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The purpose of the GIC Modeling Expectations is to lay out all of the requirements for modeling of Geomagnetically Induced Current (GIC) model.

In the event of any conflicts between these modeling expectations and the ERCOT Nodal Protocols, the Protocols shall control in all respects.
[bookmark: _Toc2260426]Definitions and Acronyms
In the event of a conflict between any definitions or acronyms included in this manual and any definitions or acronyms established in the ERCOT Protocols, the definitions and acronyms established in the ERCOT Protocols take precedence.

[bookmark: _Toc2260427]Definitions 
GIC DC Model	Direct current resistance model of the transmission system used to calculate geomagnetically induced currents and reactive power losses. 
GIC AC Model	The base AC power flow case used to create the GIC DC Model. It will be created from the selected SSWG case, and include any changes necessary to synchronize the GIC AC Model with the GIC DC Model.
GIC System Model	The GIC System Model that is composed of both the GIC DC Model and GIC AC Model. The GIC System Model refers to both models necessary to run a GIC study. The GIC System Model consists of a summer peak load model and a minimum load model. 
IDEV	PSS®E Change File 
[bookmark: _Toc2260428]Acronyms
DC	Direct Current 
GIC	Geomagnetically Induced Current
USGS	United States Geological Survey
HVDC	High Voltage Direct Current
BES	Bulk Electric System
TSP	Transmission Service Provider
[bookmark: _Toc2260429]Case Building Workflow
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[bookmark: _Toc2260430]Software
The primary software used to build the GIC System Model is PSS®E. The PSS®E version used will be 34.4.  
[bookmark: _Toc2260431]Changes to the SSWG Case
Once the SSWG base case is available, changes may be made prior to the beginning of the GIC DC Model build:

The initial part of the case build will be reserved to allow TSPs to look over the latest SSWG case and determine if any changes need to be made to the case.

If shunts are split in the GIC model, they must also be split in the GIC AC Model. Since the PSS®E GIC module only allows for one switched shunt reactor on a bus, any combined shunt reactors that are disaggregated into their individual shunt reactors must be placed on a new bus.

Any new changes to the case that are not in MOD, but will be in-service should be added to the GIC AC Case. If it is being added to the GIC DC Model, the equipment must also be in the GIC AC Case.

For each change submitted, these are the requirements for the changes to be accepted:

· Changes to load levels will not be accepted
· Each change must be accompanied with information detailing what changes are being made
· Submitted changes can not cause an unsolving GIC AC Model
[bookmark: _Toc2260432]GIC AC Model Tuning
After incorporating all changes to the SSWG AC Base Case and creating the new GIC AC Model, the GIC AC Model will undergo case tuning as needed by the TSPs to ensure that the new GIC AC Model still converges within acceptable voltage limits and that all generators are within their operating limits. ERCOT will only modify generation output.
[bookmark: _Toc2260433]How to Submit Changes for the GIC DC Model 
Use the ERCOT supplied template to submit changes to the GIC DC Model. Changes to the GIC AC Model should be submitted using IDEVs. Any change to topology in either the GIC DC Model or GIC AC Model must be reflected in the other model. 

For information that already exists in the GIC DC Model and is not new during the GIC System Model build, it is the responsibility of the equipment owners and operators to ensure that all the properties of the equipment is still correct. 
[bookmark: _Toc2260434]RAW File Changes
At the beginning of the GIC System Model build, ERCOT will utilize the latest SSWG summer peak and summer minimum cases to import topology changes to buses, branches, and transformers into the GIC DC Model. The only information imported from the SSWG cases is bus and circuit numbers. Element attributes for the GIC DC Model are not imported as they do not exist in the SSWG cases.

For if the element is not in the GIC DC Model, it will be inserted and have its associated SUM and MIN values set to true if the element is in the respective case. If the element is no longer in the SSWG cases, it will be deleted from the GIC DC Model.

Buses in the Bus table are imported and deleted to the GIC DC Model based on the list of buses in the SSWG cases.

New branches are imported into the GIC DC Model and deleted from the GIC DC Model based on the order of the buses and circuit numbers. The system checks for branches based the following order: BUSI_BUSJ_CKT. If a match is found then the branch and its record is preserved. If the BUSI and BUSJ are swapped, the recorded is also preserved. 

New two winding transformers are imported into the GIC DC Model after checking for a change in the I and J bus order. However if the circuit number changes but the I and J buses remain the same, the transformer added as a new transformer and the transformer with the previous circuit number will be deleted. There is a check for swapping of the I and J buses. If the I and J buses are swapped but the circuit number remains the same since the previous GIC System Model build then the transformer will be deleted and re-added. However the values for the winding resistances and related to a specific bus on will be preserved and swapped while the vector group will remain the same. The following is an example of such swapping.  

	Case
	Bus I
	Bus J
	WRI
	WRJ
	VECGRP

	Previous GIC Model
	100
	200
	0.1
	0.2
	YNd

	New GIC Model
	200
	100
	0.2
	0.1
	YNd



These transformers should be double checked by their owner to ensure that all attributes are still the same.

Three winding transformers are checked based on the order of their buses and circuits. Each transformers is assigned a string made of its attributes: BUSI_BUSJ_BUSK_CKT. If that string for a transformer in the SSWG case does not match a string in the GIC DC Model, then the transformer will be added to the GIC DC Model. Any transformers in the GIC DC Model which do not match any in the SSWG case will be deleted. If the change was simply a swap in the bus order, the owner will need to re-input the values for the transformer attributes as the transformer will be deleted from the GIC DC Model and added as a new transformer.

Shunt and two terminal DC device information is not added by ERCOT from the SSWG cases. They must be added using the template by the users. This includes both the bus the element is connected to and the element attributes.
[bookmark: _Toc2260435] Adding New Data
To add new data to the GIC DC Model, in the GIC Template, add the record and put a 1 in the Modification column. The ID or ID1 column (ID1 for Fixed Shunts) must be left blank. The SUM and MIN columns must also be populated. Put True in the field if the element is in the respective case, and leave it blank if it is not in that case. 

Example: For an element in the SSWG peak case but not in the SSWG minimum case, SUM = TRUE, MIN = Null (for null leave the entry blank).

[image: ]

[bookmark: _Toc2260436]Modifying Data
If a data change is made to an element in the GIC DC Model, a 1 must be put in the Modification column. This is what triggers the database to import the change. Any changes made without a 1 in the Modification column will not be imported. Do not modify the ID or ID1 column (ID1 for Fixed Shunts).
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[bookmark: _Toc2260437]Deleting Data
To delete records from the GIC DC Model, in the Delete Column, put Delete in the row of the record to be deleted. Do not modify the ID or ID1 column (ID1 for Fixed Shunts).
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[bookmark: _Toc2260438]Template Naming
Before returning the modified template to ERCOT, rename the file to include the company at the front and pass number at the end. 

Example:

[Company]_GIC_TSP_Template_ -> ERCOT_GIC_TSP_Template_Pass2

Template Naming Notes:
· Cannot put letters in fields meant for numbers
· Null values are not permitted in the template name
· Add in PassX (Ex. Pass2)
· For company names, use the names in Appendix A
[bookmark: _Toc2260439]Data Submission Method
In order to ensure secure transmission of GIC model information between market participants and ERCOT, the Excel template should be placed in a zip file. The zip file should then be encrypted, not the Excel template. By encrypting the zip file and not the template, corruption of the template is less likely. The encrypted zip file should then be emailed to the ERCOT modeler. The password should follow in a separate, second email to the ERCOT modeler.
[bookmark: _Toc2260440]MIS Postings
Each completed pass of the GIC model will be posted on MIS. Once the case build is completed, the GIC System Model will be posted on MIS.
[bookmark: _Toc2260441]Incremental Updates
Incremental updates are processed the same as any other update to the case. A template is submitted containing the requested modifications. It will undergo validation before being included into the GIC model.
[bookmark: _Toc2260442]Modeling Details and Data Requirements
In order to ensure the quality of the model, estimated values should only be used when actual restive values are not available. Each table contains an ID or ID1 (for fixed shunts) column. This column is not to be modified under any circumstance.

For each record where possible, in the company column, put your company name there. Such a change is a modification and the modification column will need appropriate flag.

[bookmark: _Toc2260443]Substation
The substation table contains the data for all of the substations in the system. Each substation has a unique number that is associated with a bus in the bus table. 

For substation, the MIN and SUM entries must be designated by the user. If it is in that associated case, then put TRUE.

	Field
	Description
	Source

	Substation (number)
	Unique number within the substations bus range.
	A bus number of all the buses in the selected substation.

	Name
	Station Name – Limit substation names to 12 characters. Do not include quotations in the substation name. 
	

	Latitude
	Station Latitude in degrees – degrees must be in decimal form.
For example:
Latitude (deg):
28.894473
	Preferred Source: Field measurements. Alternative source: Online mapping service. 

	Longitude
	Station Longitude in degrees – degrees must be in decimal form.
For example:
Longitude(deg) 
-97.135125
	Preferred Source: Field measurements. Alternative source: Online mapping service.

	RG
	Substation dc grounding resistance (ohms) for stations with high side wye grounded transformers and shunt reactors.  Use RG = 9999 if substation is ungrounded. RG = 0.1 ohm by default.
	Measure value from ground grid test is preferred. Else a calculated value from design modeling.

	Earth Model
	Name of the Earth Model – Earth model must be entered without dashes.
	USGS Earth Model

	RG Flag
	Used to specify the RG value for information only like a comment. Examples: “Assumed”, “Measured”, etc.
	

	Comment
	User entered comments
	

	Modification
	
	



Substations – The Substation number shall be a bus number within the range of all the buses in the selected substation.

Example
Substation Buses: 1001, 1005, 2013
Valid Substation Numbers: 1001 or 1005 or 2013

[bookmark: _Toc2260444]Bus
The bus table contains a list of all the buses in the GIC DC Model. Each bus record has a substation record associated with it. A substation may be associated with multiple buses. The bus records are imported from the GIC AC Model however new buses may be added by the user. After defining a substation, each bus in the station must have their substation number set to that of its substation.

	Field
	Description
	Source

	Substation (number)
	Unique number within the substations bus range.
	User entered substation number.

	Bus
	Bus Number
	PSSE bus number from the GIC AC Model.

	Company
	Company that owns the bus.
	

	Modification
	
	


[bookmark: _Toc2260445]Transformers
When using values from the transformer test report, the resistance must be divided by three to obtain the resistance of a single winding if the test report gives the total resistance as all three phases combined.

For transformers, in the GIC DC Model the order of the I, J, and K buses and windings must match the order in the GIC AC Model. The order of the buses is not related to voltage.

	Field
	Description
	Source

	BUSI
	The bus number of the bus to which Winding 1 is connected. It must be same Winding 1 bus for the same transformer SSWG base case data. No default allowed.
	PSSE bus number from the GIC AC Model.

	BUSJ
	The bus number of the bus to which Winding 2 is connected. It must be same Winding 2 bus for the same transformer SSWG base case data. No default allowed.
	PSSE bus number from the GIC AC Model.

	BUSK
	The bus number of the bus to which Winding 3 is connected. It must be same Winding 3 bus for the same transformer within the SSWG base case data. Enter 0 for two winding transformers. No default allowed.
	PSSE bus number from the GIC AC Model.

	CKT
	One- or two-character non-blank alphanumeric circuit identifier
	PSSE circuit number from the GIC AC Model.

	
WRI
	DC resistance of Winding 1 in ohms/phase at nominal tap and adjusted to 75°C. WRI = 0.0 by default. When WRI is not specified, SSWG base case data resistance is used to determine WRI.
	Transformer test report. Divide by three if the winding resistance in the test report gives the total resistance of all three phases combined.  

	WRJ
	DC resistance of Winding 2 in ohms/phase at nominal tap and adjusted to 75°C. WRJ = 0.0 by default. When WRJ is not specified, SSWG base case data resistance is used to determine WRJ.
	Transformer test report. Divide by three if the winding resistance in the test report gives the total resistance of all three phases combined.  

	WRK
	DC resistance of Winding 3 in ohms/phase at nominal tap and adjusted to 75°C. WRK = 0.0 by default. When WRK is not specified, SSWG base case data resistance is used to determine WRK. [1]
	Transformer test report. Divide by three if the winding resistance in the test report gives the total resistance of all three phases combined.  

	GICBDI
	GIC blocking device in neutral of Winding 1 
= 0, no GIC blocking device present
= 1, GIC blocking device present
For an autotransformer, if either GICBDI=1 or GICBDJ=1, that autotransformer is treated as it has GIC blocking device present.
GICBDI = 0 by default.
	


	GICBDJ
	GIC blocking device in neutral of Winding 2.
= 0, no GIC blocking device present
= 1, GIC blocking device present
For an autotransformer, if either GICBDI=1 or GICBDJ=1, that autotransformer is treated as it has GIC blocking device present.
GICBDJ = 0 by default.
	



	GICBDK
	GIC blocking device in neutral of Winding 3.
= 0, no GIC blocking device present
= 1, GIC blocking device present GICBDK = 0 by default.
	

	VECGRP
	Alphanumeric identifier specifying vector group based on transformer winding connections and phase angles.
If vector group is specified in SSWG base case data that data will be used and it is not needed to be specified here. As far as GIC calculations are concerned, winding grounding connection information is used; its clock angles are not used.
Specify VECGRP considering the winding order I, J, K defined on this record.

Winding connection designations
First Symbol: for High Voltage: Always capital letters. D=Delta, Y=Wye, Z=Interconnected star, N=Neutral
Second Symbol: for Low voltage: Always Small letters. d=Delta, y=wye, z=Interconnected star, n=Neutral.
Third Symbol: Phase displacement expressed as the clock hour number (1,6,11)
0 =0° that the LV phasor is in phase with the HV phasor
1 =30° lagging (LV lags HV with 30°) because rotation is anti-clockwise.
11 = 330° lagging or 30° leading (LV leads HV with 30°)
5 = 150° lagging (LV lags HV with 150°)
6 = 180° lagging (LV lags HV with 180°)

NOTE: YNa0d1 must be used instead of YyN(auto)d1.

For a main power transformer with a Y connected primary winding and two delta connected secondary windings, use Ynd1d1 (for 30° lagging).

Steps for finding vector group in PSS®E:

Open PSS®E.
Open a case.
Select Branch tab and then select “2- Winding” or “3-Winding tab”.
Right Click on the transformer that you would like to add vector group to.
Select “Network Data Record” from pop-up.

	










	CORE
	Number of cores in transformer core design. This information is used to calculate transformer reactive power loss from GIC flowing its winding.
= -1 (for three phase shell form)
= 0 (for unknown core design)
= 1 (for single phase (separate cores))
= 3 (for three phase 3-legged core form)
= 5 (for three phase 5-legged core form)
= 7 (for three phase 7-legged core form) CORE = 0 by default
	

	KFACTOR
	A factor to calculate transformer reactive power loss from GIC flowing in its winding (Mvar/Ampere). KFACTOR = 0.0 by default.

KFACTOR is obtained from the
manufacturer of the transformer.  If the manufacturer transformer KFACTOR is not available, the default KFACTOR = 0.0 is specified.

If KFACTOR = 0.0, then the KFACTORS in Section 13.3.1 are used by the program.

	

	GRDRI
	Winding 1 grounding dc resistance in ohms. GRDRI = 0.0 by default (no grounding resistance, e.g. solidly grounded).
	

	GRDRJ
	Winding 2 grounding dc resistance in ohms. GRDRJ = 0.0 by default (no grounding resistance, e.g. solidly grounded).
	

	GRDRK
	Winding 3 grounding dc resistance in ohms. GRDRK = 0.0 by default (no grounding resistance, e.g. solidly grounded).
	

	TMODEL
	Transformer Model in GIC dc Network
= 0, two and three winding and autotransformer model as defined by its vector group
= 1, Transformer as T model in dc network. TMODEL = 0by default.

TMODEL = 1 only for Phase Angle Regulator (PAR) connections where series winding has split tap which is represented as T model in GIC calculation dc network.
	



[bookmark: _Toc2260446]Autotransformers
[image: ]


	Component
	Description
	Preferred Data Source
	Best Alternative Estimate – When Real Data Is Not Available

	Autotransformer Series Winding
	The DC winding resistance of the series winding. Can be either WRI or WRJ depending on bus and winding voltage configuration
	Measured DC resistance of each winding at nominal tap and adjusted to 75°C. And divided by three if the winding resistance in the test report gives the total resistance of all three phases combined.
	50% of the total per-unit copper loss resistance converted to actual ohms at full winding base values and divided by three.

	Autotransformer Common Winding
	The DC winding resistance of the common winding. Can be either WRI or WRJ depending on bus and winding voltage configuration
	Measured DC resistance of each winding at nominal tap and adjusted to 75°C. And divided by three if the winding resistance in the test report gives the total resistance of all three phases combined.
	50% of the total per-unit copper loss resistance converted to actual ohms at winding base values and divided by (VH/VX-1)2 and divided by three.



[bookmark: _Toc2260447]Phase Shifting Transformers
Phase shifting transformers or Phase Angle Regulators are represented differently in the GIC model versus a conventional transformer or autotransformer. In the case where the series winding has a split tap, the T model of the transformer is as follows.

[image: ]
[bookmark: _Toc2260448]Load Serving Power Transformers
Any load serving power transformers which high side winding is wye-grounded and its terminal operates at 200kV and above should be modeled in the GIC DC Model and its corresponding GIC AC Model. This includes both transformers used to supply customer load and those used for station service or auxiliary power in a generation site. Load serving power transformers with a high side terminal less than 200kV are not required to be modeled. 

The rationale for this is that these transformer serve as a path to ground for GICs and that they fall under the facilities in Section 4.2 of TPL-007-3. They will impact the distribution of GICs and associated transformer flow results and reactive losses. However these transformers do not meet the definition of BES transformers per NERC standards. [3]

These transformers should be modeled in the transformer tab of the template. As these transformers are not normally modeled in the Network Operations Model or other Planning models, they will not initially exist in the GIC AC Model.

Any new load serving power transformers that are being modeled in the GIC DC Model will also need to be modeled in the GIC AC Case using an IDEV. They will require the creation of a new bus in both cases, along with a modification of the load location in the GIC AC Model.

[image: ]
[bookmark: _Toc2260449]HVDC Converter Transformers
HVDC converter transformers are included when modeling a HVDC tie in the 2TDC tab.  Flow results are reported for these transformers as HVDC converter transformers can offer a path to ground if they are wye grounded. 

The converter transformers do not need to be explicitly modeled, as they are included in the two terminal DC line model with a primary base voltage being the base voltage at the connecting buses such as shown below.

[image: ]

In order to calculate reactive losses for the HVDC converter transformers, their k-factor will be used. If the k-factor is not available, they a default k-factor will be used based on the core type. If the core type is unknown, then the k-factor will be based on the transformer voltage level.

Below is how the HVDC tie converter transformers are represented in the code.

[image: ]


0. [bookmark: _Toc2260450]Branch
All transmission level branches should be modeled, including zero impedance ties. Any branch that exists in the GIC DC Model must exist in the GIC AC Model. 

	Field
	Description
	Source

	BUSI
	Branch from bus number. No default allowed.
	PSSE bus number from the GIC AC Model.

	BUSJ
	Branch to bus number. No default allowed.
	PSSE bus number from the GIC AC Model.

	CKT
	One- or two-character non-blank alphanumeric branch circuit identifier
	PSSE circuit number from the GIC AC Model.

	RBRN
	Branch dc resistance in ohms/phase. RBRN = 0.0 by default. When RBRN is not specified or RBRN=0.0, SSWG base case data branch resistance is used as is.  As stated above, in the ERCOT GIC DC Model, the TSP will use the 1 megaohm method for all series capacitors (RBRN = 1,000,000).
	Preferred Source: One third of the individual phase DC resistance adjusted to 50°C. Alternative: one third of the individual phase AC resistance adjusted to 50°C or 75°C.

	INDVP
	Real part of total branch GMD induced electric field in volts.
	

	INDVQ
	Imaginary part of total branch GMD induced electric field in volts.
	


[bookmark: _Toc2260451]Series Capacitors
Capacitors provide a high impedance path for GICs and block GIC flows. The PSSE GIC Module will automatically determine if the branch has a series capacitor on it by looking at the GIC AC Model. Specifically the PSSE GIC Module is looking for lines with a negative impedance.
[bookmark: _Toc2260452]Shunt Devices
In the GIC DC Model, only shunt reactors are modeled as they provide a low impedance path to ground that can allow for GIC’s to flow. Shunt capacitors provide a high impedance, thereby blocking GIC flows. Only shunt reactors that are connected directly to substation buses in either a transmission or generation facility, or transmission lines should be modeled. Shunt capacitors are not included in the GIC model.

Shunts are to be modeled and added and deleted from the GIC DC Model through the templates. 

All shunt reactors should be modeled in the GIC DC Model. This includes both in-service and out of service shunt reactors.

If the DC winding resistance value is unknown, it can be estimated using an assumed X/R ratio.

If multiple shunts are combined into a single shunt, then it must have a calculated equivalent resistance that aggregates the individual shunts. The following calculation should be used if the shunt reactors are all connected to one bus and therefore as assumed to be in parallel:



[image: ]



[bookmark: _Toc2260453]Fixed Shunt
	Field
	Description
	Source

	BUS
	Bus number of the bus to which shunt reactor is connected. It must be present in SSWG base case data. No default allowed.
	PSSE bus number from the GIC AC Model.

	ID
	One- or two-character non-blank alphanumeric shunt reactor identifier
	

	R
	DC resistance in ohms/phase adjusted to 75°C. It must be > 0. No default allowed. Bus shunt reactor records with R=0 will be ignored.
	

	RG
	Grounding dc resistance in ohms. RG = 0.0 by default (no grounding resistance, e.g. solidly grounded).
	



[bookmark: _Toc2260454]Switched Shunt
	Field
	Description
	Source

	BUS
	Bus number of the bus to which the switched shunt reactor is connected. It must be present in SSWG base case data. No default allowed.
	PSSE bus number from the GIC AC Model.

	R
	DC resistance in ohms/phase adjusted to 75°C. It must be > 0. No default allowed. Switched shunt reactor records with R=0 will be ignored.
	

	RG
	Grounding DC resistance in ohms. RG = 0.0 by default (no grounding resistance, e.g. solidly grounded).
	




[bookmark: _Toc2260455]2TDC
This section is used to model converter transformers at two terminal HVDC stations, explicitly for transformers not in the GIC AC Model. These converters transformers are not modeled in the GIC AC Model or Network Operations Model. They should be modeled in the 2TDC tab if the converter transformers are not being explicitly modeled.

If not modeling the converter transformer explicitly, use the following example and model the HVDC tie in the 2TDC tab. In the example below, Bus A must exist in the GIC AC Model. This bus is connected to the wye grounded high side of the non-modeled converter transformer. The high side grounded winding resistance of the non-modeled transformer is the R value for the 2TDC entry. 
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	Field
	Description
	Source

	NAME
	Name of the DC line. 12 character limit
	

	BUS
	Rectifier or Inverter bus. Must be in the GIC AC Model
	PSSE bus number from the GIC AC Model.

	ID
	One- or two-character non-blank alphanumeric identifier. Used to specify the ground path as more than one may exist. No default allowed and it cannot be found in the power flow data.
	

	R
	DC resistance in ohms/phase of grounded winding of converter transformer. It must be > 0. R = 0 or null means no ground path.
	

	RG
	Grounding DC resistance in ohms. RG = 0 by default (no grounding resistance, e.g. solidly grounded)
	



[bookmark: _Toc2260456]VSCDC
This section is used to model VSC converter transformers if they are not explicitly model in the GIC AC Model.


	Field
	Description
	Source

	NAME
	Name of the DC line. 12 character limit
	

	BUS
	Rectifier or Inverter bus. Must be in the GIC AC Model
	PSSE bus number from the GIC AC Model.

	ID
	One- or two-character non-blank alphanumeric identifier. Used to specify the ground path as more than one may exist. No default allowed and it cannot be found in the power flow data.
	

	R
	DC resistance in ohms/phase of grounded winding of converter transformer. It must be > 0. R = 0 or null means no ground path.
	

	RG
	Grounding DC resistance in ohms. RG = 0 by default (no grounding resistance, e.g. solidly grounded)
	



[bookmark: _Toc2260457]Autotransformer Examples
Here are some examples of autotransformer configurations and how to find winding values. For more information and an example on determining the winding resistance for autotransformers, refer to Section 13.1.
Example 1:
[image: ]
NOTE: For the GIC DC Model, resistance values represent common, series, and tertiary resistance values, not high, low, and tertiary winding values for autotransformers. The bus that the lower voltage winding is connected to is treated as the common bus winding. While the vector group is defined by the high voltage winding, low voltage winding2, and the tertiary winding designations.

Thus if,
RH1H0 = 0.5 Ω, RX1X0 = 0.2 Ω (C = 0.2 Ω, S =0.3 Ω), RY1Y2 = 0.07 Ω, and
Winding 1 = 345 kV Wye, Winding 2 = 138 kV Wye, Winding 3 = 13.8 kV Delta and the transformer is an autotransformer
Then, 
WRI = 0.3 Ω, WRJ = 0.2 Ω, WRK = 0.07 Ω and VECGRP = YNa0d1

Example 2:
[image: ]
NOTE: For the GIC DC Model, resistance values represent common, series, and tertiary resistance values, not high, low, and tertiary winding values for autotransformers. The bus that the lower voltage winding is connected to is treated as the common bus winding. While the vector group is defined by the high voltage winding, low voltage winding2, and the tertiary winding designations.

Thus if,
RH1H0 = 0.25 Ω, RX1X0 = 0.10 Ω (C = 0.10 Ω, S = 0.15 Ω), and
Winding 1 = 69 kV Wye, Winding 2 = 138 kV Wye, and the transformer is an autotransformer
Then, 
WRI = 0.15 Ω, WRJ = 0.10 Ω and VECGRP = YNa0

[bookmark: _Toc2260458]Transformer Winding Order
When modeling transformer windings, ensure that the I, J, and K bus order in the GIC DC Model match that in the GIC AC Model. The winding values should reflect the appropriate bus. Therefore winding 1 should reflect the winding connected to Bus I, and winding 2 should reflect the winding connected to the J bus, etc.… The bus order is not determined by voltage.

For autotransformers, the series and common designation is based on the winding voltage in the GIC AC Model. They bus order does not need to reflect voltage.
[bookmark: _Toc2260459]Autotransformer Winding Example
Using the following autotransformer as an example, here is how to determine the DC resistances of WRI and WRJ in the GIC DC Model.
[image: ]

Starting with the GIC AC Model, look at the I, J, and K bus configuration:

	Bus I
	Bus J

	100
	200


 
Now look at the winding configuration and voltage levels:

	Winding 1
	Winding 2

	345 kV
	138 kV



Given the information so far, we know that winding 1 refers to the winding connected to Bus I or Bus 100.

Switching to the GIC DC Model, the I, J, and K bus configuration should match the GIC AC Case:

	Model
	Bus I
	Bus J

	GIC AC Model
	100
	200

	GIC DC Model
	100
	200



In the GIC DC Model, there DC winding resistances, WRI and WRJ must be entered. Given the previous example, the winding resistances should be as follows:

	WRI
	WRJ

	RS – Series Resistance
	RC – Common Resistance



Now if in the GIC AC Model, the bus and winding order is reversed so that Bus I refers to the low voltage bus:

	Bus I
	Bus J

	200
	100



And

	Winding 1
	Winding 2

	138 kV
	345 kV



Then in the GIC DC Model, the bus order and winding resistances should be as follows:

	Bus I
	Bus J

	200
	100



	WRI
	WRJ

	RC – Common Resistance
	RS – Series Resistance



[bookmark: _Toc2260460]Modeling Assumptions
[bookmark: _Toc2260461]Substations
For substations where the substation grounding resistance is null or zero, it will be changed to 0.1 (the default) as null or zero is interpreted as ungrounded by PSSE. 

For REs’ substations that have 99999 as their grounding resistance, ERCOT will modified those values to 99 per PGDTF request. 

When a substations latitude and longitude are null, ERCOT will use latitude and longitude values from NMMS. If the earth model is null, then ERCOT will assign an earth model based on the latitude and longitude of the substation.

When a REs substation is adjacent to the TSP station, REs should enter 0 for the substation grounding resistance and ERCOT will model the RE station as needed.

When there are two adjacent substations that share a ground grid and each have an individual substation grounding resistance, the ground resistance of each substation should account for the adjacent station.


[bookmark: _Toc2260462]Earth Model
For determining the Earth Model, the USGS regional conductivity map should be used.
[image: ]

USGS Earth Conductivity Regions
	Name
	Description

	AK1A
	Adirondack Mountains-1A

	AK1B
	Adirondack Mountains-1B

	AP1
	Appalachian Plateaus

	AP2
	Northern Appalachian Plateaus

	BR1
	Northwest Basin and Range

	CL1
	Colorado Plateau

	CO1
	Columbia Plateau

	CP1
	Coastal Plain (South Carolina)

	CP2
	Coastal Plain (Georgia)

	CS1
	Cascade-Sierra Mountains

	IP1
	Interior Plains (North Dakota)

	IP2
	Interior Plains

	IP3
	Interior Plains (Michigan)

	IP4
	Interior Plains (Great Plains)

	NE1
	New England

	PB1
	Pacific Border (Willamette Valley)

	PB2
	Pacific Border (Puget Lowlands)

	PT1
	Piedmont

	SL1
	St. Lawrence Lowlands

	SU1
	Superior Upland



[bookmark: _Toc2260463]Transformers
[bookmark: _Toc2260464]Vector Groups
If there is no vector group for a transformer, it will be assumed to be wye grounded on both voltage levels with a delta tertiary for three winding transformers.

For REs’ transformers that have 99999 as their Delta side grounding resistance, it will be modified to 0. Grounding resistances of 99999 will be modified to 0 for REs’ transformers with “YNyn” configuration.

[bookmark: _Toc2260465]K Factors
When no K-factor or core type is provided, a k-factor is selected based on high side voltage. When a core type is specified, but the k-factor is not, a generic k-factor will be used for the given core type. These k-factors are described in [2] which is also the source of the generic k-factors used by PSSE. If the k-factor is not defined, then these are the assumptions used by PSSE. Do not use the assumptions when modeling the transformer. If the k-factor is not known, set the k-factor to 0. The k-factor assumptions are:

	Core Design
	K-Factor

	Single Phase
	1.18

	Three Phase Shell Form
	0.33

	Three Phase 3 Legged Core Form
	0.29

	Three Phase 5 Legged Core Form
	0.66

	Three Phase 7 Legged Core Form
	0.66



If the core design is not known, the k-factor is based on the transformer voltage level with the following assumptions in PSSE:

	Voltage Level
	K-Factor

	Voltage <=200kV
	0.6

	200kV > Voltage <=400kV
	0.6

	Voltage > 400kV
	1.1







[bookmark: _Toc2260466]Winding Resistance
Transformer winding resistances should be obtained from the transformer test report. For transformers that are in planning and a test report is not available, the winding resistances can be assumed using values from a similar transformer.
[bookmark: _Toc2260467]Phase Mapping
In the GIC DC Model, the system is formed as a single phase system. Therefore, any three phase measurements must be converted to single phase by dividing by three.
[image: ]

[bookmark: _Toc2260468]Transformer Neutral Blocking Device Modeling
There should be no neutral blocking devices in the GIC DC Model. If one is to be modeled, notify the ERCOT Modeler before submitting it. To place a neutral blocking device on a transformer winding, set the appropriate GICBDI,GICBDJ/GICBDK value to 1.

A neutral blocking device in the DC Model is modeled as a resistor between the transformer and the substations ground grid. It should be 100 µΩ for a solid ground modeled as a resistor and 1 MΩ for a capacitor modeled as a resistance. These resistances should already be enabled in the code and not on the template.

Below is the resistive model of a GIC blocking device.

[image: ]
[bookmark: _Toc2260469]Generation Retirements
If generation retires after the SSWG case has been produced and during the GIC System Model build, the GIC AC Model will be modified to reflect the retirement of said generation resources. 

In the GIC AC Model, the generation resource and associated generation step up (GSU) transformers will be opened, disconnecting them from the system. In the GIC model, the GSUs vector group will be set to a Delta-Delta configuration which will block GIC flows. 

If the amount of generation retired is determined to be significant enough, a redispatching of the GIC AC Model will be needed. ERCOT will then dispatch the case to reflect the new retirements. 

[bookmark: _Toc2260470]Validation Rules
Validation rules are run on new submissions and check that the modified data is acceptable. The purpose of these validation rules is to ensure the integrity of the GIC model and improve model quality.
[bookmark: _Toc2260471]Active Validation Rules

1) Latitude and longitude, flag if: 
a. PlaceHolder for spot A of inactive latitude and longitude rule
b. 25 > latitude > 38
c. -108 > longitude > -94

2) Substation grounding resistance, flag if:
a. Rg > 15
b. Rg ≠ 99 for ungrounded substations

3) Earth Model, flag if not:  BR1, CP2, IP1, or IP4

4) For transformer data, flag if:
a. R (ohms/phase) > 5
b. Winding 1 Resistance < Winding 2 Resistance
c. GICBD (I/J/K) ≠ 0
d. K Factor ≠ 0
e. GRDR (I/J/K) ≠ 0
f. T Model ≠ 0
g. Vector group not specified

5) For shunt data, flag if:
a. R (ohms/phase) = 0
b. RG (ohms) ≠ 0

6) For branch data, flag if:
a. RBRN (ohms/phase) > 4 
b. INDVQ (V) ≠ 0
[bookmark: _Toc2260472]Inactive Validation Rules
The following validation rules are currently deactivated:

1. Latitude and longitude, flag if: 
a. # of digits is less than 4 significant digits (after decimal)
2. For branch data, flag if:
a. Branch mileage > 160 km (found in branch GIC output)
[bookmark: _Toc2260473]Potential Validation Rules
The following rules may become validation rules pending implementation:

1. Transformer Core Type, flag if it is not:
a. -1, 0, 1, 3, 5
[bookmark: _Toc2260474]References
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[bookmark: _Toc2260475]Appendix A: Company Abbreviations
Use the following abbreviations for companies. If your company is not on the list, please contact the ERCOT modeler.

	AEN

	AEP

	BEPC

	BPUB

	BRYN

	CNP

	CPS

	CS

	CTT

	DENTN

	GSEC

	GRLND

	GRNVL

	LCRA

	LPL

	LST

	ONCOR

	RYBRN

	SHRY

	STEC

	STP

	TEXLA

	TMPA

	TNMP

	WETT
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