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1. Who is Georgia Transmission Corporation?
Georgia Transmission Corporation (GTC) is a transmission only, not-for-profit
cooperative formed in March of 1997. It is one of three companies that were
formed from the restructuring of Oglethorpe Power Corporation (OPC). GTC
provides network transmission services which provide point-to-point services to
38 member EMCs in Georgia. GTC owns more than 3,100 miles of transmission
lines. GTC has access to more than 17,000 miles of transmission lines in
Georgia through the Georgia Integrated Transmission System (ITS) which are
assets owned by GTC, Georgia Power Company (GPC), MEAG Power (MEAG)
and Dalton Utilities.

GTC Owned Transmission Lines

46 kV lines — 275 miles
69 kV lines — 14 miles
115 kV lines — 1132 miles
230 kV lines — 1274 miles
500 kV lines — 477 miles
Total lines — 3172 miles

GTC Owned Substations

Transmission substations - 91
Distribution substations - 569
Total substations — 660



Below is a list of GTC functional areas of which Reliability has the responsibility

for the PQ Dashboard.

Planning

GTC Functional Areas

Engineering

Construction

Maintenance

Support

* Bulk System * Substation and * Substation * System Services
Planning T/L Design Maintenance  Reliability
*Member Planning | *Relay/Control * Transmission Line * Finance, Treasury,
* Area Planning Design Maintenance Administration, Legal
* System * Transmission » Electronics * Procurement
Protection & Pro;ects Maintenance * External Affairs
Control * Land Services * Relay Maintenance * Audit/Compliance
* Environmental * Cyber Operations *Human Resources
* Construction a Safety/T rainiﬂ-g
@t S Inspection * Project Reporting

2. What lead up to GTC choosing to use the EPRI PQ Dashboard and open
software?
Over the past several years GTC had been looking for additional ways to use
data from the 75 plus DFR/SERs that it has. GTC has DFR/SERs in all of its
transmission stations and some sub-transmission stations. Before the PQ
Dashboard, GTC only used DFR/SER data for fault analysis, distance to fault
location and lightning correlation. GTC did not review triggered non fault events
unless requested by a customer or EMC for electrical system disturbances (sags,
swells, etc.). It was the desire of GTC to find a way to quickly review all system
disturbances in hopes of finding problems and fixing them. GTC wanted to look
at stations where the DFR/SER has recurring triggering and review and
investigate the problem as needed.

From the previous Georgia Tech Fault Analysis conferences, GTC had heard
about the benefits of using open source software, where development of
software by one company can be used by other companies. Presentations by
Fred Elmendorf, Grid Protection Alliance (GPA), at the 2014 Georgia Tech Fault
Analysis conferences led GTC to talk to GPA as well as going to Dominion
Virginia Power to look at the work they had done with single and double-ended
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3.

faults in the EPRI openXDA software. We also traveled to TVA to look at the
work they had done with the PQ Dashboard and power quality meters. After
meeting with GPA, Dominion Virginia Power and TVA, GTC decided to establish
a contract with GPA for the EPRI PQ Dashboard product to use it with GTC’s
Digital Fault Recorder data. GTC uses both USI and APP brands of DFR/SERS.
The openXDA program would use Comtrade data files from both brands of
DFR/SERs and display the results in the PQ Dashboard.

GTC 2015 goals for the PQ Dashboard and openXDA program:
The PQ Dashboard would provide a visualization tool for non-trip events that
take place on the transmission system and a method to identify and classify
these events (Voltage and current sags and swells and other disturbances).

Improving fault location accuracy by focusing on automated double-ended
fault calculations where possible and multiple methods of single-ended
calculations all taking place in near real-time.

Automatically calculate and analyze breaker timing each time a transmission
breaker operates and classify the results in order to identify slow or slowing
breakers before they cause problems.

GTC believes the above goals will lead to improved system reliability by:
I.  Reviewing the PQ Dashboard and GTC being proactive in looking at
non-trip events to determine if a corrective action is needed.

II.  Having a more accurate distance to fault location which should
improve switching time during restoration.

[ll.  Identifying slowing breakers before they cause a problem such as
breaker failure.



4. How the PQ Dashboard functions:
The openXDA program analyzes the data from the DFR/SER Comtrade files and
then displays the data on the PQ Dashboard which is running on a browser.

Below is a diagram of the server and database configuration.

openXDA/PQ Dashboard
Server and Database Configuration

DFR Server \ @ / PQ Dashboard

* Digital Fault Recorder data is pushed * Eventdata and calculationsare displayedinthe
to the Web Server by PeerSync PQ Dashboard which runs in a browser
software Web Server and Database Server * Selectgroup ofindividualsreceive Fault

notification emails

* Containsall the pushed DFR Event data;
COMTRADE and Line Configuration files

* File Watcher program looks for new files to
process

* openXDA program analyzesthe file data and
updates the database with calculations

* openXDA Database is Microsoft SQL Server



5. What GTC needed to do to apply the PQ Dashboard to Digital Fault
Recorders:

a) Events and Faults — openXDA uses five methods to calculate single-
ended distance to fault, and one double-ended method. For openXDA to
calculate distance to faults by all single-ended methods and the double-
ended method each transmission line needs a unique identifier. The
DFR/SERs identify the line by a line ID number. In the case of a double-
ended fault calculation, each end of the line would have the same Line ID
even though the DFR/SER ID and Station name is different. The openXDA
program identifies a GTC DFR/SER is located on both ends of the line and
does a double-ended calculation as well as all single-ended methods from
each end of the line.

Below is a description of the data cleanup and equipment and software additions that
had to be made to incorporate openXDA and the PQ Dashboard display. The data
cleanup was needed to support the openXDA software single and double-ended
distance to fault calulations.

WORK TO CLEAN UP ALL LINE

GTCDFRs ID NUMBERS AND LINE
STRUCTURE FILES IN ORDER

TO FACILITATE DOUBLE
GTC DER ENDED FAULT CALCULATIONS
SERVERS PEER-SYNC SOFTWARE
ADDED TO PUSH DATA TO

NEW SERVER

GTC OPENXDA & GRID PROTECTION ALLIANCE

PQDASHBOARD Ve LA
PROGRAMMING TO READ

SERVER THE COMTRADE FILES
PRODUCED BY THE DFRs AND
PERFORM DISTANCE TO
FAULT CALCULATIONS

GTC
PQDASHBOARD




Below are screen shots from the USI and APP DFR/SERs Line Files showing the Line
ID location. The line ID’s were audited and corrected to match the ITS numbering of the
lines.

AFP M odified:09/03/201 5-08: 40:08
Recorder 1D: RO3:Morth Commerce 11546 25k

Ll

NORTH COMMERCE - GCE BE2 - HOMER 4EK LIME

Line 1D: I21 k) \ Breaker 1 1D: |2'||:"352 Breaker 2 1D: I

Line Name : - | Add| Delete| Edi |

\APP DFR LINE ID

Edit Line-Group Record (File: D:\USIMaster\\R131Lines.inf)

Georgia Transmission

Remote ID: R131 (& .MARIETTA 230KY [Comba])

Line Name : [WEST MARIETTA - VILLA RICA 230KV LINE | e 1D lBreaker 1 Brecker 2
Add Line Dielete Line | E dit Line Namel ooooo=T4 14218
USI DFR LINE ID



b) Breaker Timing

Below is a description of the modifications that had to be made in the DFR
line files to support the OpenXDA waveform timing calculations for breaker
operating/opening speed.

BREAKER ID FIELDS ADDED TO USI AND APP DFR

LINE GROUP FILES SO THE OPEN XDA PROGRAM
GTC DFRs COULD LINK TO MAXIMO DATABASE FOR
BREAKER TIMING INFORMATION

NOTE: MAJOR CLEAN UP
GTCDFR WORK WITH ALL LINE ID
NON-LINE _
SERVERS e NUMBERS AND LINE
e BREAKERS WERE STRUCTURE FILES — ALL NOW

ADDED TO THE MATCH THE ITS DATA BASE
DFR LINE GROUP

FOR BREAKER LABELING OF SER POINTS WERE ALL
GTC OPEN XDA TIMING CHECKED TO READ “TRIP COIL

& ENERGIZED (TIR)” OR “CONTROL
PQDASHBOARD TRIP (TIR)". THE “TRIP COIL
MAXIMO DATA BASE |  ENERGIZED (TIR)” OR “CONTROL
St _ LINKED TO PROVIDE | TRIP (TIR)” POINTS WERE CHANGED
BREAKER OPERATING TO TRIGGER A WAVEFORM
SPEED CAPTURE.

s GRID PROTECTION ALLIANCE
PQDASHBOARD (GPA) INSTALLED
PROGRAMMING TO READ
THE COMTRADE FILES
PRODUCED BY THE DFRs AND
PERFORM BREAKER TIMIMG




Below is a snapshot showing a USI DFR/SER Line File where we added non-line
breakers and their associated breaker ITS operating numbers. The breaker operating
number is used to link to GTC’s MAXIMO system for breaker timing information.

Edit Line-Group Record (File: D:\USIMaster\\R98Lines

Non Line Breakers added H ITS Breaker Number added

Remote ID: F33 [(BREMEM 230/115KY [Comba))

Line Name : [BREMEM - SEWELL CREEK. 230KV LINE / = Tre 10 lBreaker 1 | Braaker 2
EREMEN - CROOKED CREEK T15KY =
EREMEN - MT ZI0OM [412] 48KV LINE |UUUU2411 |1U4?’58
BREMEM - SOUTH waCO [422] 46KY LINE
EREMEN - ELICHANAM [432] 46KV LINE —
Auto Cal. F|BREMEN - GCB 504 - L5 115/45 K BANK #1 escription | Colar
BREMEM - GCB 550 - 115 K\ CAP BAMK #1 . 3G WOLTS- 230Ky BUS Red
Positive Red BREMEN - GCR 500 - 115 kY BUS TIE - BUS #1 - #2 L 2G WOLTS- 230KV BUS Blue
BREMEM - GCE 614 - LS 2304115 KV BANE #4 ¥ H 1-GYOLTS- 230K BUS Green
Pasitive Reactance : [11.000 o] laChan 85 PH. 3 4MPS- SEWELL CREEK 230Ky Teal
i _ IbChan 8B FH. 2 &MPS- SEWELL CREEK 230Ky Furple
Zeto Resistance :[10300 0 cChan &7 PH.1AMPS- SEWELL CREEK 230KV Aqua
Zero React . |—40.200 InChan A8 MEUIT &MPS- SEWELL CREEK 230KV Mavy
efo heaclance o RefChan oo Wirtual Charnnel Maraon

Line Length :|19.450 Miles

Reasonable Fault Location Values

|¥ Keep Unreasonable Yalues

[ Send ALL Out DNP3 Part

* Lse decision logic to determing which line(s] is faulked,

{~ Calculate fault location on ALL lines regardless of logic equation.

Fault Line Decizion Logic [OR can be spelled out or reprezented a3 | or '+, AND can be spelled out or reprezented by ‘&' or =1

I[[T12IT5ITBIT?ITBITSIT‘IDITH]&[[E?SIE1D2]&E51]]

@ Save | ﬂ Cancel |




Below is a snapshot showing an APP DFR/SER Line File with its assigned ITS breaker
number. Non-line breakers and their associated ITS breaker operating numbers can
also be added if needed. The ITS breaker operating number is used to link to GTC’s
MAXIMO system for breaker timing information.

Edit Line-Group Record (File: D:\APP ClearView\Setup\Modify.inf)

Save Save As... Cancel | Print
APP ITS Breaker Number added Modified:03/03/2015-06:43:04
Recorder ID: RO7:Marth Jackson 230 46 28KV /

4]

Iy T M JACKSON - GOB 032- LAWRENCE SMITH 4BEN = Add | Delete|  Edit |

V.
Line 1D: I‘lE‘5'I Breaker 1 ID: |958032 Breaker 2 1D: I

Auto Find Fault Location : |5IES jv Line Length : |12'350 ﬂl

Positive Resistance : IS'EEE| Ohm  Zero Resistance : IH'120 Ohrmn ||:| 000

Max Tree Impedance: |- Ohin
Poszitive Reactance : IE"BEE| Ohm Zero Beactance : |3E'3-Ilj Ohm [for experiment arly]
Seriez Reactance [if any] - 1.000 Ohm [uick Pick I

Ya |A17 PH. 3-G VOLTS- 46k BUS

Wb 418 PH. 25 VOLTS- 46kY BUS

Voo |419: PH. 145 VOLTS- 46kY BUS

la |45 PH 3 AMPS- GCB 032 - LAWREMCE SMITH 46k
IB A6 PH 2 AMPS- GCB 032 - LAWREMCE SMITH 46k
le A7 PH 1 AMPS- GCB 032 - LAWREMCE SMITH 46k
In A8 MEUT AMPS- GCB 032 - LAWRENCE SMITH 4BkY

K KN 0 I (K

Yr o |<Ma Channel>

Fault Line Decision Logic [DR="T". AND="%"] :
I[[T'I?'IT'IBIT'IEITEITEI T7| T8 % [EB&EE]
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6. How GTC is currently using the PQ Dashboard.

GTC currently uses the PQ Dashboard for daily review of events, faults and

breaker timing.

Below are screen shots from the PQ Dashboard showing what one would

typically see when you first connect.

Events l Faults I Breakers I Mode:
PQ Dashboard - Map Mode — Events Tab
@ cooviTransmission -oge Open PQ Dashboard Vv ePRlfm.

Events m Breakers

Vil ™ LNatianoochee
Events for: 73 of 73 selected SR\
Y k)
7.5k ¥ g9 . % ”
WFault / s\ i 'V
P o
W | S
. 5k "interruption & -
Wswel "0

\
£

Total Events

Site: 73 of 73 selected : From: 12072015 To: 12142015 m

Mother Talladega «

d‘alional Forest

{

VA

MA~ : LI
AN i '\‘-\ G T &
= \ = Colth’
ok — Momen P ——4
A > > N N v > > () S (
¢ ¢ ¢ ¢ o < ¢ ¢ i %
ilntenupﬁons!Fauhs 5Saqs ( ' Aty
Cedar Rock 0 1 1 0 0| B K LA i)
) Rl .
)A_ 5T T ;_‘f:_g
E N
Tallahassee
L~ None
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PQ Dashboard Map View — Shows geographical location of all of GTCs DFR/SERs
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An alternate way to look at the DFR/SERs on the PQ Dashboard is a Grid View which
shows an alphabetical listing of GTC DFR/SER.

Achord Road

From: 09/25/2015

Adamsville

To: 09/25/2015

Arlington Prima

arrow Count 5V§

Bay Creek

Bethabara

Bonaire Primary
230/115 KV

Bonaire Primary
500,/230 KV

Bremen

Buzzard Roost

Cedar Rock

Center Primary

Clarksboro

~uthbert Primal

Daniel Siding

Dexter Primary

Douglasville

Dresden 230 K

Dresden 500 KV

ast Social Circle

astman Primal

Goshen

Hartwell Energy

Hawkinsville

Heard County
Power

Hickory Level

Homeland

Hopewell

Jefferson Road

Judy Mountain

Kettle Creek
Primary

Lake Beatrice

Lassiter Road

Lexington

LG&E Monroe

Lumpkin

Macedonia

adison Prima

McCall Road

McConnell Road

ostellier Spring|

North Americus

North Dublin

North Jackson

North Marietta

Parkaire

Possum Branch

Post Road

Raccoon Creek

eidsville Junctio

Rocky Mountain

Rumble Road

South Acworth

South Coweta

Spain

Spring Creek

Talbot County

Tiger Creek

Union City

West Marietta

Woodstock

Yellow Dirt
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You can also drill down for Events, Faults and Breaker timing. Below is a view from the
Fault tab being selected and showing all faults for September 25, 2015.

Faults for: 73 of 73 selected =

Wso00kv
230 kv
sk
69 kv
W46 kv

Total Faults

Start Time ‘ kv ‘Type‘ Miles ‘ Location

07:09:11.7410413 RUMBLE ROAD - LAMAR COUNTY INDU... 115 BN 10.76 Rumble Road
21:30:52.1587473 POSSUM BRANCH - HICKORY LEVEL 115... 115 CN 11.81 Possum Branch
21:30:52.1583323 HICKORY LEVEL - POSSUM BRANCH 115... 115 CN 8.51 Hickory Level
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Below is an example of drilling down to look at the fault information. You can turn items

on or off as needed to customize your view.

(2 OpenSEE - Windows Intemet Explorer

P - —— e

- =3 =

Current

Voltage

Miles

80k

40k

20k

5k

2.5k

ok

-2.5k

-5k

20

Show Phasor

i ‘ GeorgiaTransmission - Digital Fault Recorders OpenSEE L] Fault Waveform Viewer

Hide Toottip

POSSUM BRANCH - HICKORY LEVEL 115KV LINE - Fault - 9/25/2015 21:30:52.1587473

+0.20875 Seconds
VOLTAGE (volts)
@RMS VAN: 69420.009
@RMS VBN: 71254.171
0 0.2083333 0.4 @RMS VCN: - 38574.082 0.625
CURRENT (amps)
PIAN: -65.642
§Bx: 71.964
[} (s -469.104
@ RMS IAN: 318.730
@RS IBN: 235325
PRMS ICN: 2305.120
FAULT DISTANCE (miles)
@ simple: 12.197
@ Reactance: 11.803
@ Takagi: 11.790
Modified Takagi: 11.902
§ Novosel: 11.765
0 0.2083333 4|0 DoubleEnded: _12.152 0.625
0 0.2083333 0.4166667 0.625

®cra

—RMS VBN

—RMS VCN

A2/2

=—RMS IAN

—RMS IEN

A23V

—Simple
—Reactance
—Takagi
ModifiedTakagi
—Novosel

~—DoubleEnded
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By clicking on the Breaker tab you can check the breaker timing for the Possum Branch
— Hickory Level 115 kV fault.

@ GeoriaTransmission - Digital Fault Recorders (@) pen PQ |

[~ | w @ Site: 73 of 73 selected :
| Events | Faults | Breakers

Default

Breakers for: 73 of 73 selected

2.5

lNormal
2 Mllate
» Indeterminate
@
= 1.5
o
(=]
=
1
3
=]
'—
0.5

Waveform Icon

Speed |Operation

3|/ Normal

CN 1.91250

21:30:52.3527056 920218 |POSSUM BRANCH - HICKO...
21:30:52.3402073 920078  HICKORY LEVEL - POSSUM... CN 2.16250 3 Normal

ol 2l
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Clicking on the waveform icon above allows you to see the Trip Coil Energize point and
the clearing time for the breaker in a graph.

@ GoorseTransmission -naw s secosers OPENSEE » Fault Waveform Viewer ®cra
| 00k [2512015 213052, 1587473 =
(Wi T
_ ’|'|'|"."|'|".|'".".""|.|""'.‘.""'.“""'.""l‘.”‘i“'{l“"‘l ‘i""‘1'""l.‘."|"..."|‘l'".‘|"'"|‘l".'.!"'l.'."l"""‘l‘l..."l‘l‘I|.0‘|"'l'.‘|'l.|.|"".l..‘|"‘l."'"'|.""l‘l."!‘l'l.l‘|‘l.l‘|."'.l.0""‘l.""|‘|.""l.l.i""'l.' —on
N =
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A select group of individuals receive Fault notification emails for faults. Below is a
sample of what is shown in the e-mail. This one shows a double-ended fault distances.

Subject - Fault detected on HICKORY LEVEL - POSSUM BRANCH 115KV LINE (00003440)

Fault 1 -2015-09-25 21:30:52.3174990 Link to PQDashlboard

DFRs: R224 at Hickory Level triggered at 21:30:52.1583323 (click for waveform)€~
R226 at Possum Branch triggered at 21:30:52.1587473 (click for waveform)

150925,213052318,-3td,HICKORY LEVEL 230_115 (Combo)GTC,USI_2002,Georgia

Files:

Transmission Corporation,R224F2093.dat

150925,213052319,-3td,POSSUM BRANCH 115KV (Combo) GTC,USI_2002,Georgia

Transmission Corporation,R226F0812.dat

Line:

Fault Type:
Inception Time:
Fault Duration:

Fault Current:
Prefault Current:
Postfault Current:

HICKORY LEVEL - POSSUM BRANCH 115KV LINE (19.04 miles)

Hickory Level — R224

Possum Branch — R226

CN

CN

21:30:52.3174990

21:30:52.3174973

58.750 msec (3.53 cycles)

67.083 msec (4.02 cycles)

4321.3 Amps (RMS)

2305.5 Amps (RMS)

170.7 Amps (RMS)

20.6 Amps (RMS)

11.9 Amps (RMS)

3.2 Amps (RMS)

Distance Method: | Reactance Reactance
Single—ended Distance: | 8.508 miles 11.813 miles
Double—ended Distance: | 6.942 miles 12.156 miles
Double—ended Angle: |0.103° -0.059°
Short file name: | R224F2093.dat R226F0812.dat
openXDA Event ID: | 304900 304897

18



http://nadal/GTCDashboard/openSeeStack.aspx?eventid=304900
http://nadal/GTCDashboard/openSeeStack.aspx?eventid=304897

7. GTC has shared the PQ Dashboard with Georgia Power in hopes of
improving system reliability for the state of Georgia and the ITS.

GTC, GPC, MEAG, and Dalton Utilities all own parts and share in the use of the
ITS in Georgia. As such, GTC may own a transmission station at one end of the
line and GPC or MEAG may own the transmission station at the other end of the
line and both would contain a DFR/SER. For the betterment of the ITS and
system reliability (reduced switching times) GTC has proposed to GPC, the
system operator, that data be shared from DFR/SERs such that double-ended
fault distances can be calculated where possible for each fault. This will benefit
all by having a more accurate fault location for the control centers. It has not
been decided whether GTC or GPC will be the site for the calculation, but the
results will be shared with all parties.

Sharing Data between Companies with
PQ Dashboard

Company#1 -
DFRs

Company#1 -
DFR Server

puzhes new data

Comtrade and Line Data to
Company #2

Company#1 -
openXDA & PQ
Dashboa rd cumtrauegnu Line Data to
Server i

Company#1 —
PQ Dashboard
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8. GTC 2016 goals for the PQ Dashboard

A. Modify the current PQ Dashboard to use the logic equations used in the
DFR/SER to determine the specific line in an event record that was faulted.
This logic includes the use of breaker status point, relay outputs and
current or voltage triggers as defined in the DFR/SER logic equation.

B. A GIS layer will be added to the PQ Dashboard that will display the location
of structures near the fault location as well as all possible fault location.

C. Event correlation with lightning will also be added to the PQ Dashboard.
This is currently being done in the DFR program which uses comma
delimited files for the line location. The openXDA program will link directly
to the GIS data in GTC’s TIGER GIS system.

D. Event reclassification and tagging in the PQ Dashboard.
E. Addition of a tab for GTC’s low-side power quality meters.

F. Addition of a layer for fault indicator data and using that data to help with
the location of faults where the line has branch circuits.

G. Extend the breaker analytics to include reports and graphs, and add
additional breaker analytics such as pole not closing and breaker restrikes.

9. Future uses for the PQ Dashboard at GTC

A. Capacitor bank monitoring for over voltage or under voltage conditions.
Control Center closing the capacitor bank multiple times stressing the
capacitors. NOV monitoring to reduce cap bank nuisance alarms.

B. CCVT monitoring.

C. Breaker duty cycles; capture operations due to faults and current
magnitudes. Develop algorithm to calculate each breaker’s life time
breaker duty based on manufacturers guidelines.

D. Transformer through faults.
E. Collaborate with other utilities for uses of the dashboard.
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