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Overview

The purpose of this presentation is to show how EPRI's GICHarm

program is being integrated into PowerWorld Simulator to do harmonic

analysis

— This presentation is based on the July 9, 2025 patch, with more functionality
coming soon; it requires PowerWorld Simulator with the Geomagnetically
Induced Current (GIC) Add-on

The motivation for this work is geomagnetically induced currents

(GICs), whether due to geomagnetic disturbances (GMDs) or High

Altitude Electromagnetic Pulses (HEMPSs), can cause significant

harmonics

These harmonics can trip devices, such as capacitors
These impacts need to be considered in doing GIC analysis
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PowerWorld Simulator GIC Analysis
O
e Starting in 2010 PowerWorld Simulator has gradually gained the

ability to model the impacts of GICs, first in the power flow, and later

its time-domain stability analysis

— Initially this as was limited to uniform magnitude and direction electric fields, but

now a variety of time and spatially varying fields are supported
- The NERC diagram
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PowerWorld Simulator GIC Analysis, cont.

o Simulator allows for either Single Snapshot GIC Analysis or Time-
Varying Analysis — the Image shows the Single Snapshot Page

@ GIC Analysis Form
Calculation Mode
© single Snapshot () Time Varying Electric Field Inputs
vy _) Time Varying Series Voltage Inputs () Spatially Uniform Time-Varying E-Field Update Line Voltages (Should be True Unelss Explicitly Entered) Clear Al GIC Input and Values

Calculate GIC Values Clear GIC Values & Indude GIC in Power Flow and Transient Stability Validate Input Data for GIC

, SelectStep Field/Voltage Input  Harmonic Analysis
Field/Voltage Input
v - Options Voltage Input Parameters Hotspot Modeling

DC Current Calculati Electric Field Model Parameters Restrict Lines to which to model DC Voltages  Distance Units N
AC Power Flow Mode ) . - | Indude || Scale Hotspot Value with Geomagnetic Latitude
v . Tables and Resuts Maximum Field ﬂ Volts/km Minimum Line Length 1.61 7 km © Kilometers

Areas Storm Direction 90.0

S .

Hotspot Field in V/km 12,43 8 Scale Hotspot Value with Earth Resistivity

~ Degrees [ Calaulate Voltages for Equivalent Lines =
Buses (O cadak i for ~ i Width of Hotspot in Kilomet 241.40 Earth Restivity Scalar Value
Also Calculate Maximum Direction Values | Calculate Voltages for Low R Lines () Miles — N o
i Generators @ Height of Hotspot in Kilome 241.40 : (_) Region Scalar
: QC Lines . ©Region Hotspot Scalar
Lines Geomagnetic Latitude Scaling Function No Scaling -

Line Shunts ) Approximate with Substation Values | ongitude of Center 90,000
: lioad Earth Resistivity Scaling Region Set  No Resistivity Scaling : & —

Switched Shunts © Interpolate Along Line Path
Substations
Transformers
Multi-Section Lines
System Summary
G-Matrix
Multi-Terminal DC Lir
fl VSC DC Lines
Sensitivity Analysis
v - Non-Uniform Electric Fiel
Geomagnetic Latitud
Earth Resistivity Sca
Earth Resistivity Sca
~ -Harmonic Analysis
Iterations with GICH
PFW Model Summary
OD Buses
0D Gens
OD Loads
0D Switched Shunts

Modeling of Scaling and Hotspots Latitude of Center 45.000

Save Setting to Aux Load AUX Supplemental File Options Clear All GIC Input Fields Close Help



PowerWorld Simulator GIC Analysis, cont.

 Image shows the Time-Varying Electric Field Inputs Analysis page

Caladate GIC Values Clear GIC Vahses [ Indude GIC in Power Flow and Transient Stability Validate Input Data for GIC

© Time Varying Electric Field Inputs
(O spatially Uniform Time-Varying EField.  Cument Time Offset from Reference (Seconds)  0.00 7 (] Caladate GIC on Time Change Clear All GIC Input and Values
_Select Step Field/Voltage Input  Harmonic Analysis
Field|Voltage Input |
v Dptions Modeling of Multiple Time-Varying Electric Field Events
1 DC Current Caloulation Event Count 1 (Actve = 1) Events ott20240510_em3 < @ Active Rename Event Delete Event Clone Event  Earliest Reference Datetime  5/10/2024 3:00:00 PM (UTC) Duration 02:96:30
) AL Power Flow Model
Non tric Fi *b3d, *.dat, =, ——— T Ti Al -
RSl ey -uniform Blectric Field Fles (.b3d, =.dat, = json) I ————) Optor for Loadng Milie Fles of Type | 0% me Seres Votage Inputs for Al Actve Events Tinc Vorin Serkea Sunenary
Areas CriwProjects_2024pEPRI BOFastEPRL Shortb3d ~ ——————— Q Jstselected fie S e Ol ). 0T |SebmTimeVaryg Seres | [y 0 Max, Line Vit 0.00
Clear Exising Time POt or Merging Open File New Event Al after last time in Time Points List End Time Offset (Sec.) 0.00 5
> — I . Do All f Start, End Time = 0 First (Sec.)  0.00
Generators () Clear Existing @ Merge () Prompt for New Event Name Allbefore st tme in TmePomts st oo ey il @00 alfstart, =0 Pt )3 Max. Sub Vjm  0.00
Eﬁ:‘?‘ 8 Setup Time Varying SeriesonLoad | Save Non-uniform Fields in PWB Fie = paiacl]l s
{ Line Shunte Input Summary for Selected Event
Loads Starting Tme (Seconds) 0,00 Starting Latitude 35.00 Startng Longitude _85.00
1 Swatched Shunts
S Endng Tme (Seconds)  9990.00  Ending Latitude #8.50  Endnglongitude -65.50
h Transformers Number of Tme Points 1000 Mumber DataPoints 1120
’s":‘;?“’m "":‘ Interpolated Offset Tme 0,000 % view Interpolated Offsat Time (Sacands)  Event Reference Datetme 5/10/2024 3:00:00 PM (UTC) Change Datetime  Fractional Second 0,000 5 (] Use Local Time Zone
G-Matrix B3D Save Format Version Scale or Shift All Input Points
Li £ Save Selected Time Ponts B30 Fie Save Al Events in B3D File - -
4 Mmj"&im St = i b e e O Latest (Five) Latitude Shift (Degrees) 0.000 & Magnitude Scalar  1.000 T StretchScalar  1.000 T
nes
Sensitivity Andlysis Change Start Date and Time to Zero Time Offset Delete Event O Three Longitude Shift (Degrass) 0.000 5 Shift, Scale and or Stretch al Time Point Grid Values
% |~ Non-Uniform Blectric Field S
q Geomagnete Latitude S Time Ponts (Select Point to Preview) Show Interpolated Values
Earth Resstivity Scaling| Time Offset, Maxi Save in Fil Date/Time | Latitude  40.00 - Longitude 0.00 5 Getinterpolated Value Eastward Northward [} indude All Active Events
Earth Resstivity Scaling| Seconds | Electric Field, | Electric Field | Electric Field =
~ - Harmonic Analysic Vikm Longitude Latitude Time Point Grid Preview (First Entry is the Eastward Value, the Second the Northward)
Iterabaons with GICHarm| ; 5000 3 :3?2 o Longitude Latitude Distanceto | Electric Field | ElectricField | Electric Field |ElectricField | Data Quality
PFW Model Summary _3] =ty Station (km) East, V/km North, V/km Magnitude, |Angle, Compas:
0D Buses . Vikm Degrees
0D Gens B -1.0000 3 0.2189 £
0D Loads & 2| 1.&”:4?0 1872 1562 9.2f33‘5
0D Switched Shunts 7| H -:ﬁ Egégf
-1 : 0075
0D Lnes | 5 -1.0000 0.24 S 0.5150
00 Line Shunts ___ 9 G 1.0000 =
0D Transformers ___10] 7 -1.0000
0D DC Lines —"'} 5 1,0000 131.4685
0D Substations 3 9 -1.0000 131.4695
0D Areas o 10 -1.0000
e ; : L
1.0
Data in DSS Fles 15 13 "
17 14
19 15
13 16 -1.0000
= 2t 17 1,0000
T 1 -1.0000
Save Settng to Aux Load AUX Supplemental File Optons Clear All GIC Input Fields Close Help



Adding Harmonic Analysis to GIC Calculations

e Standard power flow GIC analysis involves

1.
2.

Using an assumed electric field, calculate the GICs

Solve a GIC-enhanced power flow in which the transformer reactive power
losses include a GIC dependent component

« With harmonic analysis this can optionally become

1.
2.

Using an assumed electric field, calculate the GICs

Solve a GIC-enhanced power flow, in which the transformer reactive power
losses include a GIC dependent component

Calculate the harmonics, with bus voltage total harmonic distortion (THDv) key

Determine if any devices (e.g., capacitors) need to be outaged; if so, remove
them and goto to 1; otherwise done



Integrated Harmonic Analysis in Simulator

The Simulator GIC Analysis
Form now has a page to
make this process fully
automatic

- A manual process is also
provided to help in the initial
setup of a simulation

— Scripting commands will be

added in the new future
This requires GICHarm
be installed on the
computer

D GIC Analysis Form

Calculation Mode 5
: Calcudate GIC Valu Indude GIC in Power Flow and Transient Stabil ] C
D ; e e e G e Clear GIC Vaiues [ = ty Valdate Input Data for GIC
() Time Varying Series Voltage Inputs () Spatially Uniform Time-Varying E-Field {8 Update Line Voltages (Should be True Uneles Explicitly Entered) Clear All GIC Input and Values
Select Step FieldVoltage Input  Harmonic Analysis
Feld Vi
= Df:i\:w Thout Integrated Tool with Options and Status Manaul Process tegrated Analysis Tool Opbons
DC Current Caladation Initial Error Check, Reset [terations  Directories and Fles

Run Integrated Analysis with GICHarm GICHarm Program Drectory: C: W e
AC Power Flow Model “ i i: il e

Solve Power Flow with GIC Values
~  Tables and Results

Export Case in OpenDSS Format for GICHarm Analysis

Areas Status Save Case in Open D55 Format
Bus : Save Directory  Ci'\aProjects_2024\sEPRI_B3DFast Brow
,eﬁam PFW Models Applied Manually Run GICHarm
= B Export GIC Flows  GIC Flow File Name (*.csv) GICFlows.csv
DC Lines Current [teration Number 1 Import Selected GICHarm Results
Lines
Status Change Current Iteration 3 Solution Process Options
Line Shun! PFW Models, Store Iteration |
e s | Aoply PRY Maximum Number of Iterations 1 =)
Lomiy Total Status Changes 13 If Changes Goto Solve Power Flow
Switched Shunts - -
Substations Restore Design PFW Model Values
I‘r::;ri:: Iterations with GICHarm  PPW Model Summary ODBuses ODGens ODLoads 0D Switched Shunts ODLines OODLine Shunts 0D Transformers ODDCLines OD Substaions 0D A«
Muiti-Section Lines
System Summary Number of Bus| Name of Bus D D Active PFW  |Bus THDv Valid| Bus THDv Max |  Bus THDv Bus THDv Bus THDV
Modeiis) Phase A Phase B Phase C
G-Matrix
Multi Terminal DC Lines 2
V5C DC Lines —al
Sensitivity Analysis A SARDEN CITY 0 1 NO
- Non-Uniform Electric Field S 5 9 MIDLAND 40 1 YES 0.399 0.399 0.261 0.23
Geomagnetic Latitude 5 B 1 NO
th Resistivity Scabng|| | ____ 7/ 1 YES
Earth Resistivity Scalng ] 1 SSTHOVSImple YES
e "”"t”":“' s 10 1 SSTHOvSimple  VES
I f""’“"’ With GICHarm 1 1 SSTHOVSImple  YES
PFW Model Summary 12 1 SSTHDwSimple  YES
0D Buses 13 1 SSTHDvSimple YES
0D Gens 14 1 SSTHOVSimple NO
0D Loads 1 1 mple {3
0D Switched Shunts 16} 1 DvSimple VES
1 1 Simple YES
QD Lines —T 4
=
OD Line Shunts 18 1 SII'\':DM YES
19 STHOvSimple NO
0D Transformers 20 SSTHOVSimple  NO
0D DC Lines 21 SSTHODvSimple YES
0D Substations 22 NO
CD Areas 23 SSTHDvSIimple YES
10D Zones 2
Data in D55 Files 25 SSTHOVSImple YES
2 S5THDvSIimple YES
27! SSTHDvSIimple YES
28 SSTHOVSimple NG
29 J YES
30 SSTHDvSimple YES
3 SSTHDWSImple YES
EE) CCTHM S il s [1a]
Save Sething to Aux Load ALX Supplemantal File Options Clear All GIC Input Fields




Background: Electric Grid Harmonics

e Large-scale electric grids usually operate at 50 or 60 Hz for their
fundamental frequency

- Smaller systems (e.g., aircraft) operate at higher frequencies, which has
advantages in for devices such as generators and motors

- However, inductive reactance increases linearly with frequency, so higher
frequencies are not practical for large-scale grids
* Integer multiples of the fundamental frequency are known as
narmonics; harmonics have always been present in grids

« Harmonics can be created in different ways, including power electronics
oads and by GICs causing transformer saturation (the focus here)
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Two Useful References

There are several good books on harmonics and the associated topic
of power quality

For people looking for a quick overview, a good reference is
web.ecs.baylor.edu/faculty/grady/understanding_power_system_harmonics_grady_april_2012.pdf

(Grady2012)

A great (and free) document looking at the assessment of the
harmonics caused by GMDs is EPRI’'s “Assessment Guide:
Geomagnetic Disturbance Harmonic Impacts and Asset Withstand
Capabilities” (EPRI2019)

- Available at www.epri.com/research/products/000000003002017707
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Periodic Signals, Fourier Series and Harmonics

 Almost any periodic signal with frequency f can be represented as
a Fourier series consisting of the
signal’s dc value and sinusoidals
with integer multiples of f £

- The fundamental frequency is f,
2f Is the second harmonics, etc.

e A signal with half-wave symmetry
will only have odd harmonics

 The image shows the Fourier
components for desktop computer |
waveform P 21, FC e o, s 1 % nd 5 ot Componer

(N te — 1n thi cihrm, the hurt 10n1 e pe 1\ the Iimc as the
fundar 1 M t veforms do not I tl s prope ty I fact, any cases (e.g.
a 5(]11:“ ve), the ] ak « l } fu 1 1 cor 11 onen llldll_\_«" grcmcr than the
Image from Grady2012 peak ¢ m 1 site .)

peres




Background: Total Harmonic Distortion (THD)

e Total harmonic distortion (THD) is used to quantify the amount of
harmonics in a signal, It is defined as the rms value of the
harmonics above the fundamental, divided by the rms of the

fundamental

— It can be applied to (1, 2 L&,
currents and voltages ;{Z[ﬁ] 2;1 ;
=7 =2
e Ifthere are no THD; = 7 7
harmpnlcs then the 5 7
THD Is zero

The same equation form applies to voltage THD), .

Table from Grady2012

12
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Background: Electric Grid Harmonics

« If agridis balanced then each harmonic has a phase sequence:

Table 3.2. Phase Sequence of Harmonics in a Balanced Three-Phase System

Phase
Harmonic Sequence
1 A4

- YLV SN ) [
=N N =N

e Switching devices generate odd harmonics, whereas GICs can
also cause even harmonics

Table from Grady2012
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GIC-Induced Transformer Harmonics

e GMDs and HEMPs cause the guasi-dc
GICs. The superimposed dc GICs can
push transformers into saturation for
part of the ac cycle

e This can cause large harmonics; in the
positive sequence (e.g., power flow)
these harmonics can be represented by
Increased reactive power losses in the
transformer

« However, sometimes they to be
explicitly considered, the focus here

Images: Craig Stiegemeier and Ed Schweitzer, JASON Presentations, June 2011
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Impact of Harmonics

In general harmonics can cause a variety of problems both on the
utility side and the customer side. Grady2012 notes 1) resonance,
2) tripping of sensitive loads, 3) blown fuses/device failures, 4)

transformer overheating, 5) motor heating, 6) overloaded neutrals,

/) telephone interference

EPRI2019 notes impacts on transformers, shunt capacitors, surge

arresters, transmission cables, overhead ac lines, HVYDC, SVCs,

voltage-source converters (VSCs), wind/solar generation, loads

- “Although capacitors are reasonably robust to harmonics, the tendency for
capacitors to amplify harmonic currents and voltages, combined with

relatively short thermal time constants, make capacitors arguably the most
vulnerable to GMD of the major power system components”

15



16

Resonance in LC Circults

 An LC circuit has a resonance Power  Substation Converter
I I S Transf Load
frequency which can amplify the VCS*E”‘\ e ::1
voltages and currents — st x Lo

x " T
£ Dyeg 1 .

[GIC-Ir‘c:u_.r_e:“I Tralls_"frr.'ﬁe- ‘—arll:}]i_JL (_-;

SVs —oap

Parallel Resonance (high voltage distortion at converter load,

oy . . . . , low voltage distortion at points sown the feeder)
I'he inductive reactance of the system at the fundamental frequency is

Y w0l = sis Power  Substation Converter
svs T | ‘SVS§ 0 SO sys T :
o System  Transformer Load
The reactance of the capacitor at the fundamental frequency 1s _/ 3 E J_ ]X
. | - | X T C
Y, = ———— S0 y = ———.
e 1 Cc‘ap o 1 X cap

Series Resonance (low voltage distortion at converter load,
high voltage distortion at points down the feeder)

7 1 ol \/T oy | KXeap y; X cap Figure 5.2. Simple Examples of Parallel and Series Resonance
es — < ({)l = — =N .
2\ Xy P2\ X Xy Images: Grady2012

Substituting mto the f,,; equation yields




Some Values from the May 2024 GMD

 Last year the May 2024 GMD (Gannon Storm) caused GICs of
more than 100 amps "o oee _ NERC: Total GICs

EPRI 2 e
Geoelectric Field (V/km) on 2024-05-11 02:18:30 @ f‘go
50 . ® Q-.. Toronto &
’ EN ® . a
s Wb
45 1 Sotork .
18 ® ‘I‘
. ®
] C@® United States . L
" 40 . % . @ B
2 0.4 " v 009
q Los Angeles Fivapni ® ¢ L ] % v
3 35 R ] . 01.60
a sea7
30 Emag’ = 6.00V/km 0.09
25 1
_120 110 _100 —90 80 o 0.02 Bubble Size Indicates Size of Maximum Reading
1 Edield drection indicated only for Emag = 1.0 Vikm Longitude -
|
- PJM, SVC trip
500 kV Voltage PJ M Vo we e I
A — 765 kV negligible impact g (e ; 0 g
' 500 kV - 10 kV voltage drop 533 g
345 kV negligible impact s 0=
<1230 kV smaller impa o ~ &
: ? 528 = E
S » g
=z
40 0
523 5
£0

10 kV drop

25 kV starts to 518 80
get dangerous S S S5555F5F53353535353555555535353333s3s353s¢:8¢s
L - T - T - - - - T - - T - T - T - T - T - - T - T - T - T - T - T - - T - T - - T - T - T - T - - T - - T - T - T - - T - W - T - T - -
Q00 0000000000000 00C0CC0000CO0O00000CO0O000CO00O0CO0 OO0
N T O NI ON IO NI ON Y ONSIONYONTON YO NTOQNTONTONTON T
gL MM~ O0D O OMMEMNODOOOLIIMAONUDDA NSO NMMFdODOSTOMNMNEASDOSTOMPE
oo OO0 000000000000 ™ ™ ™t ottt
D I I B I I B B B I I B B I B I B o B I I I B B I B I B |

Images: www.nerc.com/pa/RAPA/GMD/Documents/October_2024 GMD_Workshop_Materials.pdf
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Some Values from the May 2024 GMD, cont.

e Various measurements of THDs during the 05/2024 GMD both
from utilities and from the Whisker Lab’s Tin Sensor Network

SSSSS g Storm
Energy Pulse
May 12 0429 UTC
12:29a EDT |

Image sources: www.whiskerlabs.com/analysis-of-total-harmonic-distortion-on-the-us-electric-grid/

18



GIC Harmonic Analysis in PowerWorld Simulator
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The first step is to install GICHarm (v6), which is available open source
from EPRI at epri.com/research/products/000000003002029748

GICHarm requires
EPRI's OpenDSS (also
open source); just use

t
t
t

ne version of OpenDSS
nat Is included with

ne GICHarm download

' pE' Research Portfolio & Thought Leadership Events Training Journal &

< Energy Delivery and Customer Solutions

8 PRE-SW: GICharm v6.0 Beta

Details

Product 1D Date Published Document Type

3002029748 Oct 01, 2024 PRE PRODUCTION SOFTWARE
Abstract

GMD-related harmonics are caused by the part-cycle saturation of transformers.
These harmenic currents and voltages resulting from transformer saturation
have had major impact on system operations and security during severe GMD
events in the past. Harmonics studies are an integral part of any GMD
vulnerability assessment, and as such, are a key component of related reliability
and planning assessments and associated regulatory requirements. This is a
tool needed by the industry to perform an adequate assessment of GMD-related
distortion impacts.

Benefits & Values

The objective of this research is to advance the industry’s ability to perferm an
adequate assessment of GMD-related distortion impacts.

Platform Requirements

Windows 10

Program

2024 40 Transmission Planning

Report
000000003002029748

Q, @ LOGIN/REGISTER

$ 0 (US Dollars)

This product is available at no cost to funding members only. If you are a
member, you must log in to access.

If you are a nen-funding individual or entity and wish to purchase this document,
please cantact the EPRI Order Center at 1-800-313-3774 Option 2 or 650-855-
2121, You may also send an email to orders( s

om.

Keywords
Harmonics Geomagnetic dist (GMD)
Geomagnetic-induced current (GIC) Geomagnetic storm scenario
Notes

h

the EFRI Customer Assistance Center at

Having Trouble Downloading? v
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GIC Harmonic Analysis

e Adding harmonic analysis requires performing the following steps

1. Solve the power flow with the desired GMD (or HEMP) electric field; the
power flow should include models representing the sensitivity of
components (e.g., shunt capacitors) to harmonics (e.g., THDv), and should
have the ability to store at least the bus THDv values

Save the power flow model in OpenDSS format
Use GICHarm to solve for the harmonics
Load the harmonic information (e.g., bus THDv) into the power flow

If harmonics are below trip values then done; others trip the associated
devices and go to 1.

 The PowerWorld GICHarm integration automates this, but first
we’ll step through it manually

a B W N
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Analysis Using PowerWorld and GICHarm Separately

 Load a case in PowerWorld and save it in the *.raw format (version
33) and save a *.gic file (version 4)

e This example uses the 200 bus available at
electricgrids.engr.tamu.edu/electric-grid-test-cases/

This is a synthetic power system model that does NOT represent
the actual grid. It was developed as part of the US ARPA-E

Synthetic Cases from ARPA-E GridData Program ine model development approach, user

A.B. Birchfield, T Xu, K.M. Gegner, K.5. Shetye, and
TJ "Grid cl

Synthetic electric grid models are fictitious representations that are designed to be statistic d functionally similar to actual electric grids while containing no Validation Criteria for Synthetic Networks,” to
y (=1 ¥ =

. . . 4 ) ) B ) appear, IEEE Tra on Power 2017.
confidential critical energy infrastructure information (CEIl). Some of these cases were de ed with the support of the U.5. DOE ARPA-E Grid Data program; For more contact edu

their support is gratefully acknowledged. Specific references for the creation and validation of these cases here

(]

ACTIVSg200: 200 bus synthetic grid on footprint of Central Illinois
ACTIVSg500: 500 bus synthetic grid on footprint of South Carolina
ACTIVSg2000: 2000 bus synthetic grid on footprint of Texas
ACTIVSg10k: 10,000 bus synthetic grid on footprint of western United States
ACTIVSg25k: 25,000 bus synthetic grid on footprint of northeastern United States - iy [ElVM] [eld3
ACTIVSg70k: 70,000 bus synthetic grid on footprint of eastern United States

=
o
=

Synthetic PMU Data for the 2000-bus case

Pyl T --;--;ﬂ' -
-

L L
P, Meaag, )
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Separate Analysis: Solve for the GICs and Export

o After loading the case, select Add Ons, GIC,; go to the Single
Snapshot page, set the Maximum Electric Field to 1.14 Volts/mile
and set the Storm Direction to 45 degrees; make sure Include GIC
In Power Flow and Transient Stability is checked; solve the power
flow, and then save the results as a 1) *.raw file (version 33), and 2)
on the GIC Analysis Form
select Supplemental File ’@m ‘ s catre v o 5 v e T s i

© single Snapshot (_) Time Varying Electric Field Inputs
- * . (_) Time Varying Series Voltage Inputs () Spatially Uniform Time-Varying E-Field Update Line Voltages (Should be True Unelss Bx lictly Entered)
Options to save the *.giCc / «=
Generators
. DC Lines oltage Input Parameters Hotspot Modeling
(Ve rS I O n 4) Lines Electric Field Model Parameters Restrict Lines to which to model DC Voltages Distance Units
Line Shunts “ . - [ Indude
Loaks | Maximum Field 1. H_ - Volts/mile  Minimum Line Length 1.00 - mile O Kilometers " as
i S Storm Direction 45.0 = Degrees () Calaulate Voltages for Equivalent Lines TRRETRRE
bstations = ‘ Width of Hotsp I
s Also Calculate Maximum Direction Values || Calculate Voltages for Low R Lines © Miles ot of }
ulti-
mmmmmmmmmm Geomagnetic Latitude Scaling Function No Scaling Modeling of Scaling and Hotspots Latitude of Center
GGGGGG o b ,
Multi-Terminal DC Lir Earth Resistivity Scaling Region Set  No Resistivity Scaling . ) Approximate with Substation Values | Longitude of Center
VSC DC L © Interpolate Along Line Path
sitivity Anal
oM, Flectric Fie |

Save Setting to Aux Load AUX Supplemental File Options Clear All GIC Input Fields Close Help
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Separate Analysis: GICHarm, Creating *.dss Files

Start GIC

Load the
produce t

GICHarm V6

- with

In this example

sequence values, but they could be loaded as well

Harm and select Tools, PSS/E to OpenDSS Converter
RAW and GIC files, then select GIC Harmonics Tool to

ne set of *.dss files; the file name should be master_file

= histary
_recovery
pickle_ximrs
8 erm|
Syt bvel matvals Trnmafermrar lovel maebyin commands_file.dss

Cecut Dlectric fisid cety Gircuit piok confirm_kv_bases.dss
de_and_facts_equiv_elernints.dss
de_equiv_gsu mag nonlin load.dss

d_equiv_step_ups.dss

Hamons =
Ll PSSE files S GICharen | eSS e

generator_step_ups.dss

£
generators.dss

QENEratons as Varcs.dss

gic_sourcesdss
Flots Lt ey lines.dss

REV NFRRA] MXFHAT load_transformers.des

13 o o 600 Ioads dss
master_file.dss
mOnorsass
momitors_dc_equiv_gsudss
manitors_ gsudss
manitors_lines.dss
monitors_shunts.dss
manitors_transformers_loads.dss

rams 4 1 b sunts.dss

sw_shunlsdss

default scaling are used for the

transformers dss

_tie_up

v_ties.dss
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Separate Analysis: Solving Harmonics

 Then, still in GICHarm, select File, Open and then select the

saved master_file.dss, which loads
all the other files mo 0e

 Select Load OpenDSS Circuit
 Select Internal GIC Analysis

e | | '
« Set the number of desired internal s 3|
GICHarm iterations (I use 1 for testing) e
e Select Run lterations

— It takes about 14 seconds on my computer)

Individual harmonic evolution




Separate Analysis: Exporting Results

t

ﬂ Export tool

THOw monitored busbars

Busbar

0 75 _brimfieldd

1 100_champaig...
2 116_eastpeorial
3 98 _dunlap0

4 1863 _champaig..
5 195_gibsongity...
6 156_peoria20
7123 bartonwilled
B 133 _pekini0

THOw monitored busbars

Blement

Available busbars

THOv Ph. A [%]
0.21124947372004335
0.207B05623B6570394
0.16762892083643927
0.16678186969511773
0.16204948085630004
0.15421274905222412
0.14001169287702533
0.13773637285181697

0.1328600293123481

Export csv files
Selected Elemnent | - All of selected type
Spedra
THOv Ph. B [%] THDvV Ph. C [%]

0.06201357118402232

01642434610457948

0050464497 269932526

0049855147 70368416

0.13754866063508445

0.0706739179316494

0.042565T0082409613

0.04188067522908188

0.04074604514286218

0.21807719383607882

01702649620935496

067604395 7165416

01696931987 794919

0.13144086005765782

0.1489138120928059

0.14345844153414972

0.1411449244762888

0.13575611905628113

Additional information for element

? x

EPRI |

Busbar

75_brimfie
100_cham
11le_ecastp
98 dunlap
163 cham
195 gibso
156_peori:
123 _bartol
133_pekin
194_spring
81_gibsom
95_kenney

|128 norms:

48 rantoul
112 normi
55_ellswor
178 _urban
15_decatu
102_ellswe
181_spring
87 springf
64 paxton
149 spring
45_leroy0
14 _decatu
89_clinton
160_spring
146_hopec
93_tuscol:
66 _mount:
121 clinto
187 clinto

THDv Ph. A [%]

0.211212665
0.206758998
0.167578378
0.166740831
0.161113147
0.153975578
0.139973429
0.137699481
0.132819682
0.130408106
0.124657908
0.119785532
0.116393096
0.113123774
0.112406857

0.10976094
0.109553468
0.103933411
0.103310512
0.100428668
0.099821454
0.099079687
0.093183936
0.092807985
0.089910161
0.086542646
0.084575286
0.076268732
0.074788434
0.064910908
0.059743056
0.053588428

THDv Ph. B [%]

0.061880077
0.163955406
0.050340694
0.049735227
0.137227734
0.070389746
0.042469503
0.041786024
0.040655236
0.126347771
0.068255718
0.115429106
0.04928657
0.070709947
0.048311083
0.051230811
0.088365237
0.110724091
0.048422955
0.1010782
0.098269067
0.065691636
0.092235954
0.049590348
0.094649492
0.095050901
0.086421077
0.054673511
0.089991648
0.074332077
0.056114017
0.048353469

THDv Ph. C [%]

"0 save the results select Tools, Export Tool, then select
"HDv monitored busbars and Available busbars

"hen select Selected Element, and give a directory to save the
ndv___available busbars file

0.218080481
0.170482574
0.167606785
0.169696653
0.131586599

0.14888217
143461074
.141147672
.135758985
120955602
.112953835
.103216083
111812819
106334474
.108454395
.104079029
090825766
.080015328
.098865679

0.09489046
0.090725505

0.08758406

0.08492414

0.08690565
0.067664489
0.067364586
0.080432754
0.0695610438
0.058326302
0.050413983
0.049716216
0.045039209

cococoCcoO0ODODOODOOCODO
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Separate Analysis: Loading Results into Simulator

e Simulator now has fields to store and use the bus THDv values
 These can be loaded using the new Harmonic Analysis page on

ne GIC Analysis Form
e This

Calculation Mode

10 Single Snapshot
) Time Varying Series Voltage Inputs

Caculate GIC Vakues Ciear GIC Values [ Inchude GIC in Power Flow and Transient Stabity Vaidate 1 t 1
) Time Varyng Biectric Fiekd Inputs oo Micnte Irout Dale for GF

Spatially Uniform Time-varying E-Field {8 Update Line Voltages (Should be True Linelss Explicitly Entered) Clear Al GIC Input and Values

Select Step Harmonic Analyss

Integrated Tool with Options and Status Manaud Process

Irwtial Error Chadk, Resat Iterations

Integrated Analysss Tool Options
Dwectories and Fles

Run Integrated Analysis with GICHam GICHarm Program Drectory:  C:\GICHam V&

Maximum Number of terations 5 & Export Case n OpenDSS Format for GICHarm Analyss
Status Awew G I (pm £135 Pt Save Diectory C:\aaaaGICHarm _Testing\GIC_2006us),
Mot Intalized
B Export GIC Flows  31C Fiow File Name (*.csv)  GICFiows.csv
Mui-Section Lines Current Iteration Number o

System Summary Selected Areas for Indusion

Status Change Current Tberation

G-Matrix O il reas Use OD Areas Extra Bus Tiers to Include
Mults-Terminal DC Lir Total Status Changes Use AreafZone Fiters
VSC DC Lines

Sensitivity Analysis
w - Mon-Uniform Blectric Fel

Included in
GICHArm

Neutral Node
Humer

Active PFW
Model(s)

Number of Bus| Name of Bus Bus THOv

o l OpenDSS ID

|BUS THDv vm1 Bus THDv Max

Bus THDw | Bus THDv |—'-nual!.lur |F|oﬂ|!.lul:-ple

age Is used for automatic and manual analysis

Import GICHamm Results

Browse... Results Sublwectory  results_scenanios'Scenario_0
(The Results SubDirectory is in the Save Directory)
Browss Import Fie Type Names

THDv Monitored BusBars  thav

| Import Selected GICHarm Results

Debug: Truncate Names to 12 for Raw Export, Unigue

Iterations with GICHarm  PFW Model Summary  ODBuses ODGens ODlocads OD SwitchedSwnis ODLnes ODLineShunis ODTransformers ODDCLnes OO Substations 0D Areas ODZones Datain DSS Fles

Phase C

Phaie A

]

[terabons with GICH

PFW Model Summanr,

&

0D Line Shunts
0D Transformars
00 DC Lines

0D Substations
0D Areas

0D Zones

Data in DSS Fies

Sove Settng to Aux Load ALY Supplemental File Options Clear All GIC Input Fiekds

Phase B

___avalable MRS csv

Here the values
are manually
loaded from the
*.csv file
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Separate Analysis: Loading Results into Simulator

« The THDv fields are regular Simulator fields, though they are read
only
-~ GICHarm doesn’t calculate the values at all buses

o o
B <
5 Column Opbors  Display Options  Data View Layouts
> uses
' — SR s .. - = = . Available Fiell Find Field... Show these fields in this order
Etors = D E'E Ll B B ?;‘!, Records » Geo~ Set~ Columns ~ E' 'E'.'!' '.1-1;-'3' T B ‘g}‘,, i~ B | Options - - P 1 Add > e
X ; >
Recént Filter |Advanced = |Bus | - | Find... Remove Quick Filter ~ . Datallheck N Mame
©-REMOVE | Harmonics {THDv Valid
- Network Number | Name | THDv Valid |THD\| Phase A |THDv Phase B |THDv Phase C[THDv Max W| SubName | SubMum | Zone Name | ZoneN 2 Datagaintainer m‘:ngm
Branches By Type ’ Diffegrce Coae Move Up Hunmonka\THEN
B8 Branches Input (246) = 75 BRI 0 YES o2n 0.062 DumBBy Bus Harmanics {THOWC
B Branches State (246) £ 100 c ves o 8104 SR Move Down Huwusm\m:l
» B Buses 5 e 167 %05 Equigalendng Ms:mm
1 4 116 YES 0.168 0.050 "
DC Transmission Lines — % 0 ¢
il OC Transmission L 163 C+ YES 0.161 0.137 i U Zone'ame
> {7 Generators (49) € 195 ¢ 1L YES 0.154 0.070 Floggtiuee pus dactiobe
i 1 e Come 7 156 YES 0.140 0.042 Geirators Eo s
. = Area'Name
> @ 3| 123 YES 0.138 0.042 Gy petors Type Unit Fuel = Color
& 3 133 VES 0.133 0.041 GWaphy —Entersble | 5200 g:‘ssms:m im
» R Loads (160) 194 0.130 0126 » Geomagnetically Induced Current Voltage' kv Nominal
HH Mismatches (200 g:'-':g g.HS . S Harmonics :Sﬁ‘iﬂaﬂ:’wm
y B Multi-Terminal D e : 8T 4 "
% Mutti-Terminal D 0.116 0.049 = voltage \Angle (degrees)
H switched Shunts (4) 0.113 0.07M N Loads MW
HR Theee-winding Transformers 0112 0.048 =
B8 manstormer Controls (56) 0,104 0.111 L
y B . " - 0.110 0.051 ® |_| Show Column Headers
e g-‘ég gﬁ toborid = ColWidth  TotalDigits  DecPlaces
.1 ! String - - -
i Eﬁ i 0.100 0.101 Epond ||| Lo [ o frtsger Fromn. 7S 815 33
Aggregations 0.100 0.098 — c Cr trading fter decimal i
Other Aggregations 0.059 0.066 [Show Varisbie Names @ Floatng Pont . __|Remove zefos & poin
H areas ) 0.087 0.095 Field |s She 13 Contour Column
HH Ccase Summary (1) 0.090 0,095 i
» BB Injection Groups 0.083 0.082 Reset to Factory Defaults Save Custom Settings Hon Default Yalue
+ B in 0.083 0.050
> L{' -
R 1stanas ) ggag gg oK Save Cancel Help
% Multh.s . 0.076 0,055
BH. MW Trany 0.065 0.074 4 87
&ﬁ Cwners (1) 0.060 0.056 -88.81
B substations (111) 0.054 0.048 -58.83
HH supe .3 B -86.40
BH e £9.07
T & 2842
B zones M = 2883
I 8.4

Case Information and Auxiliary

Open New Explorer Search Search Now Options ~



Full Simulator Support of Harmonic Information

Since harmonics is fully integrated into Simulator, all of Simulator’s
capabillities are available for the display of the associated
Information; e.g., case information displays, dialogs, onelines
iIncluding full geographic data view (GDV) support

Simulator Case Info Display Showing
‘o=« GICHarm Bus THDv

2000 Bus Case, Subs_tation GDV of THDv

llllll Advanced 5

28

&

THDv tus Status nchiControl Mode| Au
romectoes] 1 romsen [ e | |

3 iz DERS: 121 Fixe 9.90

- 106 DENC Fixed YES 31.09

1018 LAND 99 Fixed ES 140.21

1020 SPRIN Fixed YES 79.83

1027 LAND .322 C Fixed ES 6.33

1029 AND 294 Fine ES 2

1033 MCCAMEY 0.773 FEEd | ves 20.56

1046 MNAD 4.8593 Fined YES 2.51

1056 LENORAH 0.266 Fixed ES 24.55

1081 ESSA 1 1.346 Fixe ¥ES 146.35

1083 T STO Fined 7.29

108 050 1.243 C 0,95

16 108 FFIELD 3.766 212

17 2009 PAR 932 4.74

18 201 104 C 0.57

139 2m ’ 5.76

20 2017 PAN 5.76

21 2063 DENI 85 0.95

22 2065 GAIN 5.02

23 2069 HOW 26.60

25 2096 RALL a4 04.26

26, 110 MUE 246

— 7 MIA 2.2

28 2 HAS 98
29 3 ABIL

— =nl Fun e
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Separate Analysis: Using THDv Values in Simulator

 The next step is to use the THDv models to determine which
switched shunts to outage

 This could be done manually, but that would get quite tedious and
could not be automated

e The solution iIs to define and use PFW models
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PowerWorld Simulator PFW Models

Over the last three years PowerWorld has been developing a growing
library of models to represent the impact of weather and other
external events on the electric grid; these are known as PFW models

- The first PFW models were developed to model the impact of weather on grid
values, such as the maximum output values for wind and solar, or temperature

on transmission line limits
PFW originally stood for Power Flow Weather, but now it has been
generalized to Power Flow Whatever models

The approach (and actually the code itself) is similar to what is done
for handing the large number of models used with power system
stablility; hence it is a very versatile and expandable approach

New models are easy to implement
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PFW Example: Customized Wind Power Curve

 Customized wind power curve models can also be defined; this
only needs to be done once per wind generator

PFW Models \Weather Details  Apply Time-Varying Weather to PFW Model Weather Interpolation Details

PFW Gen Object 1
Insert Delete —
Type Active - WindGeneral - @ Active (only one may be active) = Set to Defaults E- 0.8
“Pararneters S
Description Speedl 0.00000 ;  PowerScalar5 0.05000 Speed10 - 0.6
AllowTurnOff 1S PowerScalarl 0.00062 Speeds  5.0000 % PowerScalar10 ﬁ
AllowTurnOn 1 Speed2 1.0000  PowerScalar6  0.1599 2 Speedil 1 g 0.4 ——Detailed Model
MWMax 217.0000 - PowerScalar2 0.00062 Speed7 6.0000 - PowerScalar1l S
HubHeightScaler  1.5000 - Speed3  2.0000 © PowerScalar7 03111 Speed12 1 = 0.2 ——Class 2 Model
WindSpeedScaler  1,0500 . PowerScalar3 0.00062 - Speedd8  7.0000 . PowerScalar12
HubHeightM 80.1624 £ Speed4 3.0000  PowerScalar8 0.4988 Speed13 1 0
CutOutiMS 26.0000 - PowerScalard 0.00062 - Speed3 8.0000 - PowerScalar13 0 0 10 15 20 25 30
CutOut2MS  26.0000 Speed5 4.0000 0 PowerScalard  0.7154 Speed14 1 Wind Speed (m/s)
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Additional PFWSs, Including Harmonic Impacts

 Many different PFW models are possible, and they could certainly
be stochastic

 Examples include ambient-adjusted line ratings, dynamic line
ratings, thermal generator output variation with temperature, line
outage due to wind gusts, asset failure during s
earthquakes (see figure with pga=Peak Ground &
Acceleration), incremental impacts of o
temperature on load, etc.

 The modeling of capacitors tripping due to the
bus THDv just required creating a new, guite simple PFW model

= 500KV
— 220KV
25.7KV

Asset
Fragility

pga (g)

Image source: Figure 2.1 of A. Veeramany, G.A. Coles, S.D. Unwin, T.B. Nguyen, J.E Dagle, “Trial Implementation of the High Impact, Low-Frequency
Power Grid Event Risk Framework to Support Informed Decision-Making,” PNNL-25667, October 2016.
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Inserting Capacitor PFW Models for Harmonics

e To quickly insert PFW models for capacitors, on the OD Switched
Shunts case info display select Insert New PFW Models

- Like other models, the PFW models are saved in the pwb

] ¥ s 11t § e
DAVE LITLILNY i @aacairianin_i NNy i JUvDus | Browse... T e 1 T T [’J . 5 . b
THDv Monitored BusBars few
B Export GIC Flows  3IC Flow File Name (*.csv) GICFlows.csv o e - g Status Ener q_uze_dl View Bus Dialog
: = o g S Terminal Voltage
Selected Areas for Indusion Import Selected GICHarm ShuntID 1 Find Rv Nama losed L L

O Al Areas O Use OD Areas Extra Bus Tiers to Indude 0 a

" eemeee | NE USE Of the PFW models is covered next
mmary ODBuses ODGens ODloads ODSwitchedShunts ODLines ODLine Shunts ODTransformers ODDClines OD Substaticli SRULTLIRI: TS O X i n th e M an u al P ro CeSS SeCti O n

D OpenDsS ID Included in | Neutral Node Active PFW Bus THDv Valid| Bus THDv Max | Bus THDv Select Model from the Below List m Mul
GICHarm Numer Model(s) Phase A TEUSAT R UCECE
@® SSTHDvSimple _
1 151 NO 5 SSTHDvSimple __ NO vl —— Dakete
1 951 NO 7 [SSTHDvSimple NO
1 100_1 NO 5 SSTHDvSimple NO Type Active - SSTHDvSimple B Active (only one may be active) = Set to Defaults
1 1941 NO 5 SSTHDvSimple NO Parameters
Integer 05
THDVPercentWarn  3.0000 2
THDVPercentTrip  5.0000
oK Cancel Save Save to Aux Help Print
Show Models Supported By
B prw only PTI
[Clera GE
5 Clear All GIC Input Fields L) BotivtEprd £114

[CJ Only Show Used Models
{8 Limit Models by Machine Model

X cancel
>




34

Simulator Harmonic Analysis Manual Process

What has been covered in the Separate Analysis section can be done
more efficiently using either the step-by-step manual process or in the
automated analysis

When run either manually or automatically the following steps occur

1.
2.
3.

N o O A

Initial error checking and resetting the iterations
Solving the power flow with the GIC values (depends on GIC Calculation Mode)

Exporting the PowerWorld data in OpenDSS format; this also exports a *.csv file
with the GIC values

Automatically running GICHarm to calculate the harmonics

Importing the GICHarm results; currently the bus THDv values

Using PFW Models to update the power flow values (e.g., capacitor statuses)
Repeating until there are no power flow changes or power flow divergence
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Simulator Harmonic Analysis Page

 On the Harmonic Analysis page the full simulation can be done
either manually (a good place to start) or automatically

- Simulator creates its own *.dss files and automatically runs GICHarm

Calculation Mode

-~ Calculate GIC Values Clear GIC Values | [ Indude GIC in Power Flow and Transient Stability
© single Snapshot () Time Varying Electric Field Inputs d - Validate Input Data for GIC
(C) Time Varying Series Voltage Inputs () Spatially Uniform Time-Varying E-Field B Update Line Voltages (Should be True Unelss Explictly Entered) Clear All GIC Input and Values
Select Step Harmonic Analysis
i Generators . -
DC Lines Automated Analysis with Options and Status Manaul Process Automated Analysis Tool Options
Lines Intial Error Chedk. Reset Iterations Directories and Files Import GICHarm Results
| et Run Automated Analysis with GICHarm ep B e v GICHarm Program Directory: C:\GICHarm_V6 _ |Browse... Results SubDirectory  results_scenarios\Scenario_D
—— olve Power Flow wi /alues :
i Loads Cancel | Maximum Number of Iterations 5 b= Export Case in OpenDSS Format for GICHarm Analysis (The Results SubDirectory is in the Save Directory)
i 2“:2? Sunis Status Sive Eatein pen D=5 drna Save Directory C:\aaaaGICHarm_Testing\GIC_200Bus), Browse:.. Import File Type Names
- UDS ons < 3 -
Power Flow Solution Finished THDv Monitored BusBars thdv___available_busbars.csv
-~ Transformers Feiohy P G @ Export GICFlows  5IC Flow File Name (=.csv) GICFlows.csv b _ Bincuce
Multi-Section Lines Current Iteration Number 1] Import Selected GICHarm Results
System Summary S e e T Selected Areas for Indusion Import Selected GICHarm Results
s Change Current Iteration =
G-Matrix o Apply PFW Models, Store Iteration © 4l Areas () Use OD Areas Extra Bus Tiers to Indude 0 7
=
Multi-Terminal DC Lir Total Status Changes If Changes Goto Solve Power Flow (O Use Area/Zone Filters o Debug: Truncate Names to 12 for Raw Export, Unique
VSC DC Lines —

i VY
Sensitivity Analysis Restore Design PFW Model Values

 Non-Uiniform Electric Fiel Iterations with GICHarm PFW Model Summary ODBuses ODGens ODLloads OD Switched Shunts ODLines ODLine Shunts OD Transformers ODDCLlines OD Substations OD Areas OD Zones Data in DSS Files

i-- Geomagnetic Latitud
i Earth Resistivity Sca Number of Busj Name of Bus ID OpenDSS 1D Included in | Neutral Node Active PFW Bus THDv Valid| Bus THDv Max Bus THDv Bus THDv Bus THDv Actual Mvar |From Multiple
L. Earth Resistivity Sca GICHarm Numer Model(s) Phase A Phase B Phase C
o i Analysis 1 15|DECATUR 31 1 15_1 NO 5 SSTHDvSimple NO 3233 NO
.. Iterations with GICH 2 95 KENNEY 0 1 951 NO 7 SSTHDvSimple NO 31.43 NO
H = 3 100 CHAMPAIGN30 1 100_1 NO 5 SSTHDvSimple NO 8443 NO
PFW Model Summary 2 194 SPRINGFIELD1 1 194_1 NO S SSTHDVSimple  NO 53.07 NO
OD Buses
0D Gens

0D Loads
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Simulator Saving in OpenDSS Format

O
 The most challenging aspect of this process is correctly writing
Simulator data in OpenDSS format

- An OpenDSS case consist of many files (currently 24), so they are stored In
their own directory

- Simulator shows all of this data in a single case info display

Harmaonic Analysis

Automated Analysis with Options and Status Manaul Process Automated Analyss Tool Options
5 - Directories and Fles Import GICHarm Results
! Run Automated Analysts with GICHarm ! GICHarm Program Directory:  C:\GICHarm_Vé6 Browse, .. Results SubDirectory results_scanarios\Scenario, 0
& Solve Power Flow with GIC Values - =

Cancel  Maximum Number of Iterations 5 - i Export Case in OpenDSS Format for GICHarm Analysis (The Results SubDirectory is in the Save Directory)
Status el Save Drectory  C:\3asaGICHam _Testing\GIC_2006us\ Fe—— Import Fie Type Names
OpenDS5S Fles Saved - THOv Monitored BusBars  thdv___avallable_busbars.csv

snualy Raw SICHar B Export GICFlows  5IC Flow Fie Name (*.csv) GICFiows.cov o
Current [teration Number o Import Selected GICHarm Results -
s s Selected Areas for Indusion Import Selected GICHarm Results
t 4 rpE— =
s Change Current [terabon Apply PFW Models, Store Iteration O Al Areas () Use OD Areas Extra Bus Tiers to Indude 0 S

Total Status Changes If Changes Goto Solve Power Flow JUse Area/Zone Fiters Debug: Truncate Names to 12 for Raw Export, Unique

Restore Design PPW Model Values

Iterations with GICHarm PFW Model Summary ODBuses 0D Gens ODloads OD Switched Shunts ODLlines ODLine Shunts 0D Transformers ODDCLines 0D Substations OD Areas 0D Zones Datain DSS Files

DSS File Line

-
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For the 200 bus
case this file has
about 2700 lines
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Running the GICHarm Batch Analysis Tool

During this solution the GICHarm Batch Analysis tool is used
(GIC_Harm_CMD.exe)

Simulator has a dialog for controlling it

Calculation Mode
© single Snapshot
( : ) Time Varying Series Voltage Inputs

ey

Generators

DC Lines

Lines

Line Shunts

Loads

Switched Shunts
Substations
Transformers
Multi-Section Lines
System Summary
G-Matrix
Multi-Terminal DC Lir
VSC DC Lines

Sensitivity Analysis
v - Non-Uniform Electric Fiel

Geomagnetic Latitud
Earth Resistivity Sca
Earth Resistivity Sca

v - Harmonic Analysis

Iterations with GICH
PFW Model Summary
OD Buses

0D Gens

0D Loads

0D Switched Shunts
0N lines

() Time Varying Electric Field Inputs

Harmonic Analysis

Automated Analysis with Options and Status
Run Automated Analysis with GICHarm

Cancel = Maximum Number of Iterations 5

Status
GICHarm Running

(O Spatially Uniform Time-Varying E-Field

Calaulate GIC Values

Clear GIC Values B Indude GIC in Power Flow and Transient Stability

8 Update Line Voltages (Should be True Unelss Explicitly Entered)

Manaul Process

4r

Current Iteration Number
Status Change Current Iteration

Total Status Changes

Iterations with GICHarm PFW Model Summary OD Buses

ODGens ODLloads OD Switched Shun

Pone

Automated Analysis Tool Options

Directories and Files

GICHarm Program Directory: C:\GICHarm_V&

Validate Input Data for GIC

Clear All GIC Input and Values

External Process  C:\GICHarm_V6\GIC_Harm_CMD.exe

Browse...

External Process Form
Save Case in Open DSS Format

Be...

Extra Parameters --model "C:\aaaaGICHarm_Testing\GIC_200Bus\\Master_File.dss" —sce

Run Process

Status

(] Automatically Close This Form When Finished

Status Update Time Interval (mSec)

‘ Close |

500 %

-
v

OD Zones

Import GICHarm Results
Results SubDirectory results_scenarios\Scenario_0
(The Results SubDirectory is in the Save Directory)
Import File Type Names
THDv Monitored BusBars thdv___available_busbars.csv

Import Selected GICHarm Results

Data in DSS Files

—
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Process Options

 Currently there are only a few solution options, but more will be
coming soon; these include

- The directory containing the GICHarm program
- The directory to use for saving the OpenDSS format (*.dss) files and the

GIC flows
- The results subdirectory and the OpenDSS result files to load

Automated Analysis Tool Options

Directories and Files Import GICHarm Results
GICHarm Program Directory:  C:\GICHarm_V6 Browse... Results SubDirectory results_scenarios\Scenario_0
Export Case in OpenDSS Format for GICHarm Analysis (The Results SubDirectory is in the Save Directory)
Save Directory C:\aaaaGICHarm_Testing\GIC_200Bus\ Browse. .. Import File Type Names
; THDv Monitored BusBars thdv___available_busbars.csv 8 indude

8 Export GIC Flows  3IC Flow File Name (*.csv) GICFlows.csv

Sedschind Areais for Tnckilon Import Selected GICHarm Results

O Al Areas () Use OD Areas Extra Bus Tiers to Indude 0 2

() Use Area/Zone Filters

38
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Summary and Future Directions

 PowerWorld Simulator is being integrated with EPRI's GICHarm
program, allowing for the calculation and application of harmonics
without leaving Simulator

e Beta functionality is currently available in Version 24, with
development, validation and research ongoing

e Currently the focus is on useing the bus THDv values, but additional
values will be available in the future

 The functionality leverages the versatility of the PFW modeling
methodology, which is being applied to weather and other

environment inputs
« Additional options should be added in the near future



Thank You! Questions?
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