies_and_RASs
o) m’- List_Information

e Model_Version_Information General | Attributes | Links |

D cﬁ' Metwark

| @ Base Voltage Attributes | Value

| @ BranchGroup Name :

& Companies Type Geographical Region

. @ Contacts RDFID | _(D5637DFC-831F-4B53-ABBA 2ARBB6854183)
| @@ DCTies Description

| @ = EPS_Meter

. @ /= ERCOT Sefflement Zones
[ m ERCOT Texas Network
w9 ERCOT Substations
&-Wp ERCOT-AC Lines
B;] * ERCOT-Series Compensators
. [ = ERCOT_FlowGates
. @ = ERCOT_Seffiement_Hubs
. /= HostControlArea
. @ & NOIE_Load_Zones
| @& Planning_Groups
| [ /= PrivateAreaNetworks
. @ i PrivateUseNetworks
* A’r- Three_Winding_Transformers
& /== Schedules

Figure 47 - GeographicalRegion
30.2 ATTRIBUTES

The following table shows all the attributes that are available for a Geographical Region.

Attribute Description Data Type Default Sample Data
Value
Alias Name Free text name of the String None

object or instance
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Local Name | The localName is a String None
human readable name
of the object
Model A Model Authority String None
Resource ID | issues mRIDs
30.3 LINKAGE

There are no required links to the Geographical Region
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Market Objects include classes of the type:

31.1 MODELING APPROACH FOR SETTLEMENTHUB

SettlementHUB
AggregateHUB
HUBBus
PricingVector
ResourceNode
EPSMeter
SettlementLoadZone

SettlementNOIELoadZone

This section describes the approach for modeling a SettlementHUB. SettlementHUB's are
modeled by ERCOT. A SettlementHUB is a designated Settlement Point for an ERCOT HUB.The
SettlementHUB should only be contained within an instance of class sysOrphan, named
“ERCOT_Settlement_Hubs”. There are four SettlementHUBs currently defined in ERCOT Model

HB_HOUSTON
HB_NORTH
HB_SOUTH

HB_WEST
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17 other Orphans [ ] . . -
& Contingencies_and_RASS Single Editor - Edit Instance |
i+ List_Information ( Spectrum

S Network/ERCOT Settlement Hubs'HB_HOUSTG

1= Model_Wersion_Information v
1@ Network

go= BacaVoltage A
= Base Vollage

5 General | Atiributes | Linics |
#-# BranchGroup

@@ Companies Attributes | Value

= Contacts Name

@ DCTies Type SettlementHUB

- EPS_Meter RDFID _{5190ECF0-F8C9-4622-84A3-059EB
0@ ERCOT Seftlement Zones 0393614}

4
4
- ERCOT Texas Network
@@ ERCOT_FlowGates
= ERCOT_Settlement_Hubs
@ HB_BUSAVG
BB HOUSTON]
- HB_HUBAVG
& HB_NORTH
#-@ HB_SOUTH
@ @ HB_WEST
&= HostControlArea
0 NOIE_Load_Zones
- Planning_Groups
- PrivateAreaNetworks
- PrivatelJseNetworks
@ Three_Winding_Transformers
1% Schedules

B
[
4
H

|

e

Figure 48 - SettlementHub
31.1.1 Attributes

The following table shows all the attributes that are available for a Settlement Hub. There are no
required attributes for a SettlementHub.

Attribute Description Data Type Default Value Sample
Data
Alias Name Free text name of String None
the object or
instance
Local Name The localName isa | String None

human readable
name of the object

Model A Model Authority String None
Resource ID issues mRIDs
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31.1.2 Linkage

The following is a required linkage.

AssociationName Class Description

Domain.MemberOfSysOrphan | SysOrphan | SettlementHUB needs to be contained only within
the instance of class sysorphan.

31.2 MODELING APPROACH FOR AGGREGATEHUB

This section describes the approach for modeling an AggregateHUB. AggregateHUB's are
modeled by ERCOT. There are two AggregateHubs “HB_HUBAVG” and “HB_BUSAVG” defined
in the ERCOT model based on the HUB Calculation Methods.

31.2.1 HB_HUBAVG

The HB_HUBAVG for both Day-Ahead and Real-Time is the simple average of four prices from
the applicable time period: the North 345 kV Hub price, the South 345 kV Hub price, the Houston
345 kV Hub price, and the West 345 kV Hub price.

Like SettlementHUB'’s, this AggregateHUB should only be contained within an instance of class
sysorphan named “ERCOT_Settlement_Hubs”.

31.2.1.1 Attributes

Following are the attributes.

Attribute Description Data Type Default
AggregateHub.hubCalculationMethod | HubCalculationMethod | Enumeration None.
should be set to
ERCOT_HUBS

31.2.1.2 Linkage

Below are the required linkages to AggregateHub.

AssociationName Class Description

Domain.MemberOfSysOrphan | SysOrphan AggregateHUB should only be contained
within an instance of the class sysOrphan.

AggregateHub.SettlementHUB | SettlementHUB | “AggregateHub.SettlementHUB” is a Required
Linkage. In this particular case all the
SettlementHubs that are defined under
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“ERCOT_Settlement_Hubs” must be
associated to “ERCOT_HUB AVG”.

31.2.2 HB_BUSAVG

The HB_BUSAVG is the simple average of the Hub Bus prices for each hour of the Settlement
Interval of the DAM in the Day-Ahead and is the simple average of the time weighted Hub Bus
prices for each 15-minute Settlement Interval in Real-Time, for each Hub Bus included in this

Hub.

Like SettlementHUB'’s, this AggregateHUB should only be contained within an instance of class
sysorphan named “ERCOT_Settlement_Hubs”.

31.2.2.1 Attributes

Attribute

Description

Data Type

Default

AggregateHub.hubCalculationMethod

HubCalculationMethod should be
set to
ALL ERCOT 345KV _HUBBUSES

Enumeration

None.

31.2.2.2 Linkage

AssociationName Class Description

Domain.MemberOfSysOrphan | SysOrphan

AggregateHUB should only be contained
within an instance of the class sysOrphan.

AggregateHub.SettlementHUB | SettlementHUB

associated to

“AggregateHub.SettlementHUB” is a
Required Linkage. In this particular case all
the SettlementHubs that are defined under
“ERCOT_Settlement_Hubs” must be

“ERCOT_345KV_HUBBUSES_AVG".

31.3 MODELING APPROACH FOR HUBBUS

This section describes the approach for modeling a HUBBus. HUBBus' are modeled by ERCOT.
A HUBBuUSs by definition is an energized Electrical Bus or group of energized Electrical Buses
defined as a single element in the Hub definition.

HUBBUus needs to be contained within an instance of the class SettlementHUB.
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E & Network
. @ Base Voltage
& BranchGroup
@& Companies
w-# Contacts
®-# DCTies
w-#= EPS_Meter

& ERCOT Settlement Zones
# & ERCOT Texas Network

|

Single Editor - Edit Instance a@
( Spectrum

powercgemorkaRCOT Settlement_Hubs/HB_NORTH/ALLNC

General | Attributes | Links |

Attributes |Value
Name

® w ERCOT_FlowGates Type HUBBus
B ERCOT_SenIement_Hubs RDF ID _{T7ESE5B4-3AAC-4EDC-AB07-DES94
@ HB_BUSAVG CT051A4}
- HB_HOUSTON Description
@ HB_HUBAVG
= HB NORTH
= ALNSW2
= ANASW
# BBSES
= BNBSW
# BNDVS
@ BOSQUESW
@ CDHSW
@ CMINSW
& CN345 1 r
# CNRSW
% CNTRY1 I™ Non-blank only Help I Options |
=5 CNTOVE |
Done T S Lecalintranet
Figure 49 - HubBus
31.3.1.1 Attributes
Attribute Description Data Type Default
None
31.3.1.2 Linkages
AssociationName Class Description
HUBBus.SettlementHub SettlementHUB “HUBBuUSs.SettlementHub” is a Required
Linkage. HUBBus needs to be
contained in an instance of the class
SettlementHUB
ConnectivityNodeGroup.HasAHUBBuUs | ConnectivityNode | “ConnectivityNodeGroup.HasAHUBBus”
is a Required Linkage. HUBBus must
be associated to a
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ConnectivityNodeGroup that has at
least one ElectricalBus under it. If a
HUBBUS is associated to more than one
ConnectivityNodeGroups then all the
associated ConnectivityNodeGroups
must belong to the same station.

31.4 MODELING APPROACH FOR PRICINGVECTOR

This section describes the approach for modeling a PricingVector. PricingVector’s are modeled
by ERCOT. PricingVector is the location where the metered price is calculated. PricingVector
needs to be always contained with in an instance of the class ElectricalBus.

PricingVector's name should be unique with in the model. PricingVector’'s can not be connected
to BusbarSection or EndCap.
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+3E PHILLPS3 | _ .
13 PHILLPS5 gugh-Edllor- Edit Instance

&
"o Wfﬁﬁﬁ% Texas Network/ERCOT
=-§ 39870 Substations'WZ_COAST/PHILLPS5/69/39870/0011/PHILLPS5 _E

STl

- B-X 0002

X 0003 General | Atributes | Links |
¥ 0007

 B-X 0011 Attributes [Value
| B PHLLPS5_Ex{ Name

: B Type PricingVector
RN SCD
% 0015 RDF ID

| ¥ NN1E
T

e 0017
X 0018
~X 0019
b 0021
é E ..... ¥ 6682
- E-X 6684

PUN1 cb7b265d-61a8-4626-814e-98237322
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AT 6684
- ¢ 6805

- ¢ 6806
- ¢ 6807 [~ Non-blank only o
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|
g 0000
s e
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Figure 50 - PricingVector

31.4.1 Attributes

Attribute Description Data Type Default

teid Transmission Element ID Integer Autopopulated

31.4.2 Linkages

AssociationName Class Description

PricingVector.ElectricalBus | ElectricalBus | PricingVectorMemberOfElectricalBus is a Required
Linkage. PricingVector needs to be always
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contained in an instance of the class ElectricalBus.

PricingVector.Terminal

Terminal PricingVectorHasATerminal is a Required Linkage.
PricingVector must be associated to a terminal
where the price is calculated.

31.5 MODELING APPROACH FOR EPSMETER

This section describes the approach for modeling a EPSMeter. EPSMeters are modeled by
ERCOT. EPSMeter is a meter polled directly by ERCOT for use in the financial settlement of the
market. EPSMeter needs to be contained only with in the instance of class sysorphan with
EPS_Meter as its name.

31.5.1 Attributes

Following are the attributes for EPSMeters.

Attribute Description Data Type Default
AcceptedStatus EPS meter location has Boolean false
been accepted by
settlements.
RID Resource number for EPS | String Autopopulated
meter Identifier
teid Transmission Element ID Integer Autopopulated
31.5.2 Linkages
AssociationName Class Description

Domain.MemberOfSys

Orphan | SysOrphan DomainMemberOfsysOrphan is a Required
Linkage. This implies that an EPSMeter needs
to be contained only in the instance of class
sysorphan.

PricingVector.EPSMeter_HasA | PricingVector | PricingVector should be associated to a

EPSMeter.
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31.6 MODELING APPROACH FOR RESOURCENODE

This section describes the approach for modeling a ResourceNode. ResourceNode’s are
modeled by ERCOT. ResourceNode is either a logical construct that creates a virtual pricing point
required to model a Combined-Cycle Configuration or an Electrical Bus defined in the Network
Operations Model, at which a Settlement Point Price is calculated and used in Settlement.
ResourceNode needs to be always contained within an instance of the class ElectricalBus.

ResourceNode’s should not be associated to a LoadResource or a ControllableLoadResource.
ResourceNode’s that are associated to a PrivateUseNetwork, should not be connected to a
Physical GeneratingUnit. Every GeneratingUnit should be associated to ResourceNode unless
the GeneratingUnit is part of a DCTie or Non-Modeled-Generation or Block Load Transfer or
Retired or Mothballed.

1E PHILLPS5 ;Lugh-Edltor- Edit Instance E
=& ﬂq,;ﬂ‘?f‘f,:mb T Texas Network/ERCOT
=@ 39870 SubstationsWZ_COAST/PHILLPS5/69/39870/0011/PHILLPS5 E_
#-X 0002
X 0003 General | Attributes | Links |
 =-X 0011 Attributes |Value
~ 2-e8 PHLLPRS_E_1 Name
& PV_38 Type ResourceNode
..... 5 nnf‘: RDE ID Ef?bc?’l1-8339-4239-b289-ef0b39ffd7f
AU D 9
X 0016
0017

-X 6688
X 9100
& @Y 6684
® ¢ 6805

® ¢ 6806
& 7 6807 I~ Non-blank only Help I Options |

¥ RENG ...'J

1T T T N Localintranet

Figure 51 - ResourceNode
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Attribute Description Data Type Default
None
31.6.2 Linkages

AssociationName Class Description

ResourceNode.ElectricalBus

ElectricalBus

ResourceNode needs to be always contained in
an instance of the class ElectricalBus.

31.7 MODELING APPROACH FOR SETTLEMENTLOADZONE

The ERCOT CIM model defines a SettlementLoadZone as Settlement Point for ERCOT Load
Zones. ERCOT will designate Settlement Load Zones to specific zones allowing for additional
subdivision of the network to facilitate analyses and documentation.

SettlementLoadZone needs to be contained only with in the instance of class sysorphan with
“ERCOT Settlement Zones” as its name.

The settlement load zones will be pre-populated and maintained by ERCOT in the IMM. This data
may change with future settlement load zones additions.

The each Settlement load zone name and PSS/E ID must be unique within the IMM. These
values cannot be duplicated. See figure below as an example.
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a (2_Planning_Dwner_Test) - Information Model Managet - Microsoft Internet Explorer

Fle Edit Wiew Insert Tools Help

G 2E
=@ 2 Planning_Owner_Test Instances =i ) ] i i =
8@ Genera| Single Editor - Edit Instance (View Only)

@ other Data
@ other Orphans

o List Information

-l MNetwork

&l-@ Base Voltage
&l-(@ EranchGroup
al-@ Cormpanies
&-@ Contacts
&-@ DCTies

& EPS Meter
B

@7 SOUTH

[N Y e

E
£
@ Contingencies_and RASS
e
- @ Model_Version Information
E

(i ERCOT Settlement Zones

PowerCC

Network/ERCOT Settlement Zones/LZ HOUSTON

General Atfributes | Links|

Aftributes

Alias Name

Local Name

Value

Wodel Resource ID | 7801

PSSRE D

35 4—— PSS/ED

Path Name

I” Non-blank only

Help | Options |

‘Q Dane

rrrrr’WSé

31.7.1 Attributes

Attribute

Description

Data Type

Default Value

Sampl
e Data

Alias Name

Free text name of the object or
instance.

String

None

Local Name

The localName is a human
readable name of the object. Itis
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are uniqgue among
them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

String

None
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Model Resource
ID

A Model Authority issues mRIDs.
Given that each Model Authority
has a uniqgue id and this id is part
of the mRID, then the mRID is
globally unigue.

Integer

Auto-
populated

PSS®E ID

Attribute will give IMM modelers
control over the PSS®E ID that
the Topology Processor uses to
properly name units, loads,
branches, and transformers

String

None

Path Name

The pathname is a system
unigue name composed from all
IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

String

None

31.7.2 Linkage

AssociationName

Class

Description

Substation.SettlementLoadZone

Substation

SettlementLoadZoneContainsSubstation is a
Required Linkage. All the Substations with Loads
must be associated to at least one
SettlementLoadZone

31.8 MODELING APPROACH FOR SETTLEMENTNOIELOADZONE

The ERCOT CIM model defines a SettlementNoieLoadZone as Settlement Point for ERCOT

NOIE Load Zones.

ERCOT will designate Settlement Noie Load Zones to specific zones allowing for additional
subdivision of the network to facilitate analyses and documentation.

The Settlement Load Zones will be pre-populated and maintained by ERCOT in the IMM. This
data may change with future settlement load zones additions.

The each Settlement load zone name and PSS/E ID must be unique within the IMM. These
values cannot be duplicated. See figure below as an example.

SettlementNOIELoadZone needs to be contained only with in the instance of class sysorphan
with “NOIE_Load_Zones” as its name.
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31.8.1 Attributes

Attribute

Description

Data Type

Default Value

Alias Name

Free text name of the object or
instance.

String

None

Local Name

The localName is a human
readable name of the object. Itis
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are uniqgue among
them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

String

None
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Model Resource ID A Model Authority issues mRIDs. | Integer Auto-populated
Given that each Model Authority
has a unigue id and this id is part
of the mRID, then the mRID is
globally unigue.

PSS®E ID Attribute will give IMM modelers | String None
control over the PSS®E ID that
the Topology Processor uses to
properly name units, loads,
branches, and transformers

The pathname is a system String None
unigue name composed from all
Path Name IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

31.8.2 Linkages

There are no required links.
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This section will cover modeling of GeneratingUnits, CombinedCyclePlants,

ControllableLoadResources and LoadResources.

32.1 MODELING GENERATING UNIT

GeneratingUnit is modeled using a ResourceController, GeneratingUnit, and
SynchronousMachine. Figure 52 below shows a Generating Unit as modeled in IMM, with
parent/child associations labeled. In this figure a Resource Controller named GEN_RC is
modeled under a Substation. A Generating Unit, GEN is located under the Resource Controller,
GEN_RC. Within the same substation, under Voltage Level, 13.8 a Synchronous Machine is

modeled.
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Figure 52 — Modeled Generating Unit with parent/child associations labeled.

32.1.1 Modeling Approach for Resource Controller

The ERCOT CIM data dictionary defines a ResourceController as a plant controller. A
ResourceController is modeled under a Substation. Figure below shows a Resource Controller in
IMM, with parent/child associations labeled. Every GeneratingUnit in the network model must be
contained within a ResourceController. Only in case of CombinedCyclePlants, multiple
GeneratingUnits may be present within the same ResourceController.
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Figure 53 — Modeled Resource Controller with parent/child association.

32.1.1.1 Attributes

The attributes for a ResourceController are shown in the table below.

Attribute Table for Resource Controllers

[ W Local intranet

Attribute Description Data Default Sample
Type Value Data
TEID Transmission Element ID Integer Auto-
populated
externalJointUnit Boolean False
frequencyBias Float None
gross Boolean False
jointUnit Boolean False
physical Boolean False
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Alias Name

Free text name of the object or instance.

String

None

Latitude

Latiitude coordinates.

Float

None

Local Name

The localName is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming
hierarchy usually has several levels, e.g.
Substation, VoltagelLevel, Equipment etc.
Children of the same parent have names
that are unique among them. If the
unigueness requirement cannot be met
IdentifiedObject.localName shall not be
used, use IdentifiedObject.name instead.

String

None

Longitude

Longitude coordinates.

Float

None

Model Resource
ID

A Model Authority issues mRIDs. Given
that each Model Authority has a unique
id and this id is part of the mRID, then
the mRID is globally unique.

Integer

None

Path Name

The pathname is a system unique name
composed from all
IdentifiedObject.names in a standard
naming hierarchy path from the object to
the root.

32.1.1.2 Linkage

The required links for a ResourceController are defined in defined in the table.

Linkage Table for Resource Controllers

Link Name

Description

Path Name

Substation

The Substation link is used in order to
identify the location of the device

Network/ERCOT

Substations/Weather Zone

Operatorship

The Operatorship link is used for
permission rights. The Operator of
equipment has the right to edit the
equipment. An operator can only be
assigned by the creator or owner of the
equipment.

Network/Companies
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Ownership The Ownership link is used for permission Network/Companies
rights. The owner of equipment has
editing and administrative rights. An
owner can only be assigned by the creator
of the equipment.

32.1.2 Modeling Approach for Generating Unit

The ERCOT CIM model defines a GeneratingUnit as a single or set of SynchronousMachines for
converting mechanical power into alternating-current power. A GeneratingUnit is modeled under
a ResourceController. An emergency and a normal rampratecurve must be modeled under every
market participating GeneratingUnit. Modeling of curves in is covered in detail in Section .

In the ERCOT CIM model a GeneratingUnit can be of four different types: HydroGeneratingUnit,
NuclearGeneratingUnit, ThermalGeneratingUnit, and WindGeneratingUnit. Below figure below
shows a GeneratingUnit in IMM, with parent/child associations labeled.
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Figure 54 — Modeled Generating Unit with parent/child association.
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32.1.2.1 Attributes

The attributes for all four types of GeneratingUnit are shown in the table below. There is an
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additional four columns representing each type of GeneratingUnit by which it will specified if an
attribute is used within that type. The labels of these columns are H for HydroGeneratingUnits, N

for NuclearGeneratingUnits, T for ThermalGeneratingUnits and W for WindGeneratingUnits.

Required attributes are listed at the top of the table in bold text. Most of the Boolean values will
have default values upon creation. These values are listed in the table along with sample data for

the field.

Attribute Table for Generating Units

Attribute

Description

Data Type

Default Value

Sam

ple
Data

TEID

Transmission
Element ID

Integer

Auto-
populated

coldStartTime

coldStartTime

Float

False

commercialOpera
tionsDate

Commericial
operations date.

Date

None

controlPulseHigh

Pulse high limit
which is the
largest control
pulse that the
unit can
respond to.

Seconds

0.5

controlPulseLow

Pulse low limit
which is the
smallest control
pulse that the
unit can
respond to.

Seconds

0.5

controlResponse
Rate

MW change for
a control pulse
of one second
in the most
responsive
loading level of
the unit.

PowerROCP
erSec

efficiency

The efficiency of
the unitin
converting
mechanical
energy, from the
prime mover,
into electrical
energy.

PU
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fregBias

Unit Regulating
Frequency Bias
as MW per 0.1
Hz.

Float

None

X

X

X

X

freqDevDeadban
d

Frequency
deviation
deadband for
Feed-Forward
correction.

Float

None

genOperatingMo
de

Operating mode
for secondary
control, e.g.:
Off, Manual,
Fixed, LFC,
AGC, EDC, RPN,
MRN, or REG.

EnumGener
atorOperatin
gMode

governorMPL

Governor motor
position limit.

PU

governorSCD

Governor Speed
Changer Droop.

PerCent

highReasonabilit
yLimit

High
reasonability
limit.

ActivePower

None

hotintTime

Hot-to-
intermediate
time (Seasonal).

Float

None

hotStartTime

Hot start time.

Float

None

intColdTime

Intermediate-to-
cold time
(Seasonal).

Float

None

lowReasonability
Limit

Low
reasonability
limit.

ActivePower

None

lowReasonability
RampRateLimit

Low
reasonability
ramp rate limit.

ActivePower

None

maxDailyStarts

Maximum daily
starts (seasonal
parameter).

Float

None
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maximumOperati
ngMW

This is the
maximum
operating MW
limit the
dispatcher can
enter for this
unit.

ActivePower

None

X

X

X

X

maxONTime

Maximum On-
Line time.

Float

None

maxWeeklyEnerg
y

Maximum
weekly energy
(seasonal
parameter).

Float

None

maxWeeklyStarts

Maximum
weekly starts
(seasonal
parameter).

Float

None

minimumOperati
ngMwW

This is the
minimum
operating MW
limit the
dispatcher can
enter for this
unit.

ActivePower

minOFFTime

Minimum Off-
Line time.

Float

None

minONTime

Minimum On-
Line time.

Float

None

modelDetail

Detail level of
the generator
model data.

Classificatio
n

penaltyFactor

The unit's
penalty factor
as calculated by
the Network
Sensitivity
function.

PenaltyFact
or

PrimaryFuelType

Primary fuel
type.

EnumERCO
TFuelType

None

qualificationStatu
s

Qualification
status.

Boolean

FALSE
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seasonalMaxSust
ainableRating

Seasonal
maximum
sustainable
rating.

ActivePower

None

X

X

X

X

seasonalMinEme
rgencyRating

Seasonal
minimum
emergency
rating.

ActivePower

None

seasonalMinSust
ainableRating

Seasonal
minimum
sustainable
rating.

ActivePower

None

SecondaryFuel Ty
pe

Secondary fuel
type.

EnumERCO
TFuelType

None

stepChange

Unit allowable
step change
which specifies
the maximum
stored energy in
the boiler.

ActivePower

Alias Name

Free text name of
the object or
instance.

String

None

allocSpinResMW

The planned
unused capacity
(spinning
reserve) which
can be used to
support
emergency load.

ActivePower

None

autoCntriIMarginM
w

The planned
unused capacity
which can be
used to support
automatic control
overruns, in MW.

ActivePower

None

baseMW

For dispatchable
units, this value
represents the
economic MW
basepoint, for
units that are not
dispatchable, this
value represents
the fixed
generation value.

ActivePower

None
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The value must
be between the
operating low and
high limits.

blackStart

Determines if a
unit is qualified to
black start.

Bool

FALSE

blockLoadTransfer

Block load
transfer.

Boolean

FALSE

controlDeadband

Unit control error
deadband. When
a unit's desired
MW change is
less than this
deadband, then
no control pulses
will be sent to the
unit.

ActivePower

None

DAM_Monitored

The Boolean
flags to indicate
which process(s)
monitor the
branch devices
and by which
process the
devices is
secured.

Boolean

FALSE

DAM Secured

The Boolean
flags to indicate
which process(s)
monitor the
branch devices
and by which
process the
devices is
secured.

Boolean

FALSE

description

Description of the
object or
instance.

String1000

None

dispReserveFlag

Display Reserve
Flag

Boolean

FALSE

energyMinMW

Energy Minimum
MW.

HeatPerHour

None

fastStartFlag

Fast Start Flag.

Boolean

FALSE

frequencyDeadBa

Allowable

Float

None
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ndHz

deviation of the
unit frequency.

fuelPriority

Fuel Priority.

Priority

None

genControlMode

Select the unit
control mode as
Setpoint (S) or
Pulse (P).

EnumGenera
torControlMo
de

None

genControlSource

The source of
controls for a
generating unit,
i.e., Unavailable,
Off-AGC, On-
AGC, Plant
Control.

EnumGenera
torControlSo
urce

None

highControlLimit

High limit for
secondary (AGC)
control.

ActivePower

None

highReasonability
RampRateLimit

High
reasonability
ramp rate limit.

ActivePower

None

initialMW

Default
generation for
use when the
operating type is
fixed. An entry is
required because
the unit may later
be placed in a
fixed operating
type mode even
though that may
not be the initial
selection.

ActivePower

None

intStartTime

Intermediate start
time.

Float

None

Latitude

Latiitude
coordinates.

Float

None

localName

The localName is
a human
readable name of
the object. Itis
only used with
objects organized
in a naming
hierarchy. The
simplest naming

String

None
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hierarchy has just
one parent (the
root) giving a flat
naming
hierarchy.
However, the
naming hierarchy
usually has
several levels,
e.g. Substation,
VoltageLevel,
Equipment etc.
Children of the
same parent
have names that
are unique
among them. If
the uniqueness
requirement
cannot be met
IdentifiedObiject.|
ocalName shall
not be used, use
IdentifiedObject.n
ame instead.

Longitude

Longitude
coordinates.

Float

None

longPF

Additional
information is not
available.

ParticipationF
actor

None

lowControlLimit

Low limit for
secondary (AGC)
control.

ActivePower

None

lowerRampRate

Lower Ramp
Rate.

PowerROCP
erMin

None

maxCapacityLimit

Maximum
possible capacity.

Integer

None

maxDownRampRa
te

Default maximum
ramp rate in
down direction.

Float

None

maximumAllowabl
eSpinngReserve

Maximum
allowable
spinning reserve.
Spinning reserve
will never be
considered
greater than this
value regardless

ActivePower

None
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of the current
operating point.

maximumCurrentC
apacity

(MW) Default
current max
capacity.
Operator
Enterable.

Float

None

maximumCurrentC
apacityRef

(MW) Reference
value for
Advisory ECO
maximum.
Entered in
modeling.

Float

None

maximumEconomi
cMW

Maximum high
economic MW
limit that should
not exceed the
maximum
operating MW
limit.

ActivePower

None

maximumEconomi
cMWRef

Maximum
economic
dispatch
reference value.

Float

None

maxResponseRes
erveLimit

Maximum
responsive
reserve limit MW.

Float

None

maxSpinReserveC
ontribution

Maximum
Spinning Reserve
Contribution.

Float

None

maxUpRampRate

Default maximum
ramp rate in up
direction.

Float

None

minCapacityLimit

The Lowest
continuous
economical
capacity limit.

Integer

None

minimumEconomic
MW

Low economic
MW limit that
must be greater
than or equal to
the minimum
operating MW
limit.

ActivePower

minimumOffTime

Minimum time

Seconds

None
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interval between
unit shutdown
and startup.

minResponseRese
rveLimit

Minimum
responsive
reserve limit MW.

Float

None

mRID

A Model Authority
issues mRIDs.
Given that each
Model Authority
has a unique id
and this id is part
of the mRID, then
the mRID is
globally unique.

String100

normalPF

Economic
participation
factor based on
the slope of the
unit incremental
cost curve at the
current operating
point of the unit.

ParticipationF
actor

onlineThresholdDe
adbandPercent

Unit online
threshold
deadband
percentage.

Float

None

OUSPriority

An Outage
Scheduler priority
is included in all
ConductingEquip
ment classes
except
BusbarSection
and
TransformerWind

ing.

Integer

None

pathName

The pathname is
a system unique
name composed
from all
IdentifiedObject.n
ames in a
standard naming
hierarchy path
from the object to
the root.

String500

None

psseid

Attribute will give

String2

None
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IMM modelers
control over the
PSS®E ID that
the Topology
Processor uses
to properly name
units, loads,
branches, and
transformers

raiseRampRate

Raise Ramp Rate

PowerROCP
erMin

None

ratedGrossMaxM
w

The unit's gross
rated maximum
capacity (Book
Value).

ActivePower

None

ratedGrossMinMW

The gross rated
minimum
generation level
which the unit
can safely
operate at while
delivering power
to the
transmission grid.

ActivePower

None

ratedNetMaxMW

The net rated
maximum
capacity
determined by
subtracting the
auxiliary power
used to operate
the internal plant
machinery from
the rated gross
maximum
capacity.

ActivePower

None

reliabilityMustRun

TRUE - Unitis
qualified to
reliability must
run.

Boolean

FALSE

reserveDiscountFa
ctor

Reserve Discount
Factor.

Float

None

resourceCategory

Type of resource.

String50

None

RUC_Monitored

The Boolean
flags to indicate
which process(s)
monitor the

Boolean

FALSE
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branch devices
and by which
process the
devices is
secured.

RUC_Secured

The Boolean
flags to indicate
which process(s)
monitor the
branch devices
and by which
process the
devices is
secured.

Boolean

TRUE

shortPF

Short
Participation
Factor

ParticipationF
actor

None

spinningReserveM
ax

Max spinning
reserve from this
unit. Usuallly
derived from
response rate.
Applicable only to
non-peakers.

Float

None

spinReserveRamp

Spin Reserve
Ramp

PowerROCP
erMin

None

startupTime

Time it takes to
get the unit on-
line, from the
time that the
prime mover
mechanical
power is applied.

Seconds

None

synCondenserCap
able

Flag indicating
whether the
Resource is
Synchronous
Condenser
capable.

Boolean

FALSE

tieLinePF

Unit frequency
and tie-line
regulation
participation
factor.

ParticipationF
actor

wfrmer

wfrmcr.

Boolean

FALSE

hydroUnitWaterCo

The equivalent

Float

None
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st

cost of water that
drives the hydro
turbine,
expressed as
(dollars/cubic
meter).

boilerEfficiency

(%) Boiler
efficiency factor.
The heat rate
curve will be
divided by this
factor to account
for a dirty boiler
or any other
cause for loos of
efficiency of the

heat cycle. Float None
boilerColdStartEne | Boiler cold start
rgy engergy (MBTU). | Float None
oMCost Operating and
maintenance cost
for the thermal CostPerHeat
unit. Unit None
turbineColdStartEn | Turbine cold start
ergy energy MBTU
(used by UC
only). Float None

32.1.2.2 Linkage

The required links for all GeneratingUnit types are defined in the table below.

Linkage Table for Generating Units

Link Name

Description

Path Name

DCTie

Should be
populated
only when
the unit is
part of a DC
Tie.

Netowrk/DCTies

GenerationType

List_Information/GenerationType

PrivateAreaNetwork

Should be
populated
only when
the unit is

Network/PrivateAreaNetworks
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part of a PUN
or if the unit
is retired,
mothballed or
blockloadtran
sfer.

ProtectedSwitch ?? ??

ResourceNode All market Network/ERCOT Texas Network/ERCOT

participating | Substations/Weather_Zone/Substation/Voltage_Level/Co
gen units nnectivityNodeGrou/ConnectivityNode/ElectricalBus/
should have
this
populated

SublLoadArea All units Schedules/Load Area Schedules
should be
part of a
subloadarea

32.1.3 Modeling Approach for Synchronous Machine

The ERCOT CIM data dictionary defines a SynchronousMachine as an electromechanical device
that operates synchronously with the network. It is a single machine operating either as a
generator or synchronous condenser or pump. In the ERCOT CIM model a SynchronousMachine
is modeled under a Voltage Level. Every SynchronousMachine may have a
MVArCapabilityCurve defined as a child under the SynchronousMachine. Modeling of MVar
Capability is described in Section ____ of this document. A single terminal must be modeled
under a SynchronousMachine. One or many SCADA measurement/s may be modeled under the
terminal. Figure 55 — Modeled Synchronous Machine with parent/child association. below shows
a SynchronousMachine in IMM model hierarchy, with parent/child associations labeled.
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Figure 55 — Modeled Synchronous Machine with parent/child association.

32.1.3.1 Attributes

The attributes for a SynchronousMachine are shown in the table below.

Attribute Table for Synchronous Machine

Attribute

Description

Data Type | Default Value | Sample

Data

TEID

Transmission Element ID

Auto-
populated

Integer

inertia

The energy stored in the
rotor when operating at rated
speed. This value is used in
the accelerating power
reference frame for operator
training simulator solutions.

Inertia 5

xSubtrans

Subtransient reactance, also
known as X".

Reactance None

XxTrans

Transient reactance, also

Resitance False
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known as X".

Alias Name

Free text name of the object or
instance.

String

None

avrEnabled

aVRToManuallLag

Time delay, in seconds,
required when switching from
AVR to manual for a lagging
MVAr violation.

Seconds

None

aVRToManualLead

Time delay, in seconds,
required when switching from
Automatic Voltage Regulation
to Manual for a leading MVAr
violation.

Seconds

None

baseMVAr

Default base MVAr value. This
value represents the initial
MVAr that can be used by any
application function.

ReactivePo
wer

None

condenserMW

Condensor MW

ActivePow
er

None

coolantCondition

Temperature or pressure of
coolant medium.

Float

None

coolantType

Method of cooling the machine,
e.g., air, hydrogen gas, water.

EnumCool
antType

None

DAM_Monitored

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which

process the devices is secured.

Boolean

FALSE

DAM_Secured

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which

process the devices is secured.

Boolean

FALSE

damping

Damping torque coefficient, a
proportionality constant that,
when multiplied by the angular
velocity of the rotor poles with
respect to the magnetic field
(frequency), results in the
damping torque.

Damping

None

description

Description of the object or
instance.

String1000

None
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Latitude

Latiitude coordinates.

Float

None

loadBasedRegulatio
nEnabled

T = Load based voltage
regulation enabled.

Boolean

False

localName

The localName is a human
readable name of the object. It
is only used with objects
organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent
(the root) giving a flat naming
hierarchy. However, the naming
hierarchy usually has several
levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name instead.

String

None

Longitude

Longitude coordinates.

Float

None

manualToAVR

Time delay, in seconds,
required when switching from
Manual to Automatic Voltage
Regulation. This value is used
in the accelerating power
reference frame for powerflow
solutions.

Seconds

None

maximumKkV

Maximum KV limit for the unit.

Voltage

None

maximumMVAr

Maximum MVAr limit. This is
the maximum (nameplate) limit
for the unit.

ReactivePo
wer

None

minimumKV

Minimum kV limit for the unit.

Voltage

None

minimumMVAr

Minimum MVAr limit for the unit.

ReactivePo
wer

None

Model Resource ID

A Model Authority issues
mRIDs. Given that each Model
Authority has a unique id and
this id is part of the mRID, then
the mRID is globally unique.

Integer

None

operatingMode

Current mode of operation, i.e.,
generator or condenser.

EnumSync
hronousMa
chineOpera

None
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tingMode

OUSPriority

An Outage Scheduler priority is
included in all
ConductingEquipment classes
except BusbarSection and
TransformerWinding.

Integer

None

pathName

The pathname is a system
unigue hame composed from
all IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

String500

None

phases

Describes the phases carried
by a conducting equipment.
Possible values { ABCN , ABC,
ABN, ACN, BCN, AB, AC, BC,
AN, BN, CN,A,B,C, N}

PhaseCod
e

None

psseid

Attribute will give IMM modelers
control over the PSS®E ID that
the Topology Processor uses to
properly name units, loads,
branches, and transformers

String2

None

Positive sequence resistance of
the synchronous machine.

Resistance

None

ro

Zero sequence resistance of
the synchronous machine.

Resistance

None

ratedMVA

Nameplate MVA rating for the
unit.

ApparentP
ower

None

Reduce

Attribute will be used to mark
generators on low voltage
systems that should be reduced
and attached directly to the
Transmission Level.

Boolean

FALSE

referencePriority

Priority of unit for reference bus
selection. 0 = don t care
(default) 1 = highest priority. 2
is less than 1 and so on.

Integer

None

remove

The equipment is removed from
the network.

Boolean

FALSE

removeEnable

The equipment can be removed
from the network.

Boolean

FALSE

RUC_Monitored

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which

Boolean

None
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process the devices is secured.

RUC_Secured

The Boolean flags to indicate
which process(s) monitor the
branch devices and by which
process the devices is secured.

Boolean

None

type

Modes that this synchronous
machine can operate in, i.e., as
a generator, condenser, or
both.

EnumSync
hronousMa
chineType

None

varManual

Manually entered MVAR
overrides capability curve.

Boolean

False

Positive sequence reactance of
the synchronous machine.

Reactance

0.12

x0

Zero sequence reactance of the
synchronous machine.

Reactance

0.05

xDirectSubtrans

Direct-axis subtransient
reactance, also known as X'd.

Reactance

None

xDirectSync

Direct-axis synchronous
reactance. The quotient of a
sustained value of that AC
component of armature voltage
that is produced by the total
direct-axis flux due to direct-
axis armature current and the
value of the AC component of
this current, the machine
running at rated speed. (Xd)

Reactance

None

xDirectTrans

Direct-axis transient reactance,
also known as X'd.

Reactance

None

xQuadSubtrans

Quadrature-axis subtransient
reactance, also known as X'q.

Reactance

None

xQuadSync

Quadrature-axis synchronous
reactance (Xq) , the ratio of the
component of reactive armature
voltage, due to the quadrature-
axis component of armature
current, to this component of
current, under steady state
conditions and at rated
frequency.

Reactance

None

XQuadTrans

Quadrature-axis transient
reactance, also known as X'q.

Reactance

None
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The required links for a SynchronousMachine are defined in the tableError! Reference source

not found. below.

Linkage Table for Synchronous Machines

Link Name

Description

Path Name

BaseVoltage

A link to a BaseVoltage is only necessary when
there is no VoltagelLevel container used. If a
VoltageLevel container is used the disconnector
will inherit a BaseVoltage from the
VoltageLevel.

Network/Base Voltage

MemberOf_Generati
ngUnit

A synchronous machine may operate as a
generator and such becomes a member of a
generating unit

Network/Weather_Zon
e/Substation/Resource
_Controller

AccuracyClass

LoadBasedRegulatio
nCurve

Terminal

Operatorship

The Operatorship link is used for permission
rights. The Operator of equipment has the right
to edit the equipment. An operator can only be
assigned by the creator or owner of the
equipment.

Network/Companies

Ownership

The Ownership link is used for permission
rights. The owner of equipment has editing and
administrative rights. An owner can only be
assigned by the creator of the equipment.

Network/Companies

InitiallyUsesMVArCa
pabilityCurve

This link defines the default
MVArCapabilityCurve for use by a
SynchronousMachine. The instance of the
MVArCapabilityCurve should be created by the
user.

Network/Weather_Zon

e/Substation/Voltage

Level/Synchronous_M
achine

32.2 MODELING COMBINED CYCLE PLANT

This section concentrates on the modeling of combined cycle plants in the ERCOT CIM model,
Instances of type CombinedCyclePlant, LogicalConfiguration, Configuration, TransState and
ConfigurationMember are utilized when modeling a CombinedCyclePlant. Figure 56 —Combined
Cycle with parent/child associations labeled. below shows a complete CombinedCyclePlant as
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modeled in IMM hierarchy, with parent/child associations labeled. As can be seen in figure a
CombinedCyclePlant named _ SUB_CC is modeled under the ResourceController, RC. All
GeneratingUnits that are part of __SUB_CC are modeled within the ResourceController RC as
well. The following sections will describe the modeling of each of these classes in detail.

/3 (22_1) - Information Model Manager - Microsoft Internet Explorer [_ 5]
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Figure 56 —Combined Cycle with parent/child associations labeled.

32.2.1 Modeling Approach for Combined Cycle Plant

The ERCOT CIM data dictionary defines a CombinedCyclePlant as a set of combustion turbines
and steam turbines where the exhaust heat from the combustion turbines is recovered to make
steam for the steam turbines, resulting in greater overall plant efficiency. Figure 57 — Modeled
Combined Cycle Plant with parent/child association labeled. above shows a Combined Cycle
Plant modeled in IMM, with parent/child associations labeled. Notice the presence of a
Pseudoterminal under the CombinedCyclePlant, SUB_CC. This psuedoterminal does not connect
to into the network topology and is solely utilized for the purpose of readily displaying
SCADA/ICCP telemetry being provided for the CombinedCycplePlant. Modeling of
Pseudoterminals is described in detail in that section.
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2 (22_1) - Information Model Manager - Micrasolt Internet Explorer [_[5]
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Figure 57 — Modeled Combined Cycle Plant with parent/child association labeled.
32.2.1.1 Attributes
The attributes for a CombinedCyclePlant are shown in the table below.
Attribute Table for Combined Cycle Plants
Attribute Description Data Type Default | Sample
Value Data
TEID Transmission Element ID Integer Auto-
populated
Date commercial None
commercialOperationsDate | operations started. Date
Logical resource node None
LogicalResourceNodeName | name. String12
blockLoadTransfer Block load transfer. Boolean FALSE
combCyclePlantRating The combined cycle plant's | ActivePower None
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output rating, in MW

GstTpspiMax GstTpspiMax Float None
GstTpspiMin GstTpspiMin Float None
GtMax GtMax Float None
GtMin GtMin Float None
Latitude Latiitude coordinates. Float None
Local Name The localName is a human String None

readable name of the
object. It is only used with
objects organized in a
naming hierarchy. The
simplest naming hierarchy
has just one parent (the
root) giving a flat naming
hierarchy. However, the
naming hierarchy usually
has several levels, e.g.
Substation, VoltagelLevel,
Equipment etc. Children of
the same parent have
names that are unique
among them. If the
unigueness requirement
cannot be met
IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name

instead.
Longitude Longitude coordinates. Float None
Model Resource ID A Model Authority issues Integer None

mRIDs. Given that each
Model Authority has a
unique id and this id is part
of the mRID, then the
mRID is globally unique.

Path Name The pathname is a system
unique name composed
from all
IdentifiedObject.names in a
standard naming hierarchy
path from the object to the
root.
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qualificationStatus Qualification status. Boolean FALSE
resourceCategory Type of resource. String50 None
wfrmcer wifrmcr. Boolean FALSE
32.2.1.2 Linkage
The required links for a CombinedCyclePlant are defined in the table.
Linkage Table for Combined Cycle Plants
Link Name Description Path Name
Resource The Resource Controller link is used Network/ERCOT
Controller in order to associate a Combined Substations/Weather_Zone/Substation

Cycle Plant with its respective
Resource Controller

Operatorship

The Operatorship link is used for
permission rights. The Operator of
equipment has the right to edit the
equipment. An operator can only be
assigned by the creator or owner of
the equipment.

Network/Companies

Ownership

The Ownership link is used for
permission rights. The owner of
equipment has editing and
administrative rights. An owner can
only be assigned by the creator of the
equipment.

Network/Companies

32.2.2 Modeling Approach for Logical Configuration

The ERCOT CIM model utilizes an LogicalConfiguration as a collection of all configurations in a
combined cycle plant that operate with the same number of primary combustion turbines and
primary steam turbines. As mentioned earlier one or many LogicalConfiguration/s can be present
within a CombinedCyclePlant. - Figure 58 below shows one such CombinedCyclePlant as
modeled in IMM hierarchy with 2/3 logicalConfigurations, with parent/child associations labeled.
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2 (22_1) - Information Model Manager - Micrasolt Internet Explorer [_[5]
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Figure 58 — Modeled Logical Configuration with parent/child association.
32.2.2.1 Attributes

The attributes for a LogicalConfiguration are shown in the table below. Required attributes are
listed at the top of the table in bold text. Most of the Boolean values will have default values upon
creation. These values are listed in the table along with sample data for the field.

Attribute Table for Logical Configurations

Attribute Description Data Default | Sample
Type Value Data
Model A Model Authority issues mRIDs. Given that each Integer None
Resource | Model Authority has a unique id and this id is part
ID of the mRID, then the mRID is globally unique.
Path Name | The pathname is a system unigue name

composed from all IdentifiedObject.names in a
standard naming hierarchy path from the object to
the root.
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32.2.2.2 Linkage

The required links for a LogicalConfiguration are defined in the Error! Reference source not
found. below. The path name shows where the links can be found in the model. Definitions for
all of the links can be found by clicking on the help button at the bottom of the links screen.

Linkage Table for Logical Configurations

Link Name Description Path Name

Combined | The Combined Network/ERCOT
Cycle Cycle Plant link is Substations/Weather_Zone/Substation/Resource_Controller
Plant used in order to

associate Logical
Configuration a with
its respective
Combined Cycle
Plant

32.2.3 Modeling Approach for Configuration

The ERCOT CIM model utilizes instances of type Configuration to define the constituents and
operational characteristics of the various combinations of combustion turbines and steam turbines
a CombinedCyclePlant can operate with. IN the ERCOT model as mentioned in the earlier
sections, a configuration can be created under a LogicalConfigurtion only. Every configuration
must contain two (emergency & normal) RampRateCurves, and one/many
ConfigurationMembers. Modeling of RampRateCurves is covered in detail in Section . Within
a single CombinedCyclePlant, every configuration must be able to startup., shut down or
transition to/from other configuration in the same CCP. Figure 59 below shows a Combined Cycle
Plant modeled in IMM, with parent/child associations labeled.
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Figure 59 -- Modeled Configuration with parent/child associations labeled.

32.2.3.1 Attributes

The attributes for a Configuration are shown in the below.

Attribute Table for Configurations

[ & Cocalintranet
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Attribute Description Data Type | Default | Sample
Value Data
highReasonabilityLimit High reasonability limit. | ActivePower | None
High reasonability ramp
highReasonabilityRampRateLimit | rate limit. ActivePower | None
Hot-to-intermediate time None
hotintTime (Seasonal). Float
hotStartTime Hot start time. Float None
Intermediate-to-cold None
intColdTime time (Seasonal). Float
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intStartTime Intermediate start time. Float None
lowReasonabilityLimit Low reasonability limit. ActivePower | None
Low reasonability ramp None
lowReasonabilityRampRateLimit | rate limit. ActivePower
Maximum daily starts None
maxDailyStarts (seasonal parameter). Float
maxONTime Maximum On-Line time. Float None
Maximum weekly None
energy (seasonal
maxWeeklyEnergy parameter). Float
Maximum weekly starts None
maxWeeklyStarts (seasonal parameter). Float
minOFFTime Minimum Off-Line time. Float None
mMinONTime Minimum On-Line time. Float None
primaryConfiguration Primary configuration? Boolean FALSE
qualificationStatus Qualification status. Boolean FALSE
Seasonal maximum None
seasonalMaxEmergencyRating | emergency rating. ActivePower
Seasonal maximum None
seasonalMaxSustainableRating | sustainable rating. ActivePower
Seasonal minimum None
seasonalMinEmergencyRating emergency rating. ActivePower
Seasonal minimum None
seasonalMinSustainableRating | sustainable rating. ActivePower
coldStartTime Cold Start Time Float None
Model Resource ID A Model Authority Integer None

issues mRIDs. Given
that each Model
Authority has a unique
id and this id is part of
the mRID, then the

mRID is globaly unique.

Path Name

The pathname is a
system unigue name
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composed from all
IdentifiedObject.names
in a standard naming
hierarchy path from the
object to the root.

ShutdownFlag Determines whether a Boolean False
Combined Cycle Plant
can be shut-down in
this Logical
Configuration

StartupFlag Determines Whether a Boolean Flase
Combined Cycle Plant
can be started in this
Logical Configuration

32.2.3.2 Linkage
The required links for a Configuration are defined in the table below

Linkage Table for Configurations

Link Name Description Path Name

Logical The Network/ERCOT
Configuration | Combined Substations/Weather_Zone/Substation/Resource_Controller/Com
Cycle Plant bined_Cycle_Plant/
link is used
in order to
associate
Configuration
a with its
respective
Logical
Configuration

32.2.4 Modeling Approach for Trans State

The ERCOT CIM data dictionary uses instances of type TransState to define the available
transitions between the various configurations of a Combine Cycle Configurations. One/many
TransStates may be defined for every configuration within a CombinedCyclePlant. Every
transstate is defined as an uptransition when the total number of primary members in the To-
configuration are greater tha or equal to the same in the from configuration. Figure 60 below
shows a Trans State modeled in IMM, with parent/child associations labeled.
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Figure 60 -- Modeled Trans State with parent/child associations labeled.

32.2.4.1 Attributes

The attributes for a TransState are shown in the table below.

Attribute Table for Trans State

Attribute Description Data Default | Sample
Type Value Data
Model A Model Authority issues mRIDs. Given that Integer None

Resource ID | each Model Authority has a unique id and this

unique.

id is part of the mRID, then the mRID is globally

Path Name

to the root.

The pathname is a system unique name
composed from all IdentifiedObject.names in a
standard naming hierarchy path from the object

upTransition

Up Transition

Boolean False
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32.2.4.2 Linkage
The required links for a TransState are defined in the table below.

Linkage Table for Trans States

Link Name Description Path Name
ToConfig_Config | The next Configuration that Network/ERCOT
uration this configuration can traverse | Substations/Weather_Zone/Substation/Reso
into. urce_Controller/Combined_Cycle_Plant/Logi

c_Configyration

FromConfig_Co | The current Configuration in
nfiguration which this Trans State is
under.

32.2.5 Modeling Approach for Configuration Member

The ERCOT CIM data dictionary utilizes instances of type ConfigurationMember to identify the
ThermalGeneratingUnits that are a member of CCP Configuration instance along with their
operational nature (Steam/Gas Turbine) and primary/alternate status of the associated resource.
in the ERCOT CIM model, one/many configurationmembers can be defined within a
configuration. Figure 61 below shows a ConfigurationMember modeled in IMM, with parent/child
associations labeled.

©2009 Electric Reliability Council of Texas, Inc. 225



ERCOT Limited

A (22_1) - Information Model Manager - Microsoft Internet Explorer

NMMS: Modeling Guidelines

[ [5x]
Fle Edt Wew Insert Tools Help
[Zolu smaxia @ &[T |2
w5
General
= RDF Orphan Config @r-rum
@ &= other Data PowerCC
@& other Orphans
#-&= Contingencies_and_RASs
- List_Information
#-@= Model_Version_Information
£-& Network
# == Base Voltage
& = BranchGroup
Companies
- Contacts
DCTies
EPS_Meter
ERCOT Settlement Zones
ERCOT Texas Metwork
= 4 ERCOT Substations
2N WZ_COAST
=3 SUB
=% 1338
2 GEN_RC
=& _SUB CC
2@ 1GT - 0ST
=@ 1 +—  Configuration
wl  SUB CC 1 E
=l SUB_CC_1_N
= _ SUB_GEN_1 <€— Configuration Member
= _ SUB_GEN_2 +—— Configuration Member
&= 1-2
= 1-3
B 1GT - 1ST
=1L
33
a-3L
m-4E
=4E
ot o =
/&) Done [TIE[ [ [ N3 Localintranet
Figure 61 -- Modeled Configuration Member with parent/child associations labeled.
32.2.5.1 Attributes
The attributes for a ConfigurationMember are shown in the table below.
Attribute Table for Configuration Members
Attribute Description Data Default | Sample

Type Value Data

primary Configuration that it falls under.

Determines if this is the primary unit in the

Boolean | FALSE

steam Determines if this is a steam generating unit. Boolean | FALSE
Model A Model Authority issues mRIDs. Given that each | Integer None
Resource | Model Authority has a unique id and this id is part
ID of the mRID, then the mRID is globally unique.

Path Name | The pathname is a system unique name
composed from all IdentifiedObject.names in a
standard naming hierarchy path from the object to
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| the root. | |

32.2.5.2 Linkage
The required links for a ConfigurationMember are defined in the table below.

Linkage Table for Configuration Member

Link Name Description Path Name

ThermalGenerati | The link determines which Unit is Network/ERCOT
ngUnit the Configuration Member. Substations/Weather_Zone/Substation/R
esource_Controller/Thermal_Generating

_unit

Configuration The link determines under which Network/ERCOT
Confifguration this Configuration | Substations/Weather_Zone/Substation/R
Member falls into. esource_Controller/Combined_Cycle Pla

nt
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33 MODELING CONTROLLABLE LOAD RESOURCES AND LOAD
RESOURCES

33.1 MODELING APPROACH

The ERCOT CIM model defines a LoadResource as a load that is capable of providing Ancillary
Service to the ERCOT System. A ControllableLoadResource is a LoadResource capable of
controllably reducing or increasing consumption under dispatch control (similar to AGC) and that
immediately responds proportionally to frequency changes (similar to generator governor action).
Figure 62 and Figure 63 below show a Controllable Load Resource and Load resource
respectively in IMM, with parent/child associations labeled.
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Figure 62 — Modeled Controllable Load Resource with parent/child associations labeled.
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Figure 63 — Modeled Load Resource with parent/child associations labeled.
33.2 ATTRIBUTES

The attributes for both ControllableLoadResources and LoadResources are shown in the table
below.

Attribute Table for Controllable Load Resources and Load Resources

Attribute Description Data Type | Default Value | Sample | CL | LR
Data R

TEID Transmission Integer Auto- X X
Element ID populated

maxDeploymentT | Maximum Float None X
ime deployment time.

maxWeeklyEnerg | Maximum weekly Float None X X
y energy.

Minimum notice time Float None X X
minNoticeTime | (seconds).

rampRateSlopeD | Reasonability Limit Float None X
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ownLimit for Down Ramp Rate.
rampRateSlopeU | Reasonability Limit Float None X
pLimit for UP Ramp Rate.
Alias Name Free text name of the | String None X X
object or instance.
Determines if the Boolean False X X
device is a block load
blockLoadTransfer | transfer.
commercialOperati | Date commercial Date None X X
onsDate operations started.
The Boolean flags to X X
indicate which
process(s) monitor
the branch devices
and by which process
the devices is
DAM_Monitored | secured. Boolean FALSE
The Boolean flags to X X
indicate which
process(s) monitor
the branch devices
and by which process
the devices is
DAM_Secured secured. Boolean FALSE
height X X
idth X X
label height X X
label width X X
label xval X X
label yval X X
Latitude Latiitude coordinates. Float None X X
Regulating Float None X X
Frequency Bias as
loadFregBias MW per 0.1 Hz.
Frequency deviation Float None X X
deadband for Feed-
loadFregDevDead | Forward correction
band (in Hz).
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A 14 character load String14 None X X
ID used in ERCOT

loadld LFC.
ID of load's String18 None X X

loadSubStationld | substation.

The localName is a String None X X
human readable
name of the object. It
is only used with
objects organized in
a naming hierarchy.
The simplest naming
hierarchy has just
one parent (the root)
giving a flat naming
hierarchy. However,
the naming hierarchy
usually has several
levels, e.g.
Substation,
VoltageLevel,
Equipment etc.
Children of the same
parent have names
that are unique
among them. If the
uniqueness
requirement cannot
be met
IdentifiedObiject.local
Name shall not be

used, use
IdentifiedObject.nam
localName e instead.
Longitude Float None X X
Longitude coordinates.
maxDailyDeploym | Maximum daily Float None X X
ent deployments.
maxInterruptionTi | Maximum interruption Float None X X
me time.
Maximum power Float None X X
MaxPowerConsum | consumption for
ption resource.
maxWeeklyDeploy | Maximum weekly Float None X X
ment deployments.
mininterruptionTim Minimum Float None X X
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e

interruption time.

MinPowerConsum
ption

Minimum power
consumption for
resource.

Float

None

minRestorationTim
e

Minimum restoration
time.

Float

None

Model Resource
ID

A Model Authority
issues mRIDs. Given
that each Model
Authority has a
unique id and this id
is part of the mRID,
then the mRID is
globally unique.

Integer

None

OUSPriority

An Outage Scheduler
priority is included in
all
ConductingEquipmen
t classes except
BusbarSection and
TransformerWinding.

Integer

None

Path Name

The pathname is a
system unigue name
composed from all
IdentifiedObject.nam
es in a standard
naming hierarchy
path from the object
to the root.

psseid

Attribute will give
IMM modelers control
over the PSS®E ID
that the Topology
Processor uses to
properly name units,
loads, branches, and
transformers

String2

None

gualificationStatus

Qualification status.

Boolean

False

RelayType

Type of relay.

EnumRelay
Type

None

resourceCategory

Type of resource.

String50

None

RUC_Monitored

The Boolean flags to
indicate which
process(s) monitor
the branch devices

Boolean

False
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and by which process
the devices is
secured.

The Boolean flags to Boolean True X X
indicate which
process(s) monitor
the branch devices
and by which process
the devices is
RUC_Secured secured.

wfrmcer wfrmcr. Boolean FALSE X X

Table 1
33.3 LINKAGE

The required links for both ControllableLoadResources and LoadResources are defined in table
below.

Linkage Table for Controllable Load Resources and Load Resources

Link Name Description Path Name CLR | LR
HasA EnergyConsumer X X
HostControlArea X
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34.1.1 Modeling Approach

Owner Share Limits are used for GeneratingUnits, ControllableLoadResource or LoadResource.
OwnerShareLimit (OSL) is mainly used for modeling Jointly Owned Units (Split Generation Units).

A OwnerShareLimit is created for each Owner. If there are 3 owners for a unit then 3
OwnerShareLimits are created for that unit. Each OSL is associated to an Ownership record
which points to each of the owners.

At least one Ownersharelimit instance should be associated with every LoadResource,
ControllableLoadResource, ThermalGeneratingUnit, HydroGeneratingUnit, WindGeneratingUnit,
and NuclearGeneratingUnit.

34.1.2 Attributes

The attributes for an OwnerShareLimit are shown in the table below.

Attribute Table for Owner Share Limits

Attribute

Description

Data Type

Default
Value

Sample
Data

TEID

Transmission Element ID

Integer

Auto-
populated

highReasonabilityLimit

highReasonabilityLimit split
based on the ownership
percentage.

ActivePower

None

lowReasonabilityLimit

lowReasonabilityLimit split
based on the ownership
percentage.

ActivePower

None

Alias Name

Free text name of the object or
instance.

String

None

Latitude

Latiitude coordinates.

Float

None

localName

The localName is a human
readable name of the object. It
is only used with objects
organized in a naming
hierarchy. The simplest naming
hierarchy has just one parent
(the root) giving a flat naming
hierarchy. However, the
naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent
have names that are unique
among them. If the uniqueness
reguirement cannot be met

String

None
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IdentifiedObject.localName
shall not be used, use
IdentifiedObject.name instead.

Longitude

Longitude coordinates.

Float

None

maxWeeklyEnergy

Maximum weekly energy
(seasonal parameter) split
based on the ownership
percentage.

Float

None

Model Resource ID

A Model Authority issues
mRIDs. Given that each Model
Authority has a unique id and
this id is part of the mRID, then
the mRID is globally unique.

Integer

None

Path Name

The pathname is a system
unique name composed from
all IdentifiedObject.names in a

standard naming hierarchy

path from the object to the root.

34.1.3 Linkage

The required links for a OwnerShareLimits are defined in the table below.

Linkage Table for Owner Share Limits

Link Name

Description

Path Name

GeneratingUnit

Determines which
Generating Unit this
owner share limit
represents.

Network/ERCOT

Substations/Weather_Zone/Substation

EnergyConsumerRes
ource

Determines which

Controllable Load

Resource or Load
Resource this owner
share limit represents

Network/ERCOT

Substations/Weather_Zone/Substation/Volt

age_Level/Customer_Load

Operatorship

The Operatorship link is
used for permission rights.
The Operator of
equipment has the right to
edit the equipment. An
operator can only be
assigned by the creator or
owner of the equipment.

Network/Companies

Ownership

The Ownership link is
used for permission rights.
The owner of equipment
has editing and

Network/Companies
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administrative rights. An
owner can only be
assigned by the creator of
the equipment.
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35.1 MODELING APPROACH

In the ERCOT CIM model a FlowgateGroup is a grouping of flowgate elements. Flowgate groups

are modeled under the path Network/Flowgate in the model hierarchy. Figure below shows a

flowgate group in the model.

) (95_1) - Information Model Manager - Microsoft Internet Explorer = lﬂlﬂ
Fle Edt Vew Insert Took Help |
(e @smeax a5 &TIF @
=@ 95_1 Instances i - : :
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#
=
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BranchGroup
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@ Contacts
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8 ERCOT Settlement Zones
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@ ERCOT_Settlement_Hubs

@ FlowGate

@ @ BGLK4A-L_NORTMC <—— Flowgate Group
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- @@ McCamey NonThermal
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@ HostControlArea

«- @ NOIE_Load_Zones

& @ PrivateUseNetworks
@ Three Windinn Trancfarmers

H-H-H-H
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General | Attributes | Links |

Attributes  |Value
Name
Type Flowgate Group

_{BFOCA882-FATF-4D92-8D3D-D635
ROFID  [5456043E)

Thermal
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™ Non-blank only Help | Options |
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Figu

re 64 - FlowgateGroup
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The attributes for a FlowgateGroup are shown in the table below

Attribute Description Data Type Default Sample
Value Data
infB Impact Normalization Factor for Base Float None
Case
infC Impact Normalization Factor for Float None
Contingency
Alias Name | Free text name of the object or instance. String None
Default Default Limit DoubleFloat | None
Limit
Description | Description of the object or instance String None
Eligible Eligible Boolean
Local The localName is a human readable name of | String None
Name the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of the
same parent have names that are unique
among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName
shall not be used, use IdentifiedObject.name
instead.
Max States the Max Shadow price DoubleFloat | 99999
Shadow
Price
Model A Model Authority issues mRIDs. Given that | Integer Auto-
Resource each Model Authority has a unique id and populated
ID this id is part of the mRID, then the mRID is
globally unigue.
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String None

Path Name | The pathname is a system unique name

composed from all IdentifiedObject.names in

a standard naming hierarchy path from the

object to the root.
Rating Flowgate Group Rating Float None
Thermal Thermal limit Boolean False
Limit
TEID Transmission Element ID Integer Auto-

populated

35.3 LINKAGE

The required links for a series FlowgateGroup are defined in the table below.

Link Name

Description

Path Name

Monitored Group

List_Information/Monitored Groups

©2009 Electric Reliability Council of Texas, Inc.

239




ERCOT Limited NMMS: Modeling Guidelines

36 MODELING FLOWGATE ELEMENT

36.1 MODELING APPROACH

In the ERCOT CIM model a FlowgateElement is a market based element defining a region for
energy production. FlowgateElements are modeled under a flowgate group in the model
hierarchy. Figure below shows a flowgate element in the model.

a (95_1) - Information Model Manager - Microsoft Internet Explorer — ||:|"£I
Fle Edt View Insert Tooks Help [
[Felajswaxaln)| s TR |
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# @ Curves General | Attributes | Links |
# @ List_Information
#- @ Model_Version_Information Aftributes |Value
= @ Network Name BGLK4A-L_NORTMC
¥ @ Base Voltage Type Flowgate Group
& @ BranchGroup RDF ID _{BFOCAB82-FATF-4D92-8D3D-D635
#- @ Combined_Cycle_Plants 5456043E}
Companies Description |Thermal
@ Contacts

L
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ERCOT Texas MNetwork
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I} FTSW2A-BARL2A -«——— Flowgate Element
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Figure 65 - FlowgateElement

36.2 ATTRIBUTES

The attributes for a flowgate element are shown in the table below.

Attribute Description Data Type Default | Sample
Value Data
Biddable Biddable Boolean False
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endDate End Date Date None
monitored | Monitored Boolean False
rating Rating DoubleFloat | None
startDate Start Date Date None
Alias Free text name of the object or instance. String None
Name
Description | Description of the object or instance String None
Local The localName is a human readable name of | String None
Name the object. It is only used with objects

organized in a naming hierarchy. The

simplest naming hierarchy has just one

parent (the root) giving a flat naming

hierarchy. However, the naming hierarchy

usually has several levels, e.g. Substation,

VoltageLevel, Equipment etc. Children of the

same parent have names that are unique

among them. If the uniqueness requirement

cannot be met IdentifiedObject.localName

shall not be used, use IdentifiedObject.name

instead.
Max States the Max Shadow price DoubleFloat | None
Shadow
Price
Model A Model Authority issues mRIDs. Given that | Integer Auto-
Resource | each Model Authority has a unique id and populated
ID this id is part of the mRID, then the mRID is

globally unique.

String None

Path Name | The pathname is a system unique name

composed from all IdentifiedObject.names in

a standard naming hierarchy path from the

object to the root.
Positive Determines metered direction of EPS meter Boolean True
Flow In
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Principle Principle Element Boolean False
Element

36.3 LINKAGE

None
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37 MODELING OWNERSHIP

37.1 MODELING APPROACH

In the ERCOT CIM model an owner is assigned to each piece of equipment. The owner of the
equipment is given the right to edit the equipment, add instances under the equipment, and add
other owners or operators for the equipment. It is possible to have multiple owners for a single
piece of equipment. An owner must be created under a company and used as a link to a piece of
equipment.

; (83_2) - Information Model Manager - Microsoft Internet Explorer i = | Dlﬂ
Eile Edt View Insert Tocis Help |

fowseax s B &|IIE @

® 83_2Instances =
=@ General A /—— Single Editor - Edit Instance &
@ other Data Spectrum

PowerCC Network/Companies/ COMPANY_A/Owner

[l I T N T ey
DUl A pana

#-@ Contingencies_and RASs

s@Cuves General | Attributes | Links |
@@ List_Information
=@ Model_Version_Information Attributes  |Value
=@ Network Name
=@ Base Voltage Type Ownership
& @ BranchGroup RDF D _{8443E355-8C56-4792-8CA2-0C5449
Combined_Cycle_Plants EF06C4}
=@ Companies Description
= f _COMPANY_A«——— Company
@ Operator ! .
. ®{OIEE <«— Ownership | I™ Non-blank only Help | Options |
e LIJ

&loe LT Qs

Figure 66 - Ownership

37.2 ATTRIBUTES

The attributes for ownership are shown in the table below.

Attribute Description Data Type Default Sample
Value Data
Own Owner share percentage Float None
Percent
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Alias Free text name of the object or instance. String None
Name

Local The localName is a human readable name of | String None
Name the object. It is only used with objects

organized in a naming hierarchy. The simplest
naming hierarchy has just one parent (the
root) giving a flat naming hierarchy. However,
the naming hierarchy usually has several
levels, e.g. Substation, VoltagelLevel,
Equipment etc. Children of the same parent
have names that are unique among them. If
the uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used,
use ldentifiedObject.name instead.

Model A Model Authority issues mRIDs. Given that Integer Auto-
Resource | each Model Authority has a unique id and this populated
ID id is part of the mRID, then the mRID is

globally unique.

String None
Path The pathname is a system unique name
Name composed from all IdentifiedObject.names in
a standard naming hierarchy path from the
object to the root.
Penalty Determines metered direction of EPS meter Float None

Factor

37.3 LINKAGE

None

©2009 Electric Reliability Council of Texas, Inc. 244




ERCOT Limited NMMS: Modeling Guidelines

38 MODELING DC TIES

DC Tie is defined as a non-synchronous transmission interconnection between ERCOT and non-
ERCOT electric power systems. A DC Tie includes a DC Tie Load -- A Load used to represent
the withdrawal of power from the ERCOT System to a DC Tie and a DC Tie Resource-- A
Resource used to represent the injection of power into the ERCOT System from a DC Tie.

38.1 MODELING APPROACH

This section describes the approach for modeling a DCTie. This is one of the instances that is
modeled by ERCOT.

A DCTie needs to be contained only in the instance of class sysorphan (ERCOT Texas Network)

An example of a DC Tie DC_E is visible in the hierarchy view in the figure below.
The attribute DC Tie Zone name for DC tie should always match the name field

a {Realtime (RT)) - Information Model Manager - Microsoft Internet Explorer _ | I:llll

File Edit ¥ew Insert Tools Help |
EHEIEETE = k=
=@ Realtime (RT) Instances 4l

o-@ General Single Editor - Edit Instance (View Only)
other Data { Spectrum

iher Oroh PowerCC Network/ERCOT Texas Network/DC_E
.Omer Urpnans

- @ Contingencies_and R
@ Curves General | Atributes | Links |
@ List_Information

B
[
B
B
B
[
B

Model_Version_Inform Attributes |Value
=@ Metwiork Marme
=-@ Base Voltage Type DCTie
- @ BranchGrOUD RDF ID _ABF38TDFD-TTF3-4AB2-9E AE-BA4E 1FOG2ET5}
=@ Combined_Cycle_F Descrintion | NEMOTKERCOT Texas NetworkERCOT
=@ Companies BSCTIPLON |5\ b etationsi\Z_EASTAMWLSH
=-@@ Contacts
=@ EPS_Meter
=-@@ ERCOT Settlement
g

@ ERCOT Texas Netv—

e e e s T

< |

o (T[] @

Figure 67 - DcTie

=@ ERCOT Subst.ati .| ™ Mon-blank only Help | Options
4

38.2 ATTRIBUTES

The attributes for a DC Tie are shown in the table below.
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Attribute Description Data Type | Default
DC Tie Zone
name for DC DC Tie Zone name for DC tie. String
tie
Alias Name Free text name of the object or instance.
The localName is a human readable name of the object.
It is only used with objects organized in a haming
hierarchy. The simplest naming hierarchy has just one
Local Name parent (the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has several
levels, e.g. Substation, VoltageLevel, Equipment etc.
Children of the same parent have names that are unique
among them. If the uniqueness requirement cannot be
met IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.
Model A Model Authority issues mRIDs. Given that each Model
Authority has a unique id and this id is part of the mRID,
Resource ID ; :
then the mRID is globally unique.
The pathname is a system unique name composed from
Path Name all IdentifiedObject.names in a standard naming
hierarchy path from the object to the root.
38.3 LINKAGE
The required links for a DC Tie are defined in the table below.
Link Name Description Path Name
An IdentifiedObject belongs to a
IdentifiedObjectBelongs Modeling Authority Set for purposes

ToModelingAuthoritySet

of defining a group of data
maintained by the same Modeling
Authority.

TieCorridorPartOfDCTie

A Tie Corridor should be a Part of
the DC tie to identify the lines that
are part of the DC tie. This is a
required association

GeneratingUnitPartOfDCTie is a required reverse association. The Pseudo Generating Unit
created for the DC Tie must be associated a DCTie.

EnergyConsumerPartOfDCTie is a required reverse association. The Pseudo Load created for
the DC Tie must be associated a DCTie.
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39 MODELING CONTINGENCIES

Contingencies are modeled to study the “What-if” situations. They are defined on Lines,
PowerTransformers and generating units which are likely to affect the system reliability incase of
a forced outage. Network Security Analysis application is used to gauge its impact before they
occur and alert the operators to any potential overloads or serious voltage violations.

The initial load of base contingencies will be responsibility of ERCOT. These contingencies make
up a set of base contingencies. Changes to the list of base contingencies will be submitted by
Market Participants using SAMRs. ERCOT will approve or reject the SAMRs and notify the
Market Participant. The approved changes are added by ERCOT Staff to the Network Operations
Model via NOMCRs. The Information Model Manager (IMM) provides basic validation of the
equipment names/ID’s as the contingency is defined.

39.1 MODELING APPROACH FOR CONTINGENCY

In ERCOT CIM model, Contingency is defined as “An event threatening system reliability,
consisting of one or more Contingency Elements”.

The location of contingencies in the Network model is shown in the figure below. A new
Contingency can be added under the object called “Contingencies” by right mouse clicking on it
and selecting ‘New’. Note that duplicate names are not allowed in the model while creating an
instance. Complete the required attributes and links for the instance created. The attributes and
links for Contingencies are described in the following sections.
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Figure 68 - Hierarchy of Contingencies

39.1.1 Attributes

The following table shows the attributes and their descriptions for Contingencies.

. - Default | Sample
Attribute Description Data Type Value Data
Device Contin
Name Device Name. String100 gency
name
Station
Device . . _A
Type Device Type. String100 YEMR
138/69
Action Type | Action Type. String100
Qgg’: Contingency active mode. Enumeration Default
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Alias Name | Free text name of the object or instance. String _CB
Enable TRUE if Cascading contigency analysis
) Boolean FALSE
. needs to performed, default is FALSE.
Cascading
Enable _ o . _—
S T=enable F=disable dynamic redefinition. Boolean FALSE | FALSE
Redefinition
Enable SPS | T=enable F=disable SPS functions. Boolean FALSE | FALSE
. . . o Absolute 1/1/210 | 1/2/210
End Date Final Date this Contingency is in use. Date Time 0 0
Generation | The amount (in MW) of generation you expect Float 9999
Loss the contingency to lose.
Generator
Participatio | Short/Long. Enumeration normal
n Factor
Load Loss | The amount (in MW) of load you expect the Float 9999
contingency to lose.
The local Name is a human readable name of
the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one parent Station
(the root) giving a flat naming hierarchy. _A
Local Name However, the naming h|era_rchy usually has String 138/69
several levels, e.g. Substation, Voltage Level, transfor
Equipment etc. Children of the same parent mer
have names that are unique among them. If XFMR1
the uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used,
use ldentifiedObject.name instead.
Max States the Max Shadow price for a
Shadow . P Double Float | 99999 | 99999
) Contingency.
Price
Model A Model Authority issues mRIDs. Given that
Resource each Model Authority has a unigue id and this Strin 178523
D id is part of the mRID, then the mRID is 9 6
globally unique.
The pathname is a system unique name
Path Name composed from all IdentifiedObject.names in Strin
a standard naming hierarchy path from the 9
object to the root.
Probability | A number between 0 and 1. Contingencies Float 1
Of with a probability less than 0.5 are considered
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Occurrence | 'low probability' contingencies.
Process Use
Tvpe Contingency process type. Enumeration
yp Wide
Set to TRUE to force a partial refactorization
method when updating the matrices for the
contingency solution. The default is FALSE, in
Refractor this case the software will automatically _ Boolean EALSE
determine whether a factor update or partial
refactorization is more efficient for the
contingency being processed, and use the
most efficient method.
Response The time frame of response in seconds for the
. . . ) . Long Integer 1
Time components associated with this contingency.
RunFlag Run Flag. Boolean TRUE | TRUE
Start Date Stgrtmg Date this Contingency is expected to Date Time 1/1/200 | 1/1/200
be in use. 1 1

Table: Attributes for contingencies

39.1.2 Linkage

The following table shows the links for Contingencies.

Linkage Name Description Path Name

IdentifiedObjectBelongsTo | An Identified Object belongs to a Modeling
ModelingAuthoritySet Authority Set for purposes of defining a
group of data maintained by the same
Modeling Authority.

Contingency Links

39.2 MODELING APPROACH FOR CONTINGENCY ELEMENT

The ERCOT CIM model defines a ContingencyElement as an element of a system event to be
studied by contingency analysis, representing a change in status of a single piece of equipment.

Contingency element is modeled under the object type ‘Contingency’ as a child instance.
Duplicate names are not allowed for contingency elements. The location of the contingency
elements in the model tree is shown below.
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39.21 A

The following table shows the attributes and their descriptions for ContingencyElement.

|-[B TestInstances ﬂ
[ General

[ .other Data

(@@ .other Orphans

k=l

gencies_and_RASs

=@ Contingencies

*BCEPS _
o_Jn_pis <«—— Contingency

General | atrioutes | Links |

ingle Editor - Edit Instance

ec
Sp pé[pggw ncies_and_RASs/Contingencies/D_JN_BI5/ BIV340 CB

Attributes
Contingency Marme
Element Tyne

_BIV340_CB
_BIV350_CB w——
_JNJB00_CB

Yalue

Contingency Elemeant

_INJE10_CR ALE 10

_CTGL-2818

Description

_JMJB20_CH
_W0Z920_CB
_WO0Z930_CB

1 @ACS7D0BE-D40E-42B6-3CAB-ATADT
D_KGRNSS
D_KRWAPS
D_MBCHYS
D_OBTHWS
D_TH_KGA
D_\WF_TB2
D_\WOADKS
D_\WOADKS
DALMREMS
DALMRYSS

- Hierarchy for Contingency Elements

ttributes

Attribute Description Data Default | Sample
Type Value Data
Alias Free text name of the object or instance. String
Name
CB Fault | Indicates TRUE if this CB is included in post Boolean TRUE
contingency and related to CB fault due to the
dynamic redefinition logic.
Local The local Name is a human readable name of the String
Name object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy
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has just one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy usually
has several levels, e.g. Substation, Voltage Level,
Equipment etc. Children of the same parent have
names that are unigue among them. If the
unigueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.

Model A Model Authority issues mRIDs. Given that each String

Resource | Model Authority has a unique id and this id is part of 1785236
ID the mRID, then the mRID is globally unique.

Path The pathname is a system unique name composed | String

Name from all IdentifiedObject.names in a standard

naming hierarchy path from the object to the root.

Status The status of contingency element, i.e. Open/Close | Boolean | TRUE | TRUE
for Switch, Removed or not for other conducting
equipment. Status = TRUE for an OPEN Switch or
Removed conducting equipment.

Contingency Element Attributes
39.2.2 Linkage

The following table shows the links for Contingency Element.

Linkage Name Description Path Name

An Identified Object belongs to a Modeling
IdentifiedObjectBelongsTo | Authority Set for purposes of defining a group of
ModelingAuthoritySet data maintained by the same Modeling
Authority.

Con_tmgencyEIementHasA The equipment to be studied Network/ERCOT
Equipment Texas Network

Contingency Element Links
39.3 MODELING APPROACH FOR CONTINGENCY GROUPS

ContingencyGroup is used for activation of groups of contingencies. Contingencies can belong to
multiple groups.

The following figure shows the location of the ContingencyGroups in the network model tree. A
new contingency group can be created under the object called “Contingency Groups” by right
mouse clicking on it and selecting ‘New'.
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Figure 70 - Hierarchy for Contingency Groups
39.3.1 Attributes
The following table shows the attributes and their descriptions for Contingency Groups.
Attribute Description Data Default | Sample
Type Value Data
Alias Free text name of the object or instance. String
Name
Local The local Name is a human readable name of the String
Name object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy
has just one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy usually
has several levels, e.g. Substation, Voltage Level,
Equipment etc. Children of the same parent have
names that are uniqgue among them. If the
unigueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
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IdentifiedObject.name instead.

Maintain This field sets whether the subsystems for the Boolean | TRUE | TRUE
Sub contingencies in this CTGGroup are maintained
Systems even though the group is inactive. When Maintain
Subsystems set ON, and Study is set OFF, CA
maintains the contingency local subsystems for
base case changes. If Maintain Subsystems is set
OFF and Study is set OFF, the subsystems are

deleted.
Model A Model Authority issues mRIDs. Given that each String 178523
Resource | Model Authority has a unique id and this id is part of 6
ID the mRID, then the mRID is globally unique.
Path The pathname is a system unique name composed | String
Name from all IdentifiedObject.names in a standard

naming hierarchy path from the object to the root.

Study T=activate the contigencies in the group. Boolean | TRUE | TRUE

Table: Contingency Group Attributes

39.3.2 Linkage

The following table shows the links for contingency groups.

Linkage Name Description Path Name

An Identified Object belongs to a Modeling
IdentifiedObjectBelongsTo | Authority Set for purposes of defining a
ModelingAuthoritySet group of data maintained by the same
Modeling Authority.

Contingency Group Links
39.4 MODELING APPROACH FOR CONTINGENCY GROUP MEMBERS

ContingencyGroupMembers are used to create many to many relationship between Contingency
and Contingency Group. These are the contingencies that are studied as a group.

The following figure shows the location of the Contingency Group Member in the network model
tree. A new contingency group member can be created under the object called “Contingency
Groups” by right mouse clicking on it and selecting ‘New’.
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Figure 71 - Hierarchy for Contingency Group Member

39.4.1 Attributes

The following table shows the attributes and their descriptions for Contingency Group Members.

Attribute

Description

Data
Type

Default
Value

Sample
Data

Alias Name

Free text name of the object or instance.

String

Local Name

The local Name is a human readable name of the
object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy
has just one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy usually
has several levels, e.g. Substation, Voltage Level,
Equipment etc. Children of the same parent have
names that are uniqgue among them. If the
uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.

String
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Model A Model Authority issues mRIDs. Given that each | String 178523
Resource ID | Model Authority has a unique id and this id is part 6
of the mRID, then the mRID is globally unigue.
Path Name | The pathname is a system unique name String
composed from all IdentifiedObject.names in a
standard naming hierarchy path from the object to
the root.
Study T=activate the contigencies in the group. Boolean | TRUE | TRUE
Contingency Group Member Attributes
39.4.2 Linkage
The following table shows the links for ContingencyGroups.
Linkage Name Description Path Name
ContingencyGroupMemb | Conteingency which is a member of this Contingencies_and_R
erHasAContingency group ASs /Contingencies

IdentifiedObjectBelongs | An Identified Object belongs to a Modeling
ToModelingAuthoritySet | Authority Set for purposes of defining a
group of data maintained by the same
Modeling Authority.

Contingency Group Member Links

©2009 Electric Reliability Council of Texas, Inc. 256




ERCOT Limited NMMS: Modeling Guidelines

40 MODELING REMEDIAL ACTION SCHEMES (RAS)

40.1 MODELING APPROACH

Remedial Action Schemes encompass Remedial Action Plans (RAP), Special Protection
Schemes (SPS), Remedial Action Plans Conditional (RAPC), and Mitigation Plans. All RASs are
in response to a specific Contingency.

Special Protection Schemes are automatic, relay controlled actions taken to relieve an overload
condition on one or more transmission elements. RAPs are manual corrective actions agreed
upon between ERCOT and Market Participants to be taken to relieve an overload condition on
one or more transmission elements. RAPCs are different from RAPs in that the corrective actions
only relieve the overload under a specific system condition. For example, if Line A is out of
service AND contingency X occurs, and then the RAPC is put into affect. If Line A is in-service
AND contingency X occurs, then the RAPC is not followed. Mitigation Plans are similar to RAPs,
except that Mitigation Plans can involve shedding of load.

40.2 MODELING APPROACH RAS

Changes to the base Remedial Action Schemes will be submitted by Market Participants through
PTC using a SAMR. ERCOT will approve or reject the SAMRs and notify the Market Participant.
The SAMR types for RAS include RAP, SPS, RAPC, and Mitigation Plans. The approved
changes are added by ERCOT Staff to the Network Operations Model using the NOMCR
process. The Information Model Manager (IMM) provides a basic level of validation.

Figure below shows the IMM hierarchy for an example RASs. An RAS has a Stage, the state of a
remedial action scheme, and a Trigger Condition, which is the set of gates that would logically
trigger the RAS.
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Figure 72 - RAS

Under the Stage is a Stage Trigger, or condition that is triggered within a stage. Under the Stage
Trigger is the Private Protective Actions, which are specific to a RAS trigger condition. Under the

Private Protective Actions, the

individual Private Actions are housed and can include any of the

actions listed in the table below.

Protective Action

Description

ProtActACLineSegment Protective action to put an ACLineSegment in-service/out-of-
service.

ProtActAnalog Base class for protective actions that are non-switching.

ProtActEnergyConsumer RAS protective action associated with a load instance.

ProtActSeriesCompensator

Protective action to put a series compensator in-service/out-of-
service.

ProtActStationReduction

Protective action to reduce station generation.

ProtActSwitch

Protective action to move a switch.

ProtActSynchronousMachine

Protective action to change output of a synchronous machine.

ProtActTransformerWinding

Protective action to put a TransformerWinding in-service/out-of-

©2009 Electric Reliability C

ouncil of Texas, Inc. 258




ERCOT Limited

NMMS: Modeling Guidelines

service.
ProtectiveAction Base class for a protective action for RAS.
ProtectiveActionShared Protective actions that can be shared among triggers.

The collection of RAS logical Gates are housed under the Trigger Condition. Each Gate can
have various Pin inputs listed in the table below.

PinType

Description

GatelnputPin

Input pin for a special protection scheme gate.

PinBranchGroup Branch flow summation input pin for RAS.

PinFlow Network solution flow input pin for RAS.

PinGate Input pin that maps to a Gate for RAS.

PinSwitch Input pin that maps to network solution switch status for RAS.
PinTriggerCondition Input pin that maps to a TriggerCondition for RAS.
PinVoltage Input pin that maps to a network voltage for RAS.

40.2.1 Attributes

Class Attributes and Linkage tables have been combined wherever possible and when the
classes are close in proximity to each other within the Network Model hierarchy. The table below
lists the attributes for Remedial Action Schemes. The default values populated will be used
unless changed by user. The required attributes are shown bolded.

. . Default | Sample
Attribute Description Data Type value Data
Active User specified active Boolean False
iSRAP This is a remedial action plan (RAP) Boolean False
iSRAS This is a remedial action scheme (RAS) Boolean False
AliasName | Free text name of the object or instance. String None RAS 12

The Local Name is a human readable name
LocalName | of the object. It is only used with objects String None RAS_ab
organized in a naming hierarchy. The
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simplest naming hierarchy has just one parent
(the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has
several levels, e.g. Substation, VoltageLevel,
Equipment etc. Children of the same parent
have names that are unique among them. If
the uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used,
use ldentifiedObject.name instead.

A Model Authority issues mRIDs. Given that

Model ; . . .
each Model Authority has a unique id and this
IFE)esource id is part of the mRID, then the mRID is Float None 123456
globally unique.
The pathname is a system unique name
composed from all IdentifiedObject.names in
PathName | & standard naming hierarchy path from the String None

object to the root.

40.2.2 Linkage

The following table shows the required links for Remedial Action Schemes.

Linkage Name Description Path Name
Belongs To (Contingency) | Links to specific Contingency. Contengencies_and_
RASs/
Contengencies/Cont_
Name

40.3 MODELING APPROACH RAS-STAGE, STAGE TRIGGER, PRIVATE
PROTECTIVE ACTIONS

A Remedial Action Schemes’ Stage, Trigger Condition, or set of gates that would logically trigger
the RAS, and Private Protective Actions, which are specific to a Trigger Condition share the same
attributes. Their attributes table has been combined but their Linkage tables remain separate.

40.3.1 Attributes
The table below lists the attributes for RAS-Stage, Stage Trigger, and Private Protective Actions.

The default values populated will be used unless changed by user. The required attributes are
shown bolded.

. i Default | Sample
Attribute Description Data Type value Data
AliasName | Free text name of the object or instance. String None STAGE
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12

LocalName

The Local Name is a human readable name
of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one parent
(the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has
several levels, e.g. Substation, VoltageLevel,
Equipment etc. Children of the same parent
have names that are unique among them. If
the uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used,
use ldentifiedObject.name instead.

String

None

STAGE_
ab

Model
Resource
ID

A Model Authority issues mRIDs. Given that
each Model Authority has a unique id and this
id is part of the mRID, then the mRID is
globally unique.

Float

None

123456

PathName

The pathname is a system unique name
composed from all IdentifiedObject.names in
a standard naming hierarchy path from the
object to the root.

String

None

40.3.2 Linkage for RAS-Stage

The following table shows the required links for a Stage.

Linkage Name Description

Path Name

BelongsTo

(ModelAuthoritySet)

Modeling Authority.

An Identified Object belongs to a Modeling
Authority Set for purposes of defining a
group of data maintained by the same

40.3.3 Linkage for RAS-Stage Trigger

The following table shows the required links for Stage Trigger.

Linkage Name Description

Path Name

TriggeredBy

Trigger Condition

Contingencies_and R
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ASs/RemedialActionS
chemes/RAS 1/TRIG

40.3.4 Linkage for RAS- Private Protective Actions

The following table shows the required links for Private Protective Actions.

Linkage Name Description Path Name
BelongsTo An Identified Object belongs to a Modeling
(ModelAuthoritySet) Authority Set for purposes of defining a

group of data maintained by the same
Modeling Authority.

40.4 MODELING APPROACH RAS-PROTECTIVE ACTION ACLINE SEGMENT,
SERIES COMPENSATOR, SWITCH, AND TRANSFORMER WINDING

Four types of Private Protective Actions do not directly include SCADA measurements include
those for ACLine Segments, Series Compensators, Switches, and Transformer Windings and
share the same attributes. Both their Attributes and Linkage tables are combined. For a
description of these classes, see section Modeling Approach RAS above.

40.4.1 Attributes
The table below lists the attributes for Protective Action ACLine Segment, Series Compensator,

Switch, and Transformer Winding. The default values populated will be used unless changed by
user. The required attributes are shown bolded.

Default | Sample

Attribute Description Data Type Value Data
inService Element put in service Boolean False
enableArming Boolean False

AliasName Free text name of the object or instance. String None PPA 12

The Local Name is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
LocalName hierarchy. However, the naming hierarchy | String None PPA ab
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
requirement cannot be met
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IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique id

Resource ID and this id is part of the mRID, then the Float None 123456
mRID is globally unique.
The pathname is a system unique name

PathName composed from all IdentifiedObject.names String None

in a standard naming hierarchy path from
the object to the root.

40.4.2 Linkage

The following table shows the required links for Protective Action ACLine Segment, Series
Compensator, Switch, and Transformer Winding.

Linkage Name Description Path Name
References (Transmission | References device that performs Network/ERCOT
Device), where Protective Action. Texas
Transmission Device is Network/ERCOT
either a Switch, ACLine Substations/WZ_NOR
Segment, ect... TH_CENTRAL/Sub/1

38/SWITCH_123

40.5 MODELING APPROACH RAS-PROTECTIVE ACTION ANALOG, ENERGY
CONSUMER, STATION REDUCTION, AND SYNCHRONOUS MACHINE

Four types of Private Protective Actions could include SCADA measurements include those for
Analogs, Energy Consumers, Station Reductions, and Synchronous Machines and share the
same attributes. Both their Attributes and Linkage tables are combined. For a description of
these classes, see section Modeling Approach RAS above.

40.5.1 Attributes
The table below lists the attributes for Protective Action Analog, Energy Consumer, Station

Reduction, and Synchronous Machine. The default values populated will be used unless
changed by user. The required attributes are shown bolded.

Default | Sample

Attribute Description Data Type Value Data
Action Value If no SCADA value, then is the value to Float None
reduce by
Action Value True, the action value is obtained from
Boolean False

from SCADA SCADA otherwise from actionValue
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attribute

Is Reduced To

If true, action is a 'reduce to' otherwise it is
a 'reduce by'.

Boolean

False

inService

Element put in service

Boolean

False

enableArming

Boolean

False

AliasName

Free text name of the object or instance.

String

None

PPA 12

LocalName

The Local Name is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
reguirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

String

None

PPA_ab

Model
Resource ID

A Model Authority issues mRIDs. Given
that each Model Authority has a unique id
and this id is part of the mRID, then the
mRID is globally unique.

Float

None

123456

PathName

The pathname is a system unique name
composed from all IdentifiedObject.names
in a standard naming hierarchy path from
the object to the root.

String

None

40.5.2 Linkage

The following table shows the required links for Protective Action ACLine Segment, Series
Compensator, Switch, and Transformer Winding.

Linkage Name Description Path Name
References (Element), References element that performs Network/ERCOT
where Element is either Protective Action. Texas
AnalogValue,EnergyConsu Network/ERCOT

mer, Substation, or
SynchronousMachine

Substations/WZ_NOR
TH_CENTRAL/Sub
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40.6 MODELING APPROACH RAS-PROTECTIVE ACTION AND PROTECTIVE
ACTION SHARED

The Protective Action class is the base class for the Remedial Action Scheme. Protective Action
Shared can be shared among triggers. These classes’ Attributes tables are combined.

40.6.1 Attributes

The table below lists the attributes for Protective Action. The default values populated will be
used unless changed by user. The required attributes are shown bolded.

Default | Sample

Attribute Description Data Type value Data
enableArming Boolean False
AliasName Free text name of the object or instance. String None PPA 12

The Local Name is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
LocalName usually has several levels, e.g. Substation, | String None PPA_ab
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unique among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique id

Resource ID and this id is part of the mRID, then the Float None 123456
mRID is globally unique.
The pathname is a system unique name

PathName composed from all IdentifiedObject.names String None

in a standard naming hierarchy path from
the object to the root.
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40.6.2 Linkage for RAS- Protective Action

The following table shows the required links for Protective Action.

Linkage Name Description Path Name

Armed By(DiscreteValue) Discrete Value

40.6.3 Linkage for RAS- Protective Action Shared

The following table shows the required links for Protective Action Shared.

Linkage Name Description Path Name

Armed By(DiscreteValue) Discrete Value

Has
(SharedProtectiveActions)

40.7 MODELING APPROACH RAS- TRIGGER CONDITION

A Trigger Condition is the set of gates that would logically trigger the RAS. The Gate class is
mentioned in the following section.

40.7.1 Attributes

The table below lists the attributes for a Trigger Condition. The default values populated will be
used unless changed by user. The required attributes are shown bolded.

Default | Sample

Attribute Description Data Type value Data

The Local Name is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of

LocalName String None PPA_ab
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the same parent have names that are
unique among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique id

Resource ID and this id is part of the mRID, then the Float None 123456
mRID is globally unique.
The pathname is a system unique name

PathName composed from all IdentifiedObject.names String None

in a standard naming hierarchy path from
the object to the root.

40.7.2 Linkage

The following table shows the required links for a Trigger Condition.

Linkage Name Description Path Name
Has Resulting (Gate) Gate Contingencies_and_R
ASs/RemedialActionS
chemes/RAS/TRG/GT

40.8 MODELING APPROACH RAS- GATE

The Gate class is a Special Protection Scheme gate which evaluates to Boolean. The types of
inputs available to the gate class are mentioned in the section that follows.

40.8.1 Attributes

The table below lists the attributes for a Gate. The default values populated will be used unless
changed by user. The required attributes are shown bolded.

Default | Sample

Attribute Description Data Type Value Data

thresholdValue Threshold value for gate type of
(GE,GT,LE,LT,NE,EQ) with single gate Float
input
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Change Use change limit for voltages Boolean False
Threshold '
Emergency Use the branch emergency limit as
Threshold threshold. Boolean False
atetype Gate Type Enum
gatetyp ype. GateType
level Level of the gate. Integer 0
- 0
limitPercentage Percentage of the limit. 90% should Float
enter 90.
Loadshed Use the branch loadshed limit as Boolean False
Threshold threshold.
lowerThreshold Use lower limit (for FlowSummation and Boolean False
voltage).
normalThreshold | Use the branch normal limit as threshold. | Boolean False
upperThreshold Use upper limit (for FlowSummation and Boolean False
voltage).
useLimit Use the branch limit as threashold value, Boolean False
Threshold otherwise use Gate::thresholdValue.
The Local Name is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming
hierarchy usually has several levels, e.g. .
LocalName Substation, VoltageLevel, Equipment String None PPA_ab
etc. Children of the same parent have
names that are uniqgue among them. If
the uniqueness requirement cannot be
met IdentifiedObject.localName shall not
be used, use IdentifiedObject.name
instead.
A Model Authority issues mRIDs. Given
Model Resource | that each Model Authority has a unique
ID id and this id is part of the mRID, then Float None 123456
the mRID is globally unique.
The pathname is a system unique name
composed from all
PathName IdentifiedObject.names in a standard String None
naming hierarchy path from the object to
the root.
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40.8.2 Linkage

The following table shows the required links for a Gate.

Linkage Name Description Path Name
Belong An IdentifiedObject belongs to a Modeling
To(ModelAuthoritySet) Authority Set for purposes of defining a

group of data maintained by the same
Modeling Authority.

40.9 MODELING APPROACH RAS- GATE INPUT PIN, PIN BRANCH GROUP, PIN
BRANCH GROUP, PIN GATE, PIN SWITCH, PIN TRIGGER CONDITION, AND
PIN VOLTAGE

Each Gate can have various Pin inputs including Gate Input Pin, Pin Branch Group, Pin Branch
Group, Pin Gate, Pin Switch, Pin Trigger Condition, and Pin Voltage. Their Attributes tables are
combined, but their Linkage tables are listed separately. Pin Flow is discussed in the following

section. For a description of these classes, see section 22.1.1 Modeling Approach RAS above.

40.9.1 Attributes

The table below lists the attributes for Gate Input Pin, Pin Branch Group, Pin Branch Group, Pin
Gate, Pin Switch, Pin Trigger Condition, and Pin Voltage. The default values populated will be
used unless changed by user. The required attributes are shown bolded.

Default | Sample

Attribute Description Data Type Value Data
Flow MVA If true the input is a MVA. Boolean False
Flow MVAR If true the input is a MVAR. Boolean False
Flow MW If true, the input is a MW. Boolean False
If true, input is negated first and then input
Negate to the gate. Only applicable to logical Boolean False
gates.
Use Absolute Use ab;olute value of input (only applies to Boolean False
Value analog inputs).
LocalName The Local Name is a human readable String None PPA_ab

name of the object. It is only used with
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objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

A Model Authority issues mRIDs. Given

Model that each Model Authority has a unique id
Resource ID and this id is part of the mRID, then the Float None 123456
mRID is globally unique.
The pathname is a system unique name
PathName _composed from aII. Iden_tlfledObJect.names String None
in a standard naming hierarchy path from
the object to the root.
40.9.2 Linkage for RAS- Gate Input Pin
The following table shows the required links for Gate Input Pin.
Linkage Name Description Path Name
BelongsTo An IdentifiedObject belongs to a Modeling | Contengencies_and_

(ModelAuthoritySet)

Modeling Authority.

Authority Set for purposes of defining a
group of data maintained by the same

RASs/

40.9.3 Links for RAS- Pin Branch Group

The following table shows the required links for Pin Branch Group. The path name shows where
the links can be found in the model. Definitions for all of the links can be found by clicking on the
help button at the bottom of the links screen.

Linkage Name Description Path Name
BelongsTo(BranchGroup) | Branch Group Network/BranchGroup
/N TO W
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The following table shows the required links for Pin Gate.
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Linkage Name

Description

Path Name

Has A (Gate)

Gate

Contingencies_and_R
ASs/RemedialActionS
chemes/ a/TC1/Gate

40.9.5 Linkage for RAS- Pin Switch

The following table shows the required links for Pin Switch. The path name shows where the
links can be found in the model. Definitions for all of the links can be found by clicking on the
help button at the bottom of the links screen.

Linkage Name Description Path Name
Has A (Switch) Switch Network/ERCOT
Texas
Network/ERCOT
Substations/WZ_COA
ST/SUB/138/DCS1
40.9.6 Linkage for RAS- Pin Trigger Condition
The following table shows the required links for Pin Trigger Condition.
Linkage Name Description Path Name
Has A (Trigger Condition) Trigger Condition Contingencies_and_R

ASs/RemedialActionS
chemes/RAS/TrigCon

40.9.7 Linkage for RAS- Pin Voltage

The following table shows the required links for Pin Voltage. The path name shows where the
links can be found in the model. Definitions for all of the links can be found by clicking on the
help button at the bottom of the links screen.
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Linkage Name

Description

Path Name

Has A (ConnectivityNode)

Connectivity Node

Network/ERCOT

Texas

Network/ERCOT
Substations/WZ_COA
ST/SUB/138/CN

40.10MODELING APPROACH FOR RAS-PIN FLOW

Each Gate can have various Pin inputs including Pin Flow. The other Pin classes, Gate Input
Pin, Pin Branch Group, Pin Branch Group, Pin Gate, Pin Switch, Pin Trigger Condition, and Pin
Voltage, are discussed in the section above. For a description of these classes, see section
22.1.1 Modeling Approach RAS above.

40.10.1

Attributes

The table below lists the attributes for Pin Flow. The default values populated will be used unless
changed by user. The required attributes are shown bolded.

: . Default | Sample
Attribute Description Data Type Value Data
Either End True if doing status input on a branch and Boolean False

want to check if either end is out.
Flow MVA If true the input is a MVA. Boolean False
Flow MVAR If true the input is a MVAR. Boolean False
Flow MW If true, the input is a MW. Boolean False
Input Is Flow If true, the input is a flow, otherwise it is Boolean False
branch status.
Into Bus Flow into the bus is positive. Boolean False
If true, input is negated first and then input
Negate to the gate. Only applicable to logical Boolean False
gates.
Out Of Bus Flow out of the bus is positive. Boolean False
Use Absolute Use ab§olute value of input (only applies to Boolean False
Value analog inputs).
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The Local Name is a human readable
name of the object. It is only used with
objects organized in a naming hierarchy.
The simplest naming hierarchy has just
one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
LocalName usually has several levels, e.g. Substation, | String None PPA_ab
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
reguirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.

A Model Authority issues mRIDs. Given
Model that each Model Authority has a unique id

Resource ID and this id is part of the mRID, then the Float None 123456
mRID is globally unique.
The pathname is a system unique name
PathName f:omposed from aII. Iden_t|f|edObject.names String None
in a standard naming hierarchy path from
the object to the root.
40.10.2 Linkage
The following table shows the required links for Pin Flow.
Linkage Name Description Path Name
Has A (Terminal) Terminal Network/ERCOT
Texas
Network/ERCOT
Substations/WZ_COA
ST/SUB/138/Device/T
erminal
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41 MODELING PRIVATEAREANETWORKS

41.1 MODELING APPROACH

In the ERCOT CIM model instance of type PrivateAreaNetwork are utilized for identifying
individual GeneratingUnits that are Retired, Mothballed or Non-MarketParticipating (Non-Modeled
Generation), pseudo Generation/Loads that are modeled to represent BlockLoadTransfers, loads
that are part of a Self Serving Entity and to identify Load and/or GeneratingUnits that form a
Private Use network. This modeling distinction is defined by the enumerated attribute
networkType (labeled as “Type of Private Use Network” in IMM).

Figure below shows a PrivateAreaNetwork named _PrivteAreaNetwrk A in the IMM hierarchical
view. Also visible are the various types of Private Use Networks that can be defined.

3 {Test) - Information Model Manager - Microsoft Internet Explorer

File | Edt Wiew Insert Tools Help |
ERCIRE Y PN ER =
=@ TestInstances -
[ General Single Editor - Edit Instance
B other Data @m ] ]
4= other Orphans PowerCC Network/PrivateAreaNetworks’ _ PrivteAreaNetwk_A
[ Contingencies_and_RASs
£ List_Information
- Model_version_Infarmation General Aftributes |L\nks|
= Metwark "
(572 Base Voltage Attributes Value
- BranchGraup Gl e
(= Companies Local Mame
2 EaniEEE hodel Resource ID
o= DCTies Path Nam.e
[/ EPS_Meter Type of Private Use MNetwaork j
-7 ERCOT Settlemant Zones Black Load Transfer narmally excluded from ERCOT
. Block Load Transfer narmally included in ERCOT
[ EIROU TEER LR Mothballed Generation
-7 ERCOT_FlowGates Mon-Modeled Generation
#-w= ERCOT_Setflement_Hubs Frivate Use Network
-/ HostCaontrolArea Retired Generation
#-w= MOIE_Load_fanes Self Serving Load
- Planning_Groups
¢ PrivateAreabletworks [~ Non-blank anly Help | Options |
) __ Privtefreahletwl_g& <€—— PrivateAreaNetwork Ll
&] Done [ BT | | [&JLocalintranet v
Figure 73 - IMM hierarchical view of a PrivateAreaNetwork as modeled in the ERCOT model.
41.2 ATTRIBUTES
The attributes for PrivateAreaNetwork are shown in the table below.
. o Sample
Attribute Description Data Type Default Datg
Type of Private Use Describes the Type of Private . Retired
yp yp Enumeration | None -
Network Use Network Generation
The localName is a human
readable name of the object. It is .
Local Name . . ject. String None XYZ
only used with objects organized
in a naming hierarchy. The
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simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are uniqgue among
them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

A Model Authority issues mRIDs.
Given that each Model Authority
Model Resource ID has a unique id and this id is part String None 123
of the mRID, then the mRID is
globally unigue.

The pathname is a system unique

Path Name name composed from all
IdentifiedObject.names in a String None XYZ

standard naming hierarchy path
from the object to the root.

Free text name of the object or

Alias Name ;
instance.

String None XYz

41.3 LINKAGE

The required links for PrivateAreaNetworks are defined in the table below.

Link Name Description Path Name

An IdentifiedObject belongs to a
Modeling Authority Set for purposes of
defining a group of data maintained by

the same Modeling Authority.

Belongs To
(ModelingAuthoritySet)
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42 MODELING BRANCH GROUP

42.1 MODELING APPROACH

BranchGroup is defined as Directed Sum of terminal Flows. These groups are defined by
operations for monitoring secure MW flows between different transfer areas.

This section describes the approach for modeling a BranchGroup. This is one of the instances
that is modeled by ERCOT.A BranchGroup needs to be contained only in the instance of class

sysorphan (BranchGroup)

An example of a BranchGroup N_TO_H is visible in the hierarchy view in the figure.

7} (Realtime (RT)) - Information Model Manager - Microsoft Internet Explorer —10lxl
File Edit Wiew Insert Tools Help |
g c|lalls=ex ass=es
=@ Realtime (RT) Instances 2

o-@ General Single Editor - Edit Instance (View Only)
other Data { Spectrum

:

[
Network/BranchGroup/LARIMP

=@ other Orphans PowerCC .

=@ Contingencies_and_R.

- @ List_Information General |Attributes| Links |

e

Model_Yersion_Inform

=@ Network Attributes | Value
- @ Base Voltage Narme

=@ BranchGroup Type BranchGroup

&-@ LARIMP ROFID | 2234631434893700755

""" 2967 | | |Description [LAREDO IMPORT
----- FALFU_|ARE

----- FREER_LARI
----- NLA_ASH

----- WORMS_ZAF
E-@N_TO H

----- _OBXGCA9

..... 6041::"—'\ = ™ Mon-blank only Help | Options

4| | 3

|&] Done l_ l_ l_ l_ l_ | @ Trusted sites 4

Figure 74 - BranchGroup
42.2 ATTRIBUTES

The attributes for a BranchGroup are shown in the table below.

Attribute Description Data Type | Default
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Description Description of the object or instance String
Monitor Active Monitor active power. ( True or False) Boolean True
Power
Monitor
Reactive Monitor Reactive power. ( True or False) Boolean False
Power
Alias Name Free text name of the object or instance. String
Eligible Eligible Flag Boolean False
The localName is a human readable name of the
object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy has
Local Name just one parent (the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has several Strin
levels, e.g. Substation, VoltageLevel, Equipment etc. 9
Children of the same parent have names that are
unigue among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName shall not be
used, use IdentifiedObject.name instead.
Max Shadow States the Max Shadow price for a BranchGroup. Double
. 99999
Price Float
Maximum . . Double
Active Power Maximum Active Power Float 0
Maximum , Double
MVAR Maximum MVAR Float
: : Double
Maximum MW | Maximum MW Float 0
Maximum Double
Reactive Maximum Reactive Power 0
Float
Power
Minimum - . Double
Active Power Minimum Active Power Float 0
Minimum - Double
MVAR Minimum MVAR Float
Minimum MW | Minimum MW Double 0
Float
Minimum Double
Reactive Minimum Reactive Power 0
Float
Power
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Model
Resource ID

A Model Authority issues mRIDs. Given that each
Model Authority has a unique id and this id is part of the | String
mRID, then the mRID is globally unigue.

The pathname is a system unique name composed
Path Name from all IdentifiedObject.names in a standard naming String
hierarchy path from the object to the root.

Transmission

Element ID Transmission Element ID Integer
42.3 LINKAGE
The required links for a BranchGroup are defined in the table below.
Link Name Description Path Name

An IdentifiedObject belongs to a
IdentifiedObjectBelongs Modeling Authority Set for purposes

ToModelingAuthoritySet

of defining a group of data
maintained by the same Modeling
Authority.

MonitoredMemberOfMon
itoredGroup

Branch Group Member of
MonitoredGroup

List_Information/Monitored
Groups/ISO

BranchGroupReferences
Terminal

BranchGroupReferencesTerminal

BranchGroupReferences
InverseTerminal

BranchGroupReferencesinverseTer
minal
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43 MODELING BRANCH GROUP TERMINAL

43.1 MODELING APPROACH

BranchGroupTerminal is defined as Directed terminal flow to add into BranchGroup. This is one
of the instances that is modeled by ERCOT.A BranchGroupTerminal needs to be contained only
in the instance of class BranchGroup.

An example of a BranchGroupTerminal 2967 is visible in the hierarchy view in the below figure.

a {Realtime (RT)) - Information Model Manager - ¥ |9 phezwada -8 x y ;I_I:

Bile Edit Wiew Insert Tools Help

FRAEIEE I ER R
= Realtime (RT) Instances = . . . ) =
=88 General /— Single Editor - Edit Instance (View Only) :
=@ other Data Spectrum
o8 ofher Orphans PowerCC Network/BranchGroup/LARIMP/2967
=@ Contingencies_and_RASS
=@ List_Information General |Atmbutes| Links|
=@ Model_Yersion_Information
=@ MNetwork Aftributes  |Value

a-@ Base Voltage Mame
—-@ BranchGroup Type BranchGroupTerminal

=@ LARMP ROF ID _5353917141306615521
. Description

@ FALFU_LARED_1D
@@ FREER_LARED_1A
@ NLA_ASH
@ WORMS_ZAPAT 1A
=@ N_TO H
@ _OBXGCY9
- 240_A
@ 260_A

KDOLRMNSTS
- N_TO W
H-@S TO H
H-@@ S TO N
E
E

@@ VALIMP

@ W_TO_N

(@ Companies

o[ Contacts

@ DCTies

o8 EFS_Meater _Ij I~ Won-blank anly Help Options
| 3

SR O =

4

Figure 75 - BranchGroupTerminal
43.2 ATTRIBUTES

The attributes for a BranchGroupTerminal are shown in the table below.

Attribute Description Data Type | Default
Description Description of the object or instance String
Alias Name Free text name of the object or instance. String
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Local Name

The localName is a human readable name of the object.
It is only used with objects organized in a naming
hierarchy. The simplest naming hierarchy has just one
parent (the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has several
levels, e.g. Substation, VoltageLevel, Equipment etc.
Children of the same parent have names that are
unigue among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName shall not be

used, use IldentifiedObject.name instead.

String

Model
Resource ID

A Model Authority issues mRIDs. Given that each
Model Authority has a unique id and this id is part of the | String

mRID, then the mRID is globally unique.

Path Name

The pathname is a system unique name composed
from all IdentifiedObject.names in a standard naming String

hierarchy path from the object to the root.

Positive Flow
In

Positive Flow In

Boolean

43.3 LINKAGE

The required links for a BranchGroupTerminal are defined in the table below.

Link Name Description Path Name
An IdentifiedObject belongs to a
IdentifiedObjectBelongs (I\)/]Ico ddeef:m?]éA;tggSg gfe é;?; purposes
ToModelingAuthoritySet maintained by the same Modeling
Authority.
Network/ERCOT Texas

BranchGroupTerminalRe | BranchGroupTerminalReferencesT

ferencesTerminal

erminal

Network/ERCOT-AC
Lines/138/2967/1/2967 B
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44 MODELING ENDCAP

44.1 MODELING APPROACH

EndCap is defined as a cap to terminate the line or device

An example of an ENDCAP_8010 is visible in the hierarchy view in the figure.

| 3 (E40CAP) - Information Mode Manager - Vicro> N phezva - 8 x -Iol
Fle Edt Wiew Insert Tools Help
ERICIEE S TEN e
=@ ENDCAP Instances = . ) .
5@ General /_ Single Editor - Edit Instance &
=@ .ather Data Spectrum
- @ other Orphans PowerCL g3&Zﬂﬁiﬁ_&ﬁ#ﬁmg%cnoch_ﬂu1u
=@ Contingencies_and_RASS
=@ List_Information Genaral |Attributes| Links|
=@ Model_Wersion_Information
=@ Network Attributes  Value
=@ Base Voltage Marme
& @ BranchGroup Type EndCap
=@ Companies RDF ID _d54d5f29-588c-433d-ad57-h 397 TBEA112f
+ tacts Description
=-@ DCTies
@ EPS_Meter
=@ ERCOT Settlement Zones
=@ ERCOT Texas Network

=@ ERCOT Substations
E WZ_COAST
2IE AL

= 138

-0 TER_ENDC
= 69
=3E AD
B-iL AE
[ZI--% _AF B ™ Mon-blank only Help Options
J _— '
Figure 76 - EndCap
44.2 ATTRIBUTES
The attributes for an EndCap are shown in the table below.
Attribute Description Data Type | Default
Description Description of the object or instance String
Alias Name Free text name of the object or instance. String
DAM The Boolean flags to indicate which process(s) monitor Boolean
Monitored the branch devices and by which process the devices is
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secured.

DAM secured

The Boolean flags to indicate which process(s) monitor
the branch devices and by which process the devices is
secured

Boolean

Latitude

Latiitude coordinates

Float

Local Name

The localName is a human readable name of the
object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy has
just one parent (the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has several
levels, e.g. Substation, VoltagelLevel, Equipment etc.
Children of the same parent have names that are
unigue among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName shall not be
used, use IdentifiedObject.name instead.

String

Longitude

Longitude coordinates

Float

Model
Resource ID

A Model Authority issues mRIDs. Given that each
Model Authority has a unique id and this id is part of the
mRID, then the mRID is globally unigue.

String

OUS Priority

An Outage Scheduler priority is included in all
ConductingEquipment classes except BusbarSection
and TransformerWinding.

Long Int

PSSE ID

Attribute will give IMM modelers control over the
PSS®E ID that the Topology Processor uses to
properly name units, loads, branches, and
transformers.

String

Path Name

The pathname is a system unique name composed
from all IdentifiedObject.names in a standard naming
hierarchy path from the object to the root.

String

Phases

Describes the phases carried by a conducting
equipment. Possible values { ABCN , ABC, ABN, ACN,
BCN, AB, AC, BC, AN, BN, CN, A B,C, N}

String

RUC
Monitored

The Boolean flags to indicate which process(s) monitor
the branch devices and by which process the devices is
secured.

Boolean

RUC Secured

The Boolean flags to indicate which process(s) monitor
the branch devices and by which process the devices is
secured

Boolean

Remove

The equipment is removed from the network

Boolean

Remove
Enable

The equipment can be removed from the network in the
EMS

Boolean
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Transmission

Transmission Element ID

Integer

Element ID

44.3 LINKAGE

The Required links for an EndCap are defined in the table below.

Link Name Description Path Name
BaseVoltage A link to a BaseVoltage is only Network/Base Voltage

necessary when there is no
VoltageLevel container used. If a
VoltageLevel container is used the
disconnector will inherit a
BaseVoltage from the Voltagelevel.

Operatorship

The Operatorship link is used for
permission rights. The Operator of
equipment has the right to edit the
equipment. An operator can only
be assigned by the creator or owner
of the equipment.

Network/Companies

Ownership

The Ownership link is used for
permission rights. The owner of
equipment has editing and
administrative rights. An owner can
only be assigned by the creator of
the equipment.

Network/Companies
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45 MODELING TIECORRIDOR

45.1 MODELING APPROACH

TieCorridor is defined under a SubLoadArea and is linked to a TieLine

An example of a TieCorridor 10_A is visible in the hierarchy view in the figure.

/) (ENDCAP) - Information Model Manager - Micros W phezwada - 8 % 1 =18 x]

File Edit View Insert Tools Help ‘

FRAEEEEEOEREEEE
B EMDCAP Instances -

General /— Single Editor - Edit Instance fut)
: ectrum
gmg:: gfgians Sp Paﬁrercc Schedules/Load Area Schedules/ERCOTAVXZEASTA0_A

=@ Contingencies_and RASs
&8 List_Information General| Atributes Links |
Model_Version_Information
-8 Metwork Associations Value
= Schedules Belongs To (ModelingAuthoritySet)

& Day Types Connects From {HostControlArea) | NetworkiHostContralArea!ERCOT
-8 Load Area Schedules Connects To (SubLoadArea SchedulesiLoad Area SchedulesIERCOTMXZNRTHC
=-@ ERCOT HostControlArea MetworkiHostControlArealERCOT

-8 WXZCOAST Orphan Root
£ @ WXZEAST Tie Coridor Part Of (DCTie)
10_A TeCarndor Networ/ERCOT Texas NetworklERCOT-AC

Lines/345/10_AMM0_A_AMO_A

- 4 3

----- % ?TQJ\ = [~ Mon-blank anly Help | Options |
4 | 3
/8] Done | E—‘ [ [ @ rusted sices
distart| [ & © > i~ NMMS-Micru..‘l [{|2 Microsoft .. -| & Citrix Access | (213 Microsaft .., ~| [®3citenic. - W unttled - Paint | ¢ Micrasaft Excu.l £ winzip - Mad.., | [9]@® - P 10:31 A0

Figure 77 - TieCorridor

45.2 ATTRIBUTES

The attributes for a TieCorridor are shown in the table below. Required attributes are listed at the
top of the table in bold text.

Attribute Description Data Type | Default

Description Description of the object or instance String
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Alias Name Free text name of the object or instance. String
The localName is a human readable name of the
object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy has
Local Name just one parent (the root) giving a flat naming hierarchy.
However, the naming hierarchy usually has several Strin
levels, e.g. Substation, VoltagelLevel, Equipment etc. 9
Children of the same parent have names that are
unique among them. If the uniqueness requirement
cannot be met IdentifiedObject.localName shall not be
used, use IdentifiedObject.name instead.
Maximum MW
Inflow Alarm Maximum MW Inflow Alarm Limit Float
Limit
Maximum MW
Outflow Alarm | Maximum MW Outflow Alarm Limit Float
Limit
Model A Model Authority issues mRIDs. Given that each
Resource ID Model Authority has a unique id and this id is part of the | String
mRID, then the mRID is globally unigue.
The pathname is a system unique name composed
Path Name from all IdentifiedObject.names in a standard naming String
hierarchy path from the object to the root.
Tie ID Tie ID Integer
Tie is Internal Tie is Internal ? Boolean
Transmission .
Element ID Transmission Element ID Integer

45.3 LINKAGE

The Required links for a TieCorridor are defined in the table below. The path name shows where
the links can be found in the model. Definitions for all of the links can be found by clicking on the
help button at the bottom of the links screen.

Link Name

Description

Path Name

TieCorridorConnectsFro
mHostControlArea

To side of the Tie Corridor

Network/HostControlArea/ERC
oT

TieCorridorConnectsToS
ubLoadArea

SubLoad Area the Tie corridor
connects to

Schedules/Load Area
Schedules/ERCOT/WXZNRTH
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C

TieCorridorConnectsToa
HostControlArea

From Side of the Tie Corridor

Network/HostControlArea/ERC
oT
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46.1 MODELING APPROACH

PermissionArea is modeled under sysOrphan “Permission Areas” as a child instance.
PermissionArea is used to define valid areas of responsibility for SCADA measurements. The
Permission Areas currently defined and used in the ERCOT CIM model are, AL, COMMS, EAST,

ECAR, ERCOT, GEN, NORT, SOUT, and SYSTEM.

Figure below shows the parent/child hierarchy of a PermissionArea in IMM.

‘@ .General

‘@ .other Data

.other Orphans

‘@ Contingencies_and_RASs

Curves

‘@ List_Information

Accumulator Names

«-(@ Accuracy Classes

+ (@ AlternateLimitSet

----- Analog Alarm Categories

+ (@ Analog Limit Names

«-(@ Analog Names
@ Analog Rate Limit Names

----- Calculation Trigger Timers
Command Names

«-(@ Conversion Tables

Discrete Alarm Categories

=@ Discrete Names

+ (@ Discrete Type

=@ Functions

+ @ GenerationType

------- GenericEquipmentType
ICCP Quality Conversion

----- Limit Alarm Categories

----- Load Types
MeasurementValueSource

«-(@ Monitored Groups

=@ Permission Areas

<— PermissionArea

GEN

NORT

SouT

SYSTEM

Bl

Single Editor - Edit Instancs
¢ Spectrum

PowerCC List_Information/Permission Areas

General |Attributes| Links |

Attributes (Value

Name
Type PermissionArea
RDF ID _{C0548D12-8AA0-4C27-!

4-C9BD9227EF91}

Description

Figure 78 - Hierarchy for PermissionArea

46.2 ATTRIBUTES

The attributes for a PermissionArea are shown in the table below.

Attribute Description Data Type R/e;ﬁ;gt Sgr;\tgle
Alias . . .
Name Free text name of the object or instance. String None
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Local
Name

The localName is a human readable name
of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of
the same parent have names that are
unigue among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be

used, use ldentifiedObject.name instead.

NMMS: Modeling Guidelines

String

None

Model
Resource
ID

A Model Authority issues mRIDs. Given that
each Model Authority has a unique id and
this id is part of the mRID, then the mRID is
globally unique.

Path
Name

The pathname is a system unique name
composed from all IdentifiedObject.names in
a standard naming hierarchy path from the

object to the root.

String

None

46.3 LINKAGE

None.
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47.1 MODELING APPROACH

Group of similar days, e.g., Mon/Tue/Wed, Thu/Fri, Sat/Sun, Holidayl, Holiday2.

[ General
|$| &= .other Data

.other Orphans PowerCC Schedules/Day Types/Sunday
Contingencies_and_RASs
List_Information
[ Model_Version_Information General |A|tl1buhes| I.lnks'
[ Network
-/ Schedules Attributes  Value
e Name
Type DayType
ROF ID _DayType-Sunday
Description

&= Weekend
&1/ Load Area Schedules
[ /5 ERCOT

I ]
{ Spectrum

Single Editor - Edit Instance

™ Non-bl:
|
Figure 79 - DayType
47.2 ATTRIBUTES
Attribute Description Data Type | Default
Alias Name | Free text name of the object or instance. String
Description | Description of the object or instance. String
End Time Time daytype ends Time
Fri Flag Indicates whether Friday is included in this Day Type. Boolean
Local Name | The localName is a human readable name of the object. It | String
is only used with objects organized in a naming hierarchy.
The simplest naming hierarchy has just one parent (the
root) giving a flat naming hierarchy. However, the naming
hierarchy usually has several levels, e.g. Substation,
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VoltageLevel, Equipment etc. Children of the same parent
have names that are unique among them. If the
unigueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.
Model A Model Authority issues mRIDs. Given that each Model String
Resource Authority has a unique id and this id is part of the mRID,
ID then the mRID is globally unigue.
Mon Flag Indicates whether Monday is included in this Day Type. Boolean
Path Name | The pathname is a system unique name composed from all | String
IdentifiedObject.names in a standard naming hierarchy
path from the object to the root.
Sat Flag Indicates whether Saturday is included in this Day Type. Boolean
Start Time Time daytype starts
Sun Flag Indicates whether Sunday is included in this Day Type. Boolean
Thurs Flag | Indicates whether Thursday is included in this Day Type. Boolean
Tues Flag Indicates whether Tuesday is included in this Day Type. Boolean
Wed Flag Indicates whether Wednesday is included in this Day Type. | Boolean
47.3 LINKAGE

There are no required links.
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48 MODELING APPROACH FOR LOADTYPE

48.1 MODELING APPROACH

Container for shared attributes for loads of the same type.

@ General
@)@ other Data
@ = other Orphans
= Contingencies_and_RASs
E-fe List_Information
- Accuracy Classes
[ AlternateLimitSet
[ == Analog Alarm Categories
[ /= Analog Limit Names
[ /= Analog Names
- Calculation Trigger Timers
[ = Conversion Tables
[ = Discrete Alarm Categories
[ /= Discrete Names
@@ DiscreteType
@@ Functions
[ == GenerationType
= = ICCPQualityConversionSets
[ /= Limit Alarm Categories
(== Load Types

 Spectrum

Single Editor - Edit Instance

PowerCC List_Information/Load Types/TYPE

Attibutes | Links |

Attributes | Value

Nameg

Type LoadType

RODF ID _6320219521816318835
Description

& TYPE

= == MeasurementType
[ /= Monitored Groups
= Permission Areas

@ Seasons

[ = Set Point Names

= = Site

@b Types

- Units
@l Model_Version_information
= Network
= Schedules

™ Mon-blan|

Figure 80 - LoadType
48.2 ATTRIBUTES

Attribute Description Data Type | Default
Alias Name | Free text name of the object or instance.
Description | Description of the object or instance.
exp P Load watts are proportional to (V*WVEXP)*(F*WFEXP).
Frequency
exp P Exp P Voltage.
Voltage
exp Q Load vars are proportional to (V**RVEXP)*(F**RFEXP).
Frequency
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exp Q Exp Q Voltage.

Voltage

Initial Time | The initial time on the cooling characteristic in seconds.

Local Name | The localName is a human readable name of the object. It
is only used with objects organized in a naming hierarchy.
The simplest naming hierarchy has just one parent (the
root) giving a flat naming hierarchy. However, the naming
hierarchy usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of the same parent
have names that are unique among them. If the
uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.

Maximum The maximum value that the load could be scaled by upon

Scaling its reconection.

Model A Model Authority issues mRIDs. Given that each Model

Resource Authority has a unique id and this id is part of the mRID,

ID then the mRID is globally unique.

Path Name | The pathname is a system unique hame composed from
all IdentifiedObject.names in a standard naming hierarchy
path from the object to the root.

48.3 LINKAGE

There are no required links.
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49 MODELING APPROACH FOR SUBLOADAREA

The class is the second level in a hierarchical structure for grouping of loads for the purpose of

load flow load scaling.

[ General

7 7= .other Data

= .other Orphans

= Contingencies_and_RASs
= List_Information

< Model_Version_Information

./ Schedules

( Spectrum

PowerCC

Single Editor - Edit Instance
Schedules/Load Area Schedules’'ERCOT/WXZCOAST

General | atributes | Links |

Attributes

|value

5 Doy Types TN cconsl
(=)@ Load Area Schedules Type fLCnaches
o = ERCOT ROF ID _7480330934993135178
TP Description

[ WHXZWEST

] W Load Based Regulation Curves
Eiﬁ. Phase Shifter Impedance Curves
@)@ Regulation Schedules

™ Non-bl:
Figure 81 - SubLoadArea
49.1 ATTRIBUTES
Attribute Description Data Type | Default
Alias Name | Free text name of the object or instance.
Description | Description of the object or instance.
Forecast Forecast enabled.
Enabled
Local Name | The localName is a human readable name of the object. It
is only used with objects organized in a naming hierarchy.
The simplest naming hierarchy has just one parent (the
root) giving a flat naming hierarchy. However, the naming
hierarchy usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of the same parent
have names that are unique among them. If the
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uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.

Model A Model Authority issues mRIDs. Given that each Model
Resource Authority has a unique id and this id is part of the mRID,
ID then the mRID is globally unique.

Path Name | The pathname is a system unique hame composed from

all IdentifiedObject.names in a standard naming hierarchy
path from the object to the root.

49.2 LINKAGE

There are no required links.
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50 MODELING APPROACH FOR SEASON

50.1 MODELING APPROACH

A specified time period of the year, e.g., Spring, Summer, Fall, Winter. Season Types may be
defined with starting and ending month and day. All defined season types must make up one
year.

RajuTest Instances

|

@ @ General Single Editor - Edit Instance

-4 other Data ( Spectrum

@ other Orphans PowerCC List_Information/Seasons/@![#{839D13FF-F2AAADES-AB79 6BA043D
@ /@ Contingencies_and_RASs

= ist_Information

& (@ Accuracy Classes Atiiutes | Links |
| @ AltenatelimitSet
| [ /= Analog Alarm Categories
. [ /= Analog Limit Names

| @ Analog Names Type Season
;] i'. Calculation Trigger Timers RDF IF) : _7032228139957427630
| [ /= Conversion Tables Description

| [ = Discrete Alarm Categories

. @ = Discrete Names

| @ = DiscreteType

. [ == Functions

. [ /= GenerationType

. @ = ICCPQualityConversionSets

@ /= LimitAlarm Categories

. @ = Load Types

[ = MeasurementType

. [ /= Monitored Groups

. @ /= Permission Areas

. B /= Seasons
: &'- @IF{40FSCT31-B207-44F 3-85E2-DAT TEES3BE(
: Ji'- (@I[#{839013FF-F 2AA-40E8-AB7 3-6BAS043DAD[

Ji'- @IFC4FOEITIS-DOAC-4415-BATD-5E347 T EE
I Ji'- @I OBSBE4F 4-93FD-4035-A518-F20A6C33DF
. [# /= SetPaoint Names
[ = Site

@ Types

. @& Units =

= Model_VYersion_Infarmation

[ = Network =l [~ Non-blank

Figure 82 - Season

50.2 ATTRIBUTES

Attribute Description Data Type | Default
Alias Name | Free text name of the object or instance. String
Description | Description of the object or instance. String
End Date Date season ends. Time

Local Name | The localName is a human readable name of the object. It | String
is only used with objects organized in a naming hierarchy.
The simplest naming hierarchy has just one parent (the
root) giving a flat naming hierarchy. However, the naming
hierarchy usually has several levels, e.g. Substation,
VoltageLevel, Equipment etc. Children of the same parent

©2009 Electric Reliability Council of Texas, Inc. 295




ERCOT Limited

NMMS: Modeling Guidelines

have names that are uniqgue among them. If the
uniqueness requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.
Model A Model Authority issues mRIDs. Given that each Model String
Resource Authority has a unique id and this id is part of the mRID,
ID then the mRID is globally unigue.
Path Name | The pathname is a system unique nhame composed from String
all IdentifiedObject.names in a standard naming hierarchy
path from the object to the root.
Season Name of the Season. String Winter
Name
Start Date Date season starts. Time
50.3 LINKAGE
There are no required links.
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51 MODELING PSEUDOTERMINAL

51.1 MODELING APPROACH

The pseudo terminal is defined to provide Ul support. The psuedoterminal does not connect to
into the network topology and is solely utilized for the purpose of readily displaying SCADA/ICCP
telemetry being provided for the equipment.

PsuedoTerminal shoud not be Associated to a connectivityNode.

Psuedoterminal should not be associated to a RegulatingconductingEquipment.

@ XL CHAMP Al

 ® 4L CHMPT Single Editor - Edit Instance
| B CHNDL ( Spectrum )
@ %E CHRNO PowerCC Network/ERCOT Texas Network/ERCOT Substations"WZ_EAST/C

- @ 4E cLkPMm

m-4E CLKPT
@ 4E CMBTP General | atiibutes | Links |

 w LE cNANG

Attributes | Value

@ LE chigs

. @ F oNTsw name RN
i ¥ CRKET Type GenericEquipment

. RDFID  |_6531246490741827087_GE

Description

@ 4E CRLKT
- miL cRLsP
@ XL CRYLK
. m&4E csETP
 w LE csHNG
@ 4L cssc
- 2AF csswes
 my1ae
7 B1
E‘.é@ B2
= 7
B a3
| ~~0 Kludge_Terminal
@ 4E cumey
@ 4E cumByY_RC
@ L DANSBY
- m4F pov
 w LE DELEK
@ 4L DoLAs
- m XL DALY
@ XL pIBoL
- = 4F DiBSP
- w LE pIBSW
@ LE pLPOI
| @3 EasT =l

I” Mon-blz

Figure 83 - PseudoTerminal

51.2 ATTRIBUTES

The attributes for a PseudoTerminal are shown in the table below.

Attribute Description Data | Default | Sampl
Type | Value | e Data
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Alias Name | Free text name of the object or instance.

Description | Description of the object or instance.

Edge Val edgeVal is a concatenation of all edge coordinates.

From X From X offset

offset

From X From X perm

perm

FromY From Y offset

offset

FromY From Y perm

perm

height height

label height | label height

label width | label width

label x co- label x co-ordinate

ordinate

label y co- label y co-ordinate

ordinate

Local The localName is a human readable name of the

Name object. It is only used with objects organized in a
naming hierarchy. The simplest naming hierarchy has
just one parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy usually has
several levels, e.g. Substation, VoltageLevel,
Equipment etc. Children of the same parent have
names that are unique among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be used, use
IdentifiedObject.name instead.

Model A Model Authority issues mRIDs. Given that each

Resource Model Authority has a unique id and this id is part of

ID the mRID, then the mRID is globally unigue.

Near Flag indicating whether the terminal is a near terminal
of a branch.

Path Name | The pathname is a system uniqgue name composed

from all IdentifiedObject.names in a standard naming
hierarchy path from the object to the root.
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PSS/E Bus | Store the PSS¢ E bus name that will be associated

Name with the grouping of Connectivity Nodes in Option 2.

PSS/E Bus | Attribute will be used to store the PSS¢ E bus number

Number that will be associated with the grouping of
Connectivity Nodes in Option 2.

To X offset | To X offset

To Xperm | To X perm

To Y offset | To Y offset

ToYperm | ToY perm

width width

X co- X co-ordinate

ordinate

y co- y co-ordinate

ordinate

51.3 LINKAGE

There are no required links for a PseudoTerminal.
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52 MODELING PLANNING OBJECTS

52.1 MODELING APPROACH FOR PLANNING AREA

The ERCOT CIM model defines a planning area as planning areas.

Planning areas are commonly used to designate sections of the network which represent control
areas between which there are scheduled flows. Planning areas will be pre-populated and

maintained by ERCOT in the IMM. This data may change with future planning area additions.

The each planning area name and PSS/E ID must be unique within the IMM. These values
cannot be duplicated. See figure below as an example.

a (2_Planning_Owner_Test) - Information Model Manager - Microsoft Internet Explorer

Flle Edit Wiew Insert Tools Help |

Boarzexas &[98 |2

- HostControlArea 4 . . : : %
=@ NOIE_Load_Zones /. Single Editor - Edit Instance (View Only)
Ha;gﬂgﬁgﬁii Speﬁéﬁgcg Network/Planning_Groups/PlanningAreas/AEN_TSP

..... AEN TSP #—— Flanning Area

""" AEP_TCC General - Attributes Links|

..... AP TNG

----- BEPC_TSP Aftributes Value

----- BPUB TSP Alias Name

----- BRYN TSP Local Name

""" CFE Wodel Resource ID

----- CNP_TSP PSSRE D 9 -+ PSSED

""" CPS_TsP Path Name

----- EaMEH

----- DC_EAST

----- DENTNTSP

----- GOLDEMNSPREAL

----- GOLDSMITH = :

ERE cRI NDTQT Llj el Help | Options
|&] Dane |_ |_ |_ |_ |_ @ Trusted sites 4

Figure 84 - PlanningArea

52.1.1 Attributes

Attribute Description Data Type Default Value | Sam
ple
Data
Alias Name Free text name of the object or String None
instance.
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Local Name

The localName is a human
readable name of the object. It is
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are unique among
them. If the uniqueness
reguirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

String

None

Model Resource
ID

A Model Authority issues mRIDs.
Given that each Model Authority
has a unique id and this id is part
of the mRID, then the mRID is
globally unigque.

Integer

Auto-
populated

PSS®E ID

Attribute will give IMM modelers
control over the PSS®E ID that
the Topology Processor uses to
properly name units, loads,
branches, and transformers

String

None

Path Name

The pathname is a system
unique name composed from all
IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

String

None

52.1.2 Linkage

There are no required links for Planning Area.

52.2 MODELING APPROACH FOR PLANNING ZONES

The ERCOT CIM model defines planning zones as planning zones.

Planners designate buses to specific zones allowing for additional subdivision of the network to
facilitate analyses and documentation.

The Planning zones will be pre-populated and maintained by ERCOT in the IMM. This data may
change with future planning zones additions.
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Each planning zone name and PSS/E ID must be unique within the IMM. These values cannot
be duplicated. See figure below as an example.

3 (2_Planning_Owner_Test) - Information Model Manager - Microsoft Internet Explorer

File Edit Miew Insert Tools Help |

R EREE=E
w0 @ ERCOT_FlowGates 4]

=@ ERCOT_Settlernent_ Hu

=@ HostControlArea @m
%@ NOIE_| oad_Zones PowerCC
&-@ Planning_Groups
PlanningAreas
=@ PlanningZones

Single Editor - Edit Instance (View Only)

Network/Planning_Groups/PlanningZones/ABILENE

General Links|

4

(i ABll—ENEﬂ—PIanningZ
ASPR MNT

@ ATHENS

AUSTIN

@ BALLINGR
BANDERA

m BAST-AEU
BASTROF

BIG SPRG
@ BLANCO
BPLIE

[E:

Attributes

Alias Name

Value

Local Name

Wodel Resource 1D

PSSEE D

432 - PSS/EIDD

Path Name

I~ Maon-blank only Options

Help |

|@ Done

l_ l_ l_ l_ l_ € Trusted sites

Figure 85 -

52.2.1 Att

PlanningZone

ributes

Attribute

Description

Data Type Default Value | S

D

am

ple

ata

Alias Name

instance.

Free text name of the object or

String None

Local Name

The localName is a human
readable name of the object. It is
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are unique among
them. If the unigueness

String None
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requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

Model Resource
ID

A Model Authority issues mRIDs.
Given that each Model Authority
has a unique id and this id is part
of the mRID, then the mRID is
globally unigque.

Integer

Auto-
populated

PSS®E ID

Attribute will give IMM modelers
control over the PSS®E ID that
the Topology Processor uses to
properly name units, loads,
branches, and transformers

String

None

Path Name

The pathname is a system
unique name composed from all
IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

String

None

52.2.2 Linkage

There are no required links for PlanningZones.

52.3 MODELING APPROACH FOR SUBCONTROLAREA

The ERCOT CIM model defines a SubcontrolArea as an area defined for the purpose of tracking
interchange with surrounding areas via tie points; may or may not serve as a control area. Right

now, the Load area schedules are the same field as subcontrol area. The subcontrol area is a
future area for data.

The subcontrol areas will be pre-populated and maintained by ERCOT in the IMM. This data may
change with future subcontrol areas additions.

The each Subcontrol area name and PSS/E ID must be unique within the IMM. These values

cannot be duplicated. See figure below as an example.
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&) (2_Planning_Owner_Test) - Information Model Manager - Micrusoft Interet Explorer

Fle Edi Wew Insert Tooks Help ‘

Be][d szex 5 s T8 )8
@ ERCOT Texas Networ 4 - | :
= BERCOT FlonGates K- Single Editor - Edit Instance (View Only)
2 EE&S;&%TEEE%LHUDS Sﬂeﬁé{:ﬂ-ﬂg Schedules/Load Area Schedules/ERCOT
- H&ERCOT
| HETEN General Atibutes |Links|

= BNOE Load Zones

wi Planning_Groups Attributes Value
& PrivateAraahletworks Alias Name
& 18 Privatelseletworks Forecast Enadled  |False
& 8 Three Winding_Transformers LacalName
£ Schedlles Model Resource D [1724313
= @ Day Types PSSRED 10— PEED
= Load Area Schedules B Narme
: B ERCOT —— Subeorio res
& B Load Based Regulation Curves _
8 Phase Shifier mpedance Curves ‘
& B Regation Schegu\es ~ s | Optors |

o T g

Figure 86 - SubcontrolArea

52.3.1 Attributes

Attribute Description Data Type Default Value | Sampl
e Data
Alias Name Free text name of the object or String None
instance.
Local Name The localName is a human String None

readable name of the object. It is
only used with objects organized
in a naming hierarchy. The
simplest naming hierarchy has
just one parent (the root) giving a
flat naming hierarchy. However,
the naming hierarchy usually has
several levels, e.g. Substation,
VoltageLevel, Equipment etc.
Children of the same parent have
names that are uniqgue among
them. If the uniqueness

©2009 Electric Reliability Council of Texas, Inc. 304




ERCOT Limited NMMS: Modeling Guidelines

requirement cannot be met
IdentifiedObject.localName shall
not be used, use
IdentifiedObject.name instead.

Model Resource A Model Authority issues mRIDs. | Integer Auto-

ID Given that each Model Authority populated
has a unique id and this id is part
of the mRID, then the mRID is
globally unigue.

PSS®E ID Attribute will give IMM modelers | String None
control over the PSS®E ID that
the Topology Processor uses to
properly name units, loads,
branches, and transformers

The pathname is a system String None
unigue name composed from all
Path Name IdentifiedObject.names in a
standard naming hierarchy path
from the object to the root.

52.3.2 Linkage

There are no required links to SubcontrolArea.
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APPENDIX A - VALIDATION RULES — REQUIRED FIELDS

This appendix lists all of the validation rules for attributes that must be defined for a specific class.
It also lists any validation for attributes that must be within a specific value range.

ClassName Attributes Required Range
AccumulatorLimit value X >=0

AccumulatorValue cstatus X

ACLineSegment r X >=-500 and <= 500
ACLineSegment X X >=-1000 and <= 1000
ACLineSegment teid X >=0 and <= 999999999
Address City X

Address PostalCode X

Address State X

Address Streetl X

AggregateHub hubCalculationMethod X

AirCompressor teid X >=0 and <= 999999999
AlternateLimit highLimit X

AlternateLimit lowLimit X

Analog teid X >=0 and <= 999999999
AnalogValue cstatus X

AreaReserveSpec lowerRegMarginReqt X >=0
AreaReserveSpec opReserveReqt X >=0
AreaReserveSpec primaryReserveReqt X >=0
AreaReserveSpec raiseRegMarginReqt X >=0
AreaReserveSpec spinningReserveReqt X >=0

BasePower basePower X

BaseVoltage nominalVoltage X >=0 and <= 1100
BasiclntervalSchedule startTime X
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BasicIntervalSchedule
BasicIntervalSchedule
Bay

BranchGroup
BranchGroup
BranchGroup
BranchGroup
BranchGroup
BranchGroupTerminal
Breaker

Breaker
BusbarSection
BWRSteamSupply
CAESPlant
CogenerationPlant
CombinedCyclePlant
CombinedCyclePlant
CombinedCyclePlant
CombustionTurbine
CommunicationLink
Company

Company

Company

Company

Company
CompositeSwitch

ConductingEquipment

valuelUnit

value2Unit

teid
maximumActivePower
maximumReactivePower
minimumReactivePower
monitorActivePower

teid

positiveFlowIn
InTransitTime

teid

teid

teid

teid

teid
LogicalResourceNodeName
teid

aliasName

teid

teid

companyType

DUNS

PrimaryPhone

teid

aliasName

teid

teid

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999
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Conductor

Configuration

Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration
Configuration

Configuration

Configuration

Configuration
Configuration
Configuration
ConformLoad
ConformLoad
ConformLoad

ConformLoad

teid
highReasonabilityLimit

highReasonabilityRamp
RateLimit

hotintTime
hotStartTime
intColdTime
intStartTime
lowReasonabilityLimit
lowReasonabilityRampRateLimit
maxDailyStarts
maxONTime
maxWeeklyEnergy
maxWeeklyStarts
mMinOFFTime
MiNONTime
primaryConfiguration

qualificationStatus

seasonalMaxEmergencyRating

seasonalMaxSustainableRating
seasonalMinEmergencyRating

seasonalMinSustainableRating
conformingLoadFlag

pfixedPct

pnomPct

powerFactor
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>=0 and <= 999999999
>= lowReasonabilityLimit

>=
lowReasonabilityRampRateLimit

<= intStartTime

<= coldStartTime

>=0

>= maxDailyStarts

<= maxONTime

>=
seasonalMinEmergencyRating

>=
seasonalMinSustainableRating
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ConformLoad
ConformLoad
ConformLoad
ConformLoadSchedule
ConformLoadSchedule
ConformLoadSchedule
ConformLoadSchedule

ConnectivityNode

ConnectivityNodeGroup
ConnectivityNodeGroup
Connector

Contact

Contact

Contact

Contact

Contact

Contact

Contact

Contact

Contingency

Contingency
ControlHouseEquipment
ControllableLoadResource
ControllableLoadResource
ControllableLoadResource

ControllableLoadResource

gfixed
gnomPct
teid
startTime
valuelUnit
value2Unit
aliasName

teid

PSSEBusNumber
teid

teid
EmailAddress
FirstName
LastName
PrimaryPhone
City
PostalCode
State

Streetl
DeviceName
DeviceType

teid

maxDeploymentTime

maxWeeklyEnergy

minNoticeTime

rampRateSlopeDownLimit

NMMS: Modeling Guidelines

X >=0 and <= 999999999

X >=0 and <= 999999999

X can not be between 9400-9999
and 94000-99999

X >=0 and <= 999999999

X >=0 and <= 999999999

X >=0 and <= 999999999
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ControllableLoadResource
ControllableLoadResource
ControllableLoadResource
ControllableLoadResource
ControllableLoadResource
ControllableLoadResource
ControllableLoadResource
ControllableLoadResource
CurrentRelay

Curve

Curve

Curve

Curve

CurveData

CurveData

CurveData

CustomerLoad
CustomerLoad
CustomerLoad
CustomerLoad
CustomerLoad
CustomerLoad

DayType

DayType

DayType

DayType

DayType

rampRateSlopeUpLimit
maxDailyDeployment
maxInterruptionTime
maxWeeklyDeployment
mininterruptionTime
minRestorationTime
teid

aliasName

teid

curveStyle

xUnit

y1Unit

y2Unit

xvalue

ylvalue

y2value
conformingLoadFlag
pfixedPct

pnomPct

gfixed

gnomPct

teid

FriFlag

MonFlag

SatFlag

SunFlag

ThursFlag

NMMS: Modeling Guidelines

>= mininterruptionTime

>= maxDailyDeployment

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

©2009 Electric Reliability Council of Texas, Inc.

311



ERCOT Limited

DayType
DayType
DCLineSegment
DCLineSegment
DCTie
Disconnector
Disconnector
Disconnector
Discrete
DiscreteValue
DrumBoiler
EndCap
EnergyConsumer
EnergyConsumer
EnergyConsumer
EnergyConsumer
EnergyConsumer
EnergyConsumer

EnergyConsumer
AltConnection

EnergyConsumerResource
EnergyConsumerResource
EnergyConsumerResource
EnergyConsumerResource
EnergyConsumerResource

EnergyConsumerResource

EPSMeter

EPSMeter

TuesFlag
WedFlag

r

teid
DCTieLZName
initiallyOpen
normalOpen
teid

teid

cstatus

teid

teid
conformingLoadFlag
pfixedPct
pnomPct
gfixed
gnomPct

teid

percentTransfer
maxDailyDeployment
maxInterruptionTime
maxWeeklyDeployment
mininterruptionTime
minRestorationTime
teid

AcceptedStatus

RID

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

<= mininterruptionTime

>= maxDailyDeployment

>=0 and <= 999999999

©2009 Electric Reliability Council of Texas, Inc.

312



ERCOT Limited

EPSMeter
Equipment
EquipmentContainer
EquivalentSource
ERCOTVersion
ERCOTVersion
ERCOTVersion
ERCOTVersion
ERCOTVersion
Feeder
FlowgateElement
FlowgateElement
FlowgateElement
FlowgateElement
FlowgateElement
FlowgateGroup
FlowgateGroup
FlowgateGroup
FossilSteamSupply
FrequencyConverter
FrequencyRelay
Fuse

Fuse

Fuse

Gate
GeneratingUnit

GeneratingUnit

teid

teid

teid

teid
ContactEmail
ContactPhoneNumber
date
ModelAdmin
version

teid

biddable
endDate
monitored
rating
startDate

infB

infC

teid

teid

teid

teid
initiallyOpen
normalOpen
teid
thresholdValue
coldStartTime

controlPulseHigh

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999
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GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

GeneratingUnit

GeneratingUnit

GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

GeneratingUnit

GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

GeneratingUnit

controlPulseLow
controlResponseRate
efficiency

fregBias
freqDevDeadband
governorMPL
governorSCD
highReasonabilityLimit

highReasonabilityRamp
RateLimit

hotintTime

hotStartTime

intColdTime

intStartTime
lowReasonabilityLimit
lowReasonabilityRamp RateLimit
maxDailyStarts
maximumOperatingMwW
maxONTime

maxWeeklyEnergy

maxWeeklyStarts

minimumOperatingMW
MinOFFTime
mMiNnONTime
modelDetail

penaltyFactor

NMMS: Modeling Guidelines

X >=(0.001 and <=2

X >= lowReasonabilityLimit

>=
X lowReasonabilityRampRateLimit

X <= intStartTime

X <= coldStartTime

X >=0

X equal to highReasonabilityLimit

X >= maxDailyStarts

equal to lowReasonabilityLimit

X <= maxONTime
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>=
GeneratingUnit seasonalMaxSustainableRating ~ x seasonalMinSustainableRating
GeneratingUnit seasonalMinEmergencyRating X

GeneratingUnit seasonalMinSustainableRating X

GeneratingUnit stepChange

GeneratingUnit teid >=0 and <= 999999999
GenericEquipment teid >=0 and <= 999999999

GenericUnderfrequency
Relay

GenericUnderfrequency
Relay

Ground
GroundDisconnector
GroundDisconnector
GroundDisconnector
HeatExchanger
HeatRecoveryBoiler
HostControlArea
HostControlArea
HostControlArea
HostControlArea
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit

HydroGeneratingUnit

relayDelayTime

teid

teid

initiallyOpen
normalOpen

teid

teid

teid
areaControlMode
forGeneration
forNetwork

teid
coldStartTime
controlPulseHigh
controlPulseLow
controlResponseRate
efficiency
fregBias

freqDevDeadband

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0.001 and <=1.2
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HydroGeneratingUnit

HydroGeneratingUnit

HydroGeneratingUnit

HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit

HydroGeneratingUnit

HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit

HydroGeneratingUnit

HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit
HydroGeneratingUnit

HydroGeneratingUnit

governorMPL

governorSCD

highReasonabilityLimit

highReasonabilityRampRateLimit
hotintTime

hotStartTime

intColdTime

intStartTime
lowReasonabilityLimit
lowReasonabilityRampRateLimit
maxDailyStarts
maximumOperatingMW
maxONTime

maxWeeklyEnergy

maxWeeklyStarts

minimumOperatingMW
mMinOFFTime
mMiNONTime
modelDetall

penaltyFactor

seasonalMaxSustainableRating
seasonalMinEmergencyRating

seasonalMinSustainableRating
stepChange

teid

NMMS: Modeling Guidelines

X
X
X >= lowReasonabilityLimit
>=
X lowReasonabilityRampRateLimit
X
X <= intStartTime
X
X <= coldStartTime
X >=0
X
X
X equal to highReasonabilityLimit
X
X
X >= maxDailyStarts
>=0 and <= 999 and equal to
X lowReasonabilityLimit
X
X <= maxONTime
X
X
>=
X seasonalMinSustainableRating
X
X
X
X >=0 and <= 999999999
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HydroPowerPlant
HydroPump
HydroTurbine
InductionMotorLoad
InductionMotorLoad
InductionMotorLoad
InductionMotorLoad
InductionMotorLoad

InductionMotorLoad

IrregularintervalSchedule
IrregularintervalSchedule

IrregularintervalSchedule

IrregularTimePoint
IrregularTimePoint
IrregularTimePoint
Jumper

Jumper

Jumper

Junction
LevelVsVolumeCurve
LevelVsVolumeCurve
LevelVsVolumeCurve
LevelVsVolumeCurve
Line

Load

Load

Load

teid

teid

teid
conformingLoadFlag
pfixedPct
pnomPct
gfixed
gnomPct
teid
startTime
valuelUnit
value2Unit
time

valuel
value2
initiallyOpen
normalOpen
teid

teid
curveStyle
xUnit
y1Unit
y2Unit

teid
conformingLoadFlag
pfixedPct

pnomPct

Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999
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Load
Load
Load

LoadBasedRegulation
Curve

LoadBasedRegulation
Curve

LoadBasedRegulation
Curve

LoadBasedRegulation
Curve

LoadBasedRegulation
Curve

LoadBreakSwitch
LoadBreakSwitch
LoadBreakSwitch
LoadDemandModel
LoadDemandModel
LoadDemandModel
LoadResource
LoadResource
LoadResource
LoadResource
LoadResource
LoadResource
LoadResource

LoadResource

MeasurementArgument

MeasurementValue

gfixedPct
gnomPct

teid

curveStyle

xUnit

y1Unit

y2Unit

aliasName
initiallyOpen
normalOpen

teid

startTime

valuelUnit
value2Unit
maxWeeklyEnergy
minNoticeTime
maxDailyDeployment
maxInterruptionTime
maxWeeklyDeployment
mininterruptionTime
teid

aliasName

referenceName

cstatus

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>= mininterruptionTime

>= maxDailyDeployment

>=0 and <= 999999999

Required if ReferenceFlag =

True
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MeasurementValueQuality
MeasurementValueQuality
MeasurementValueQuality
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
MeasurementValueSource
ModelVersion
ModelVersion
ModelVersion
MVArCapabilityCurve
MVArCapabilityCurve
MVArCapabilityCurve
MVArCapabilityCurve

MVArCapabilityCurve

hasCOV
hasQuality
hasTimestamp
biverAus
biverTay
BufferTime
defaultDataSetPeriod
GraceTime
iccpDomainAus
iccpDomainTay
IntegrityPeriod
Inkapp
MaxDisPerDataset
maxScanRate
protocolVersion
remoteldAus
remoteldTay
savecaseType
trsfr

date
information
version
curveStyle
xUnit

y1Unit

y2Unit

aliasName

NMMS: Modeling Guidelines
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NonConformLoad
NonConformLoad
NonConformLoad
NonConformLoad
NonConformLoad
NonConformLoad
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit

NuclearGeneratingUnit

NuclearGeneratingUnit

NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit

NuclearGeneratingUnit

conformingLoadFlag
pfixedPct

pnomPct

gfixedPct

gnomPct

teid

coldStartTime
controlPulseHigh
controlPulseLow
controlResponseRate
efficiency

fregBias
freqDevDeadband
governorMPL

governorSCD

highReasonabilityLimit

highReasonabilityRampRateLimit
hotintTime

hotStartTime

intColdTime

intStartTime
lowReasonabilityLimit
lowReasonabilityRampRateLimit
maxDailyStarts
maximumOperatingMW
maxONTime

maxWeeklyEnergy

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0.001 and <=1.2

>= lowReasonabilityLimit

>=
lowReasonabilityRampRateLimit

<= intStartTime

<= coldStartTime

>=0

equal to highReasonabilityLimit
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NuclearGeneratingUnit

NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit
NuclearGeneratingUnit

NuclearGeneratingUnit

maxWeeklyStarts
minimumOperatingMW
minOFFTime
minONTime
modelDetalil

penaltyFactor

NMMS: Modeling Guidelines

X >= maxDailyStarts
X equal to lowReasonabilityLimit
X
X <= maxONTime
X
X
>=

seasonalMinSustainableRating

NuclearGeneratingUnit seasonalMaxSustainableRating X

NuclearGeneratingUnit seasonalMinEmergencyRating X

NuclearGeneratingUnit seasonalMinSustainableRating X

NuclearGeneratingUnit stepChange X

NuclearGeneratingUnit teid X >=0 and <= 999999999
OwnerShareLimits highReasonabilityLimit X >= lowReasonabilityLimit
OwnerShareLimits lowReasonabilityLimit X

OwnerShareLimits maxWeeklyEnergy X

OwnerShareLimits teid X >=0 and <= 999999999
OwnerShareLimits aliasName X

OwnerShareRating teid X >=0 and <= 999999999
Ownership ownPercent X >= 0 and <= 100
Ownership teid X >=0 and <= 999999999
PenstockLossCurve curveStyle X

PenstockLossCurve xUnit X

PenstockLossCurve y1Unit X

PenstockLossCurve y2Unit X

PhaseShifterimpedance

Curve curveStyle X

PhaseShifterimpedance

Curve xUnit X

©2009 Electric Reliability Council of Texas, Inc.

321



ERCOT Limited

PhaseShifterimpedance

Curve

PhaseShifterimpedance

Curve

PhaseShifterimpedance

Curve
PhysicalTiePoint
PlanningBay

Plant
PowerCutZone
PowerSystemResource
PowerTransformer
PowerTransformer
PowerTransformer
PowerTransformer
PricingVector
PrimeMover
ProtectedSwitch
ProtectedSwitch
ProtectedSwitch
ProtectionEquipment
PseudoCompany
PWRSteamSupply
RampRateCurve
RampRateCurve
RampRateCurve
RampRateCurve
RampRateCurve

RampRateCurve

y1lUnit

y2Unit

aliasName
teid

teid

teid

teid

teid
bmagSat
transformerType
voltageSensitivity
teid

teid

teid
initiallyOpen
normalOpen
teid

teid

teid

teid
Emergency
curveStyle
xUnit
y1Unit
y2Unit

aliasName

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999
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Rating ratingType X
Rating TempPoint X
Rating forNetwork X
Rectifierinverter teid X >=0 and <= 999999999
RegularintervalSchedule startTime X
RegularintervalSchedule valuelUnit X
RegularintervalSchedule value2Unit X
RegulatingCondEq teid X >=0 and <= 999999999
RegulationSchedule startTime X
RegulationSchedule valuelUnit X
RegulationSchedule value2Unit X
RemedialActionScheme active X
RemedialActionScheme isSRAP X
RemedialActionScheme iSRAS X
RemoteUnit teid X >=0 and <= 999999999
Reservoir teid X >=0 and <= 999999999
ResourceController externalJointUnit X
ResourceController frequencyBias X
ResourceController gross X
ResourceController jointUnit X
ResourceController physical X
ResourceController teid X >=0 and <= 999999999
SeasonDayTypeSchedule  startTime X
SeasonDayTypeSchedule  valuelUnit X
SeasonDayTypeSchedule  value2Unit X
SeriesCompensator r X
SeriesCompensator X X
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SeriesCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
ShuntCompensator
StaticVarCompensator
StaticVarCompensator
StaticVarCompensator
StaticVarCompensator
StaticVarCompensator

StaticVarCompensator

teid

aVRDelay
maximumkV
minimumkV
nominalkV
nominalMVAr
switchingPriority
voltSensitivity
avrEnabled

teid

b
capacitiveRating
fixedMVAr
highVoltageChangeThreshold
inductiveRating

lowVoltageChangeThreshold

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>0

<0

<0

StaticVarCompensator maximumkV

StaticVarCompensator minimumkV
postContingencyMVARMax
>steadyStateMVARMax >
steadyStateMVARMin >

StaticVarCompensator steadyStateMVARMax X postContingencyMVARMiIn
postContingencyMVARMax
>steadyStateMVARMax >
steadyStateMVARMin >

StaticVarCompensator steadyStateMVARMIn X postContingencyMVARMiIn

StaticVarCompensator teid X >=0 and <= 999999999
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StationSupply
StationSupply
StationSupply
StationSupply
StationSupply
StationSupply
StationSupplyWRCurve
SteamSupply
SteamTurbine
SubControlArea
SubControlArea
Subcritical
SubGeographicalRegion
SubGeographicalRegion
Substation

Substation

Substation

Superecritical

Switch
SynchrocheckRelay
SynchronousMachine
SynchronousMachine
SynchronousMachine
SynchronousMachine
SynchronousMachine
SynchronousMachine

SynchronousMachine

conformingLoadFlag
pfixedPct
pnomPct

gfixed
gnomPct

teid

aliasName

teid

teid
ControlAreaNumber
teid

teid
isWeatherZone
aliasName
forNetwork
forScada

teid

teid

teid

teid

baseMVAr
inertia
maximumKV
maximumMVAr
minimumKV

minimumMVAr

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

if isWeatherZone=true

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 1100

>=0 and <= 1100
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SynchronousMachine
SynchronousMachine
SynchronousMachine
SynchronousMachine
SynchronousMachine
TapChanger
TapChanger
TapChanger
TapChanger
TapChanger
TapChanger
TapChanger
TapChanger
TapChanger

TapChanger

TapChanger
TapChanger
TapChanger
TapChanger
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit

ThermalGeneratingUnit

ratedMVA

X

xSubtrans
xTrans

teid
avrEnabled
awrEnabled
highStep
initialDelay
lowStep
maximumkV
minimumkV
neutralAngle
neutralKV

neutralStep

normalStep
stepVoltagelncrement
subsequentDelay

teid

coldStartTime
controlPulseHigh
controlPulseLow
controlResponseRate
efficiency

freqBias

freqDevDeadband

NMMS: Modeling Guidelines

>= maximumMVAr

>=0 and <= 500

>=0 and <= 999999999

>=0 and <= 99

>=0 and <= 99

>=0 and <= 1100

>=0 and <= 99

>=-99 and <= 99 , >= lowStep

and <= highStep

>=0 and <= 100

>=0 and <= 999999999

>=0.001 and <= 1.2
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ThermalGeneratingUnit

ThermalGeneratingUnit

ThermalGeneratingUnit

ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit

ThermalGeneratingUnit

ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit

ThermalGeneratingUnit

ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit

ThermalGeneratingUnit

governorMPL

governorSCD

highReasonabilityLimit

highReasonabilityRampRateLimit
hotintTime

hotStartTime

intColdTime

intStartTime
lowReasonabilityLimit
lowReasonabilityRampRateLimit
maxDailyStarts
maximumOperatingMW
maxONTime

maxWeeklyEnergy

maxWeeklyStarts

minimumOperatingMW
mMinOFFTime
mMiNONTime
modelDetalil

penaltyFactor

seasonalMaxSustainableRating
seasonalMinEmergencyRating

seasonalMinSustainableRating
stepChange

teid

NMMS: Modeling Guidelines

X
X
X >= lowReasonabilityLimit
>=
X lowReasonabilityRampRateLimit
X
X <= intStartTime
X
X <= coldStartTime
X >=0
X
X
X equal to highReasonabilityLimit
X
X
X >= maxDailyStarts
>=0 and <= 999 and equal to
X lowReasonabilityLimit
X
X <= maxONTime
X
X
>=
X seasonalMinSustainableRating
X
X
X
X >=0 and <= 999999999
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TieCorridor

TieEnd

TieLine
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
TransformerWinding
VoltageControlZone
VoltageLevel
VoltageRelay
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit

WindGeneratingUnit

teid

teid

teid

b
connectionType
emergencyMVA
g

grounded

r

ro

ratedMVA
rground
shortTermMVA

X

x0

teid

teid

teid

teid

coldStartTime
controlPulseHigh
controlPulseLow
controlResponseRate
efficiency

freqgBias
freqDevDeadband

governorMPL

NMMS: Modeling Guidelines

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=-100 and <= 100

<= shortTermMVA

>=0 and <= 999

>=-50 and <= 500

>=-5000 and <= 5000

>=0 and <= 10

>=-1000 and <= 1000

>=-10000 and <= 10000

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0 and <= 999999999

>=0.001 and <=1.2
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WindGeneratingUnit

WindGeneratingUnit

WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit

WindGeneratingUnit

WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit

WindGeneratingUnit

WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit
WindGeneratingUnit

WindGeneratingUnit

governorSCD

highReasonabilityLimit

highReasonabilityRampRateLimit
hotintTime

hotStartTime

intColdTime

intStartTime
lowReasonabilityLimit
lowReasonabilityRampRateLimit
maxDailyStarts
maximumOperatingMW
maxONTime

maxWeeklyEnergy

maxWeeklyStarts

minimumOperatingMW
minOFFTime
mMiNONTime
modelDetalil

penaltyFactor

seasonalMaxSustainableRating
seasonalMinEmergencyRating

seasonalMinSustainableRating
stepChange

teid

NMMS: Modeling Guidelines

X
X >= lowReasonabilityLimit
>=
X lowReasonabilityRampRateLimit
X
X <= intStartTime
X
X <= coldStartTime
X >=0
X
X
X equal to highReasonabilityLimit
X
X
X >= maxDailyStarts
>=0 and <= 999 and equal to
X lowReasonabilityLimit
X
X <= maxONTime
X
X
>=
X seasonalMinSustainableRating
X
X
X
X >=0 and <= 999999999
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ASSOCIATIONS

NMMS: Modeling Guidelines

APPENDIX B - VALIDATION RULES — REQUIRED

This appendix lists all of the validation rules for associations that must be defined for a specific

class.
ClassA
Accumulator
Accumulator
Accumulator
Accumulator
Accumulator
AccumulatorLimitSet
AccumulatorValue
AccumulatorValue
AccumulatorValue
AccumulatorValue
ACLineSegment
ACLineSegment
ACLineSegment
AggregateHub
AlternateLimit
Analog
Analog
Analog
AnalogLimit
AnalogLimitSet
AngleDifference
Bay
Bay
BranchGroup
Breaker
Breaker
BusbarSection
BusbarSection
BusbarSection
BWRSteamSupply
BWRSteamSupply
CAESPIlant
CAESPIlant
CogenerationPlant
CogenerationPlant
CombinedCyclePlant
CombinedCyclePlant
CombustionTurbine
CombustionTurbine
ConformLoad

ConnectivityNode
Connector

Connector
ControllableLoadResource

ClassB
MeasurementType
Operatorship
Ownership
Terminal

Unit

Accumulator
MeasurementGroup
MeasurementValueSource
PermissionArea
RemoteSource
BaseVoltage
Operatorship
Ownership
SettlementHUB
AlternateLimitSet
Operatorship
Ownership

Unit
AnalogLimitSet
Analog
MonitoredGroup
Operatorship
Ownership
MonitoredGroup
Operatorship
Ownership
BaseVoltage
Operatorship
Ownership
Operatorship
Ownership
Operatorship
Ownership
Operatorship
Ownership
Operatorship
Ownership
Operatorship
Ownership
ConformLoadGroup
EquipmentContainer
Operatorship
Ownership
Operatorship
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ControllableLoadResource Ownership
ControllableLoadResource Operatorship
ControllableLoadResource Ownership
CurrentRelay Operatorship
CurrentRelay Ownership
CurveData Curve
CustomerLoad ConformLoadGroup
CustomerLoad Operatorship
CustomerLoad Ownership
Disconnector Operatorship
Disconnector Ownership

Discrete MeasurementType
Discrete Operatorship
Discrete Ownership

Discrete Unit

EndCap EquipmentContainer
EndCap Operatorship
EndCap Ownership
EnergyConsumerResource Operatorship
EnergyConsumerResource Ownership

EPSMeter
FlowgateGroup
HydroGeneratingUnit
HydroGeneratingUnit

InductionMotorLoad

InductionMotorLoad
Junction

Load

Load

Load

Load

LoadResource
LoadResource
Measurement
MeasurementLocation
Monitored
MonitoredRating
MVArCapabilityCurve
NuclearGeneratingUnit
NuclearGeneratingUnit
OwnerShareLimits
OwnerShareLimits
PowerTransformer
ResourceController
ResourceController
SeriesCompensator

SeriesCompensator
SettlementLoadZone

PricingVector
MonitoredGroup
Operatorship
Ownership

Operatorship

Ownership
Operatorship
ConformLoadGroup
EquipmentContainer
Operatorship
Ownership
EnergyConsumer
Operatorship

Unit
PermissionArea
MonitoredGroup
MonitoredGroup
SynchronousMachine
Operatorship
Ownership
Operatorship
Ownership
Operatorship
Operatorship
Ownership
Operatorship

Ownership
Substation
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ShuntCompensator
ShuntCompensator
StaticVarCompensator
StaticVarCompensator
StationSupply

StationSupply
StringMeasurement

StringMeasurementValue

SubGeographicalRegion
Substation

Substation

Substation
SynchronousMachine
SynchronousMachine
TapChanger

TapChanger

ThermalGeneratingUnit
ThermalGeneratingUnit
ThermalGeneratingUnit

TransformerWinding

TransformerWinding
TransmissionPath
TransmissionPath
VLSBusBarMonitored
VoltageLevel
VoltageLevel
VoltageLevel
VoltageMonitored
WindGeneratingUnit
WindGeneratingUnit
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Operatorship
Ownership
Operatorship
Ownership
Operatorship
Ownership

Unit

PermissionArea
GeographicalRegion
SubGeographicalRegion
Operatorship
Ownership
Operatorship
Ownership
Operatorship

Ownership
CombinedCyclePlant
Operatorship
Ownership

Operatorship

Ownership
ServicePoint
ServicePoint
MonitoredGroup
Substation

Operatorship
Ownership
MonitoredGroup
Operatorship
Ownership
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APPENDIX C - VALIDATION RULES — COMPLEX RULES

This appendix lists all of the validation rules that are more complex than required fields and range
checks. These include validation rules that are conditional based upon certain conditions, involve
associations with other attributes, and those that describe specific data relationships. The
validation rule is explained descriptively and not in a formal language.

Rule
No. Validation Rule

R1 The abstract classes GeneratingUnit, Switch,
EnergyConsumer,EnergyCosumerResource should not be used. Only the classes
representing the actual classes should be used. For ex: Only instances of
ThermalGeneratingUnit, NuclearGeneratingUnit, HydroGeneratingUnit or
WindGeneratingUnit should be created instead of the generic GeneratingUnit Class

R2 Each PowerTransformer and its associated TransformerWindings and TapChangers
must be contained within one substation.

R3 A PowerTransformer must be contained by a Substation. A TransformerWinding must
be contained by a PowerTransformer. A TapChanger must be contained by a
TransformerWinding( Check for associations between transformer, winding and tap.

R4 A Measurement must be associated with a PowerSystemResource to convey
containment information for the Measurement.

R5 Transmission line measurements should be associated with an ACLineSegment or
SeriesCompensator not with a Line. Transmission line measurements must be
associated with a terminal.

R6 Transformer measurements should be associated with a PowerTransformer.
Transformer Windings should not have measurements.

R7 A Measurement can be associated with at most one Terminal.

R8 Combined Cycle configuration names should be unique for each Combined Cycle
Plant.

R9 ConnectivityNodes may only be placed within ConnectivityNodeGroup.
R10  SynchronousMachine's minimumMVAr and maximumMVAr attributes and the

minimum/maximum MVAr value specified in the associated MVArCapabilityCurve data
should match.

R11 | Terminals connected to the same piece of Equipment can not be connected to the
same connectivitynode

R12  Voltage Levels can't be empty. There should always be classes associated to voltage
levels.

R13  The normal and neutral tap of the transformer must be within low and high steps
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R14

R15

R16

R17

R18

R19

R20

R21

R22

R23

R24

R25

R26

R27

R28

R29

If there are 2 identical transformers in parallel with one marked Master and the other as
Follower , the tap changer of the follower should always point towards the master
tapchanger and not to itself.

Connectivity nodes must be associated to atleast 2 terminals.
Terminal associated to a any given equipment should have unique names.
ACLinesegment cannot go between different voltage levels.

Seriescompensator cannot go between different voltage levels and should be
contained within one substation

The regulated terminal of a shuntcompensator must be in the same substation as the
shuntcompensator's terminal (RegulatingCondEg->Terminal)

A shuntcompensator's SwitchedBy switch's terminal must be connected to
shuntcompensator's terminal through a connectivitynode.

Transformer and Line ratings should follow these rules.
NormalRating<=twohourrating<=15minrating

Sum of Ownership.ownershippercent should total 100% for SplitGenerationUnits(SGR).
An SGR will have 1 record in one of the GeneratingUnit classes and "n" number of
OwnerShareLimits that are associated to that GeneratingUnit. Each OwnerShareLimit
will point to a OwnerShip record. The sum of all these ownership.ownershippercent
should be equal to 100.

DCTie Psuedo Load breaker default value must be "Closed".
BLT(BlockLoadTransfer) must only group loads and only zero or one psuedo
GeneratingUnit per BLT. The breaker for this psuedo gen if modeleld must have a
default value of OPEN.

HubBus must have atleast one electrical bus.

The ConnectivityNodes in a ConnectivityNodeGroup must be in the SAME STATION
i.e. ConnectivityNodes in a given ConnectivityNodeGroup cannot span multiple

Stations.

If a HubBus is associated to more than 1 ConnectivityNodeGroup then ALL the
associated ConnectivityNodeGroups must belong to the same station.

SynchronousMachine's ‘'ratedMVA' attribute should be greater than or equal to the
'baseMW' attribute of the GeneratingUnit it is associated to.

Check the baseVoltage (if not null) of each conducting equipment connected to a
connectivityNode to be the same.
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R30  Only AnalogLimit instances that are children of an AnalogLimitSet instance with the
LimitSet.forNetwork = False/Null should have the LimitAlarmCategory and
AnalogLimitName associations populated.

OR

If the parent AnalogLimitSet instance’s the LimitSet.forNetwork = True of if the
AnalogLimit instance’s parent is a Rating instance, the two associations do not need to
be populated.

R31  The energy consumer that is part of the DCTie must have ONE and ONLY one
controllable load resource mapped to it. This energyconsumer can NOT be associated
to a "non-controllable load resource”. It has to be associated only to "controllable load
resource".

R32  Only AnalogLimit instances that are children of an AnalogLimitSet instance with the
LimitSet.forNetwork = False/Null should have the lower and upper thresholds

R33  Substation names should not exceed 8 chars.

R34  The target voltage setting specified by the regulation schedules must be within 80% to
120% of the rated kV

R35  The number of CurveData associated with the MVArCapabilityCurves and
RampRateCurve should not exceed 10

R36 Two RampRateCurves (one with Emergency = True) should be associated with a
ControllableLoadResource, a Configuration and a ThermalGeneratingUnit /
HydroGeneratingUnit / NuclearGeneratingUnit / WindGeneratingUnit which has no
association to a DCTie and a PrivateAreaNetwork (NetworkType: Non Modeled
Generation, Mothballed, Retired) or a CombinedCyclePlant.

R37  The FromConfig and ToConfig of a TransState shouldn't be same

R38 FromConfig and ToConfig of a TransState must belong to the same
CombinedCyclePlant

R39 A Contingency can’t contain duplicate ContingencyElements

R40  The controllable load resource must be associated with exactly two RampRateCurves,
one for normal condition and the other for emergency condition

R41  There is no duplicated CC configuration, i.e. there should not be 2 CC configurations
that contain the same CCU combination with exactly same status of Primary/Alternate
flag

R42  Each CC plant must have at least one CC configuration to startup/shutdown

R43 If a ThermalGeneratingUnit is a unit in a CombinedCyclePlant, then it cannot be a
SplitGenerationResource.

R44  If any Measurement instance has more than one (MeasurementValue instance that is
associted with MeasurementValueSource instance) then only one can have Company
I= ERCOT
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R45  Each CustomerLoad instance should be associated with
One instance of SettlementNOIELoadZone, Or
One instance of DCTie, Or
Its parent Substation should be associated with one instance of SettlementLoadZone

R46  For any instance of MeasurementArgument with ReferenceFlag = True, the Calculation
link on the associated MeasurementValue instance should not be same as the parent
Calculation instance of the MeasurementArgument instance.

R47  MeasurementValue instances that are sourced from or output of a calculation should
have its Primary Site as “DE”".

R48  Every ElectricalBus should be in a LoadZone or a NOIE load zone
R49  PsuedoTerminal shoud not be Associated to a connectivityNode
R50 Psuedoterminal should not be associated to a RegulatingconductingEquipment

R51  EnergyConsumerResource(LoadResource and ControllableLoadResource) should not
have any association to ResourceNode

R52  If PAN.networktype = retired or mothbolled, then there should be only one genunit
associated to it.

R53  x/r ratio for ACLineSegment should follow these rules. For 345kv x/r > 7, 138kv x/r>
1.5, 69kv x/r > 1

R54  AresourceNode that is associated to a PrivateUseNetwork(PUN), should not be
associated to any Physical Generating Unit

R55  Every GeneratingUnit(Thermal, Hydro, Nuclear, Wind) should have an association to a
ResourceNode unless the GeneratingUnit is associated to a DCTie,
NonModelledGeneration or BlockLoadType resource.

R56 IfaLoad is assigned to a NOIE load zone, then its electrical bus can ONLY have loads
that are assigned to the same NOIE load zone, i.e. cannot have other loads at the
same electrical bus assigned to different load zone
In other words, all loads that connect to the same EB must belong to the same load
zone. All those loads must either be associated to the same NOIE load zone, or none
of them has this association.

R57  DCTIE ElectricalBus can only connect to DCTIE load. The ElectricalBus connecting to
terminal of DCTIE pseudo load (DCTIE attribute of CUSTOMERLOAD instance) cannot
have other loads connect to it

R58 Each CombinedCyclePlant Configuration instance should have at least one association
to a ConfigurationMember instance

R59  PricingVector's should have a unique name

R60  MeasurementGroup and Calculation instances associated to a Zonal
MeasurementLocation should have unique names. Similarly MeasurementGroup and
Calculation instances associated to a Nodal MeasurementLocation should have unique
names
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R61

R62

R63

R64

R65

R66

R67

R68

R69

R70

R71

R72

R73

Measurementargument and ConstantArgument instances associated to a Calculation
should have unique names

Zonal Measurements(Analog, Discrete) associated to a terminal should have unique
names.

Nodal Measurements(Analog, Discrete) associated to a terminal should have unique
names.

At least one Ownersharelimit instance should be associated with every LoadResource,
ControllableLoadResource, ThermalGeneratingUnit, HydroGeneratingUnit,
WindGeneratingUnit, NuclearGeneratingUnit,

Every zonal AnalogLimitSet should be associated with a zonal Analog - Every Nodal
AnalogLimitSet should be associated with Nodal Analog.

Every Zonal AnalogValue with NO association to a AnalogName should be associated
with a zonal MeasurementValueQuality and MeasurementValueSource. Every Nodal
AnalogValue with no association to a AnalogName should be associated with a Nonal
MeasurementValueQuality and MeasurementValueSource

Every zonal AnalogValue with association to a AnalogName should be associated with
a zonal site and should be associated to atleast one zonal MeasurementGroup or one
zonal Calculation - Every Nodal AnalogValue with association to a AnalogName should
be associated with a zonal site and should be associated to atleast one Nodal
MeasurementGroup or one Nodal Calculation

Every zonal DiscreteValue with association to a DiscreteName should be associated
with a zonal site and should be associated to atleast one zonal MeasurementGroup or
one zonal Calculation - Every Nodal discreteValue with association to a discreteName
should be associated with a zonal site and should be associated to atleast one Nodal
MeasurementGroup or one Nodal Calculation

Every zonal Analog should be associated with a zonal AnalogValue - Every Nodal
Analog should be associated with a Nodal AnalogValue

Every zonal analoglimit associated with analoglimitname should be associated with a
zonal analoglimitset. Every nodal analoglimit associated with analoglimithame should
be associated with a nodal analoglimitset

Every zonal MeasurementArgument and ConstantArgument should be associated with
a zonal Calculation - Every Nodal MeasurementArgument and ConstantArgument
should be associated with a Nodal Calculation

Every zonal ConstantValue should be associated with a zonal ConstantArgument -
Every Nodal ConstantValue should be associated with a Nodal ConstantArgument

Every configuration should either be able to StartUp or Shutdown or transition into
another configuration, else it is invalid.
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R74

R75

R76

R77

R78

R79

R80

R81

R82

R83

Attributes, HightReasonabilityLimit, LowReasonabilityLimit and MaxWeeklyenergy
should be populated for any ownersharelimits associated with a LoadResource, a
ControllableLoadResource, and a ThermalGeneratingUnit / HydroGeneratingUnit /
NuclearGeneratingUnit / WindGeneratingUnit which has no association to a DCTie and
a PrivateAreaNetwork (NetworkType: Non Modeled Generation Retired, Mothballed,
BlockLoadTransfer).

Attributes (Operational Resource Parameters), MinOnlineTime, minOfflineTime,
hotstartTime, IntStartTime, ColdStartTime, Maxweeklystarts, maxonlinetime,
maxdailystarts, maxweeklystarts, hotinttime, intcoldtime, syscondensercapable should
be populated for any Configuration and any ThermalGeneratingUnit /
HydroGeneratingUnit / NuclearGeneratingUnit / WindGeneratingUnit which has no
association to a CombinedCyclePlant, a DCTie and a PrivateAreaNetwork
(NetworkType: Non Modeled Generation, Retired, Mothballed, BlockLoadTransfer) .

Attributes (Resource Parameters), HighReasonabilityLimit, LowReasonabilityLimit,
HighReasonabilityRampRateLimit, LowReasonabilityRampRateLimit,
MaxSustainableRating, MinSustainableRating, MaxEmergencyRating,
MinEmergencyRating should be populated for any Configuration and any
ThermalGeneratingUnit / HydroGeneratingUnit / NuclearGeneratingUnit /
WindGeneratingUnit which has no association to a DCTie and a PrivateAreaNetwork
(NetworkType: Non Modeled Generation, Retired, Mothballed, BlockLoadTransfer).

Each Configuration must have at least one PRIMARY CCU (defined as
CONFIGURATIONMEMBER with PRIMARY flag = ‘TRUE")

Each CombinedCyclePlant must have at least one configuration that can start up (i.e.
STARTUPFLAG = ‘TRUE’)

Each CombinedCyclePlant must have at least one configuration that can shut down
(i.e. SHUTDOWNFLAG = ‘TRUE’)

Each Configuration must satisfy at least one of the two conditions a) have at least one
in-transstate (i.e. transstate with that configuration as TOCONFIG_CONFIGURATION)
or b) its STARTUPFLAG is set to ‘True’

Each Configuration must have at least one of the two conditions a) have at least one
out-transstate (i.e. transstate with that configuration as
FROMCONFIG_CONFIGURATION) or b) its SHUTDNFLAG is set to ‘True’

All Configurations must have path to transit from start-up configuration AND transit to
shut-down figuration in some way. This can be direct transstate or through other
configurations. This is to prevent CC Plant being trapped ONLINE or OFFLINE

Validate the UpTransition Attribute on a TransState:

If UpTransition = True, count of primary members in the FromConfiguration < count of
primary members in the ToConfiguration

and if UpTransition = False, count of primary members in the FromConfiguration >
count of primary members in the ToConfiguration.
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R84

R85

R86

R87

R88

R89

R90

R91

R92

R93

R94

Every Zonal DiscreteValue with no association to a DiscreteName should be
associated with a zonal MeasurementValueQuality and a zonal
MeasurementValueSource. Every Nodal DiscreteValue with no association to a
DiscreteName should be associated with a Nodal MeasurementValueQuality and a
nodal MeasurementValueSource.

All x_axisdata data points in a MVArCapabilityCurve should be unique
Only one y1_axisdata point in a MVArCapabilityCurve can be 0.
Only one y2_axisdata point in a MVArCapabilityCurve can be 0.

For every ICCPQualityConversion instance,

a. Only One of the following attributes ICalculated, IManual, IEstimated,
ITelemetered should be true, and

b. Only One of the following attributes IValid, INotValid, ISuspect, IHeld should be
true, and

C. Only One of the following attributes OValid, ONotValid, OSuspect, OHeld should
be true, and

d. Only One of the following attributes OCalculated, OManual, OEstimated,
ITelemetered should be true.

There should be atleast one swing bus in the model. i.e. atleast one connectivity node
with SlackBusPriority = True

There should be no Pricingvector associated to a BusbarSection or a Endcap.

For an EnergyConsumer (CustomerLoad or StationSupply), if conformingLoadFlag =
True, then the EnergyConsumer should be associated to a ConformLoadGroup

When a MeasurementLocation has more than one children (MeasurementGroup or
Calculation),

(All zonal analogvalues and discretevalues associated to the child MeasurementGroup)
and (All zonal Analogvalues and discretevalues associated with
measurementargument having referencefalg = False within the child calculation)
should be associated to the same terminal. All Nodal analogvalues and discretevalues
associated to the child MeasurementGroup) and (All Nodal Analogvalues and
discretevalues associated with measurementargument having referencefalg = False
within the child calculation) should be associated to the same terminal.

For example

1. MeasLocl -> MeasGrpl -> AnalogValuel ->Analogl ->Terminall

2. MeasLocl -> MeasGrpl -> AnalogValue2 ->Analog2->Terminall

3. MeasLocl -> Calcl -> MeasArg1 (referenceflag = false) -> AnalogValue3 -
>Analog3 ->Terminall

4, MeasLocl -> Calcl -> MeasArgl (referenceflag = false) -> AnalogValue4 -

>Analog4->Terminall

A TriggerCondition may have multiple Gates associated with it. One of them must be
its resulting Gate, (i.e. the Gate determing the trigger condition). This resulting Gate
must be of type: or/and/nand/nor

If a Gate is of the following types: gt/ge/ It/le/eg/ne, then its input must be exactly One
PinFlow or PinBranchGroup or PinVoltage. If input is PinFlow then PinFlow.InputlsFlow
must be TRUE,
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R95

R96

R97

R98

R99

R100

R101

R102

R103

R104

R105

R106

R107

If a Gate is of the following types: or/and/nand/nor, then its input must be one or more
PinGate or PinSwitch. or PinFlow. If input is PinFlow then PinFlow.InputlsFlow must
be FALSE

If a Gate is of the following types: not, then its input must be exactly one PinGate or
PinSwitch.

MRID and TEIDs in the entire model should be unique.

Any Company with CompanyType = QSE or ERCOT can Own and Operate Zero Or
One Substation with ForNetwork = False and ForSCADA = True.

For any GeneratingUnit, LoadResource and ControllableLoadResource each QSE
operator of the GeneratinUnit needs to Own a Substation with ForNetwork = False and
ForSCADA = True. Ex. GU->0OSL->Operatorship->Company->Ownership ->Substation
(forNetwork = False and ForSCADA = True)

The owner of a GeneratingUnit , LoadResource and ControllableLoadResource should
always be an RE or ERCOT. Operator should be a QSE or ERCOT.

For every generating unit that's not associated to a combined cycle plant,
maximumOperatingMW = HRL and minimumOperatingMW = LRL

All instances of the following classes should have a unique name,
Contingencies

ContingencyGroups

RemedialActionSchemes

SharedProtectiveActions

VoltageLimitSets , ResourceNode, HubBus

The total number of CalculationArguments (MeasurementArgument and/or
ConstantArgument) associated to a Calculation must be equal to or greater than the
total number of FunctionArguments the associated Function

In a Calculation every associated CalculationArgument (MeasurementArgument and/or
ConstantArgument) should be associated to a unique FunctionArgument in the function
associated to the Calculation

The Name of a measurementlocation should be same as the name of the associated
PowerSystemResource unless the PowerSystemResource is of the Type =
CombinedCyclePlant. In case of a CombinedCyclePlant the name of the
MeasurementLocation should be same as the aliasname of the associated
combinedcycleplant.

All conformLoads should have conformingloadflag = True and all nonconformloads
should have conformingloadflag = False

A BLT-load, DCTie-load and a PUN-load should be of the type NonConformLoad
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R108

Length Limitations

2 AclineSegment.

4

TapChanger ,ConnectivityNode,ContingencyGroup
Configuration,MeasurementGroup,Calculation
VoltageLimitSet,VoltagelLevel,CurveData,PowerTransformer
Gate,PinBranchGroup,PinFlow,PinGate,PinSwitch
PinTriggerCondition,PinVoltgae,Stage,StageTrigger
AnalogName,Analog,AnalogLimit,AnalogLimitName
DiscreteName,Discrete,MeasurementArgument,ConstantArgument
ConstantValue

6

Company.(IO.Localname)

Substation,LoadbasedRegulationCurve
MVArCapabilityCurve,PhaseShifterimpedanceCurve
RampRateCurve,StationSupplyWRCurve,RemedialActionScheme
TriggerCondition,Function,Site

12

IccpQualityConversionSet,lccpQualityConversion

14

Breaker,Disconnector, TransformerWinding,CutomerLoad
LoadResource,Line,ShuntCompensator,StaticVarCompensator
ResourceController,Company.(10.AliasName), TieLine
TieCorridor, ThermalGeneratingUnit,HydroGeneratingUnit
NuclearGeneratingUnit,WindGeneratingUnit,SynchronousMachine
SublLoadArea,LogicalConfiguration,PrivateUseNetwork

R109 Every PowerSystemResource can have only one MeasurementLocation of a Particular
Devicetype, i.e.
Given a condition Devicel ->MeasLocl (RDFID: ABCD) DeviceTypeName: LD,
Devicel ->MeasLocl (RDFID: FGHD) DeviceTypeName: LD : Invalid
Devicel ->MeasLocl (RDFID: ABCD) DeviceTypeName: LDRES : Valid.

R110 Measurement Argument or Constant argument under a Calculation should not be
mapped to same Measurement Value or Constant Value.

R111 An electrical bus must be associated with a connectivity node when:
* a load is attached to the node.
* Three or more switches are attached to the node and the node has a voltage reading

R112 The RID for EPSmeter must be unique

R113 customerLoad and Load instances cannot have association to PrivateAreaNetwork of
type ERCOTPANTYPE.PrivateUseNetwork or SelfServe or BLT_Normally_out

R114 Number of CurveScheduleData under PhaseShifterimpedanceCurve and
TransformerimpedanceCurve are the same as Number of TapChanger step within
PowerTransformer where the curve is asscociated to

R115 FlowgateElement must associate with terminal of line/transformer/series (not allow
association to other type of equipment)
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R116

R117

R118

R119

R120

R121

OwnerShareLimit.name should be unique for Split generation resource .

A HubBus associates with 1..n ConnectivityNodeGroups. If a HubBus is associated to
more than 1 ConnectivityNodeGroups, then ALL the associated
ConnectivityNodeGroups must belong to the same Substation

Each DCTIE must associate with ONE and ONLY ONE ThermalGeneratingUnit

If a breaker or disconnector is modeled under a Bay instead of a VoltageLevel, then the
association between Breaker/Disconnector to VoltageLevel should be populated.

If the Transformer is a Phase Shifting Transformer, a Phase Shifter Impedance Curve
should be associated through the “Has A (PhaseShifterimpedanceCurve)” linkage.

If the Transformer is equipped with a Tap Ratio Curve, a Tap Ratio Curve should be
associated through the “Has A (TapRatioCurve)” linkage.
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APPENDIX D — CLASSES NOT ALLOWED

Classes that are marked as “Not Allowed” cannot have data instances within the ERCOT CIM
XML data file. The importers would ignore this data, but references between a "NOT_ALLOWED"
class and a "USED" class could produce an invalid model/solution, especially if topology related.
A list of classes and their compatibility with ERCOT applications will be published, and the
classes marked as “Not Allowed” must NOT be populated via NOMCRs or they will be rejected in
the NMMS validation step.

In the future, data for some of the classes currently “Not Allowed” may be allowed, but only after
the impact has been evaluated and the changes tested by all affected ERCOT applications.
Newly created classes could also be allowed after being tested by affected ERCOT applications.

BASICINTERVALSCHEDULE NOT_ALLOWED - ABSTRACT
COMPOSITESWITCH NOT_ALLOWED - TOPOLOGY
CONDUCTINGEQUIPMENT NOT_ALLOWED - ABSTRACT
CONDUCTOR NOT_ALLOWED - ABSTRACT
CONFORMLOAD NOT_ALLOWED - ABSTRACT
CONNECTOR NOT_ALLOWED - TOPOLOGY
CURVE NOT_ALLOWED - ABSTRACT
DCLINESEGMENT NOT_ALLOWED - TOPOLOGY
ENERGYAREA NOT_ALLOWED - ABSTRACT
ENERGYCONSUMER NOT_ALLOWED - ABSTRACT
ENERGYCONSUMERRESOURCE NOT_ALLOWED - ABSTRACT
EQUIPMENT NOT_ALLOWED - ABSTRACT
EQUIPMENTCONTAINER NOT_ALLOWED - ABSTRACT
EQUIVALENTSOURCE NOT_ALLOWED - TOPOLOGY
FEEDER NOT_ALLOWED - TOPOLOGY
FREQUENCYCONVERTER NOT_ALLOWED - TOPOLOGY
FUSE NOT_ALLOWED - TOPOLOGY
GATEINPUTPIN NOT_ALLOWED - ABSTRACT
GENERATINGUNIT NOT_ALLOWED - ABSTRACT
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GROUND NOT_ALLOWED - TOPOLOGY
GROUNDDISCONNECTOR NOT_ALLOWED - TOPOLOGY
JUMPER NOT_ALLOWED - TOPOLOGY
JUNCTION NOT_ALLOWED - TOPOLOGY
LIMIT NOT_ALLOWED - ABSTRACT
LIMITSET NOT_ALLOWED - ABSTRACT
LOADBREAKSWITCH NOT_ALLOWED - TOPOLOGY
LOADGROUP NOT_ALLOWED - ABSTRACT
MEASUREMENT NOT_ALLOWED - ABSTRACT
POWERSYSTEMRESOURCE NOT_ALLOWED - ABSTRACT
PROTECTEDSWITCH NOT_ALLOWED - ABSTRACT
RECTIFIERINVERTER NOT_ALLOWED - TOPOLOGY
REGULARINTERVALSCHEDULE NOT_ALLOWED - ABSTRACT
REGULATINGCONDEQ NOT_ALLOWED - ABSTRACT
SWITCH NOT_ALLOWED - ABSTRACT
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