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ODbjective

e Development of an intelligent, operational,
decision-support fault analysis tool (e.g., AFAS)
for automatic detection and location of low and
high impedance, momentary and permanent
faults in distribution power systems
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Background: Utility Needs

e Detecting and locating momentary and permanent faults are
crucial to the planning and operation activities of utilities
(DTE, AEP , Progress Energy, PG&E, etc.)

— AEP (6230 circuits, a lot of underground cables): Very
useful to predict location of low and high impedance
faults

e Detecting quickly and accurately temporary and high
Impedance faults/failures including voltage dips/sags,
distortions, will help utilities increasing the reliability of their
distribution systems at a lower cost

— Waveform distortions cause problems to:
— Capacitor banks (maltrip of capacitor fuse);
— Overheating of transformers and neutral conductors;
— Inadvertent trip of circuit breaker or fuse;
— Customer devices:
— Malfunctioning of electronic equipment;
— Digital clocks running fast
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Introduction: C7Cs DFSL

e (7C's Distribution Systems Fault locator (DFSL) tool [1]:

— Developed under the DOE-EI program (Fault location
project)

— Capable of quickly and accurately predicting the location
of permanent faults in distribution power systems

— Validated with fault data from DTE circuits

— Hybrid evolutionary Approach consists of 3 main steps:

1. Fault Analysis: Calculate short-circuit currents using fault analysis
routine of commercially available modeling and simulation packages

2. Heuristic Rules: A set of rules based on operator experience to
predict fault locations
- Compare measured and calculated fault current at substation
- Use recloser information (open/closed status and currents)
- Use location of customer phone calls to locate outages
3. Optimization using Genetic Algorithm: Objective function
optimizes for currents, distance and voltage sags; also minimizes the
errors between measured and expected parameters

[1] L. Nastac and A. Thatte, A Heuristic Approach for Predicting Fault Locations in Distribution
Power Systems, Proceedings of IEEE NAPS2006, SIU Carbondale, IL, September 15-17, 2006.
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Introduction : DSFL Predictions

Potential Fault Locations Predicted by DSFL tool
(Assuming 10%o Difference in Currents) [2]

Proprietary

Number of potential fault locations
DTE Distance Number Fault Number Rule #1 Rule #2 Rule #3 GA
from fault of Type of
Circuit location system selected Fault Recloser Customer
Name™ to Compo- Compo- Current Status — phone
substation nents nents Recloser call
[ft] Current
Clark 6900 2300 A-C 188 12 8 — N/A 3 3
Orion #1 6900 1078 B-G 125 21 17 — N/A 6 6
Orion #2 6900 1078 C-G 125 21 19 — N/A 12 7
Mac 19,100 2401 C-G 169 23 8 — N/A 4 4
Jewel 26,700 1762 A-G 98 16 15-8 NA 4

*DTE'’s Orion circuit — Two different faults that occurred in different times at the same location
DTE’s Jewel circuit — Real test performed at DTE on October 15, 2006

[2] L. Nastac et al., Methodology and Implementation Strategy for Predicting the Location o6f
Permanent Faults in Distribution Power Systems, Proceedings of IASTED2007, January 3-5, 2007
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AFAS GUI Screen Design

¥ Advanced Fault Analysis System (AFAS) Yersion 1.0
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Desktop based application:
Graphical User Interface
(GUI) + Console Based
Simulation Engine (e.q.,
Console)

GUI has a logon form

GUI can let user enter
simulation parameters,
choose input data files,
simulation initialization file
and output file.

GUI can communicate with
Console seamlessly.

GUI can let user view the
output data file.

GUI can let user access
DEW, PSCAD, and DFSL
software tools
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AFAS GUI Screen Design (cont’d)
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* User Can View the Output Data File

Ay d Fault lysis Sysie L:.:" _ ersion 1.C ' B 1AL T AT - Moiepar
Fils I Pormat  View  velp
| Input File Bloowsss o B
87 1t curr ey son st e
Call Fde: | CADFSLA) swel- S0VCALLINP b | Browsd "3 T
DEW Fle: | CADFSLJewel-S8N\DATAIMP ba Browse
DFSLFile:  CADFSL\ ewel 3VFALILT-0UT b Browese|
GAFle CADFSL\ewel S3\emnit bd Biowse}
(eS| | PAwbew | [ RwPSCAD | AnDFSL | o secioner
The bzt mdvadual iz 5
Fiead File EADFSL\avel- SEVFALILT-OUIT 1t LEmﬁ&eJ l Wiews/Modty Fid .
‘ r R Fiday . Decembes 08, 3]
.:?r.r Technologies i iy FRATEED b {HH) Lrsr 1 1M
‘ Corporilicn P o, : tomibir oF Goai bl Faulk Vocat fonda
e CTC wabsile Concunent Technologe: Cotposation (] | a
8

© Concurrent Technologies Corporation 2007




Proprietary

AFAS Screen Design (Version 2.0)

e User can view and save/extract the Outage Call
(Microsoft Access/Oracle/SQL/0ODBC Database
formats) and PQNode data (Comtrade format) Files
specific to an outage event

r % - mli
¥ Advanced Faull Analysis System [AFAS) Version 2.0 . -
1 ef30 | b bl s R L) elesaform
Fie — Faco fam Honks S0 aELH 5C [l aon Diata Tem Count Oos Caca_Punbay
Customer Cals  Fap 3 - ETIRE 171005 | ZSCRITASEME FOM | 2768 ALY 2SR 14PN 1 ORITNET | HEEIPCAD0e
l Bipwse J = 2 7 1 ST 7 AT 7 ?
P dats | e, o Amm |7 1EEM | THEIVENEE FUW  ETER TALTI T2AMIER T 1 ORITHANT | 0T n02Y
"""" ColFie [ Biiers w5333 M0 |7 1HHMEE | DSSUMEIME FOM 373 A0 | 12AAHES LT PN 1 CLKSHET13 | HORA 00
FEE @l F 1900 | ZECEIVENFE UM ITER TALEN 12AAMIERE TR 1 ORIDHET] | HOADTO4 00
DEw File: Rigiwsm ] ELiE] 7 ialok] FEORITASEEE POR ITES Tl S0 | ALEHE 1148 1 ORIDHSAOT | HC o4 D
wET  mm 7 IR ZHOEUVSENE FIM IR LTI 1ZANTER LI 1 DRIJHETT | HOATTeY
- M W A |7 1B ZSORITAESEE FOM | 768 LA | AZAEHET 14PN 1 ORIDHSET | WG D
DFSL Fis Bircwriae
—_— nHEE  @m |7 IR | ZEEENVENEE FOM  TER TALTI | TZEMEE TN 1 ORIDHSNTT | HOAIT0eY
GA Fie f oy W |7 SHFME | ZORITASSIE FOM | 37E8 A | 2B 11PN 1 ORI ST | WO e
| Froee | M @m 7 SN IEIEE FOM TR AL 2R TR 1 DRIDHEOTT | HIIPoD0Y
— BWT F E==a MG (A |7 151 | DSGHMEIHE FON | HTI A AZCAAE LT 1 CLES R | MO
| RunDEW | Lt stz ] wrEN EE |7 034 | SGMMIZME FOM 32 TALE0 | 1ZAEE LITRN 1 CLESHETS | HORTO4mES
- 5 HnMS |7 1P | ZEORITASSEE FOM | 3ES TATI  ARCELET 11PN 1 ORIIHSET | WO 4
Run (X5FL. | | i FRCAD | L LN Livewas J | AN CWT TnER MR 7 NS | ZEIT4ETEE FOM ITER AL 2EEE TR 1 ORIDHST | HOAITO40NLY
L=l R MM HESUMIEIMHE FON X3 00 | 12AAHEE TLIT PN 1 CLIS RT3 | WO
NaE: Ml 7 195 | ZSCEIV4ETIE FOM IR T 2ANEE TN 1 ORIJHET | HOATRO4004Y
14EEp (0 |7 T DOSSUMEIME FON R LA A2AAHEE TIE PN 1 CLES HE13 | WO O
N4 e |7 I | HUGUMIZME FOM 3273 TALTA 2R IO 1 CLESHAT13 | HORIR4MZ2
e B B HAW | NESUMEIHE FON BT A 2AAHEE IO PN 1 CLIS 1| WO
Az @m |7 IS ZSCEOV4STOE FUM | ITER TALTON | 12OAER TN 1 ORIDHSIT! | HOAITO400LY
™
Fieal Fli: Biowse | | ViewModiy Fie
. Setudsy . Januay 20,200 ¥
\ Cosicarsrm
[ [ Terhwifopies 9
f Carporahion CTC wabsie Concument Technologess Compoation [c] 2006

© Concurrent Technologies Corporation 2007




Proprietary

PSCAD Custom Simulation Setup

e DTE’s Orion circuit in PSCAD
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PSCAD Custom Simulation Setup
(cont’d)

e Run Automation and Case Controls
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PSCAD Custom Simulation Setup

(cont’d)

7 Fault Types
4 Fault Incidence Angles

3 Fault Resistances (0-1, 5-15, 50-100
ohms)

8 Recorders for each run (Orion circuit)
- substation
- 6 reclosers
- fault location
84 runs/fault location
Typical 50-200 fault locations/circuit
Total 4200-16800 runs
Total CPU time = 6-24 hr
Sié% (zipped Comtrade format): 0.7-2.8

Search scheme — library of 16800 fault
signature V&I indices/circuit
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PSCAD Custom Simulation Setup

(cont’d)
Plots
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PSCAD Custom Simulation Setup
(cont’d)

e Substation area
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PSCAD Custom Simulation Setup

(cont’d)

Proprietary

Fault location (automatic setting for 7 number of fault locations)
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PSCAD Custom Simulation Setup
(cont’d)

e Fault module and fault recorder
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DTE’s Orion Circuit Validation

e Load Flow Validation (DEW vs. PSCAD)

Orion Load-Flow Validation

Voltage

(kV) Current (A) P (kW) Q (kvar)

DEW | PSC | DEW | PSC | DEW | PSC | DEW | PSC
Station | A 7.90 | 7.90 359 | 370 | 2633 1049
B 7.90 | 7.90 359 | 370 | 2633 1049
C 7.90 | 7.90 359 | 373 | 2633 1049

3Ph | 7.90 | 7.90 359 | 371 | 7899 | 8091 | 3147 | 3480
R1 A 7.69 | 7.70 64 66 429 238
B 797 | 7.71 45 46 313 161
C 7.76 | 7.73 65 67 441 247

3Ph | 7.74 | 7.71 58 60 | 1182 | 1205 646 | 690

R2 0.00 | 0.00 0 0 0 0 0 0
R3 A 7.58 | 7.60 163 166 | 1211 230
B 7.68 | 7.61 172 176 | 1295 266
C 7.73 | 7.69 137 143 | 1055 112

3Ph | 7.66 | 7.63 157 | 162 | 3561 | 3635 608 | 752
R4 A 7.58 | 7.60 27 28 175 111
B 7.68 | 7.61 35 36 228 144
C 7.73 | 7.69 12 13 81 52

3Ph | 7.66 | 7.63 25 26 485 | 485 306 | 320
R5 A 7.50 | 7.52 57 61 362 229
B 7.63 | 7.55 10 15 66 39
C 7.71 | 7.56 20 25 128 80

3Ph | 7.61 | 7.54 29 34 556 | 647 348 | 405
D1 A 7.49 | 7.52 40 40 266 135
B 7.62 | 7.53 75 75 497 279
C 7.71 | 7.66 33 33 226 109

3Ph 7.61 | 7.57 49 49 990 975 522 545
R6 A 749 | 7.51 32 32 214 105
B 7.62 | 7.53 27 27 186 86

(] 7.71 | 7.55 30 30 205 99 17
3Ph | 7.61 | 7.53 29 30 605 | 601 290 | 302
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Orion Circuit Validation (cont’d)

e Fault Current Validation (DTE’'s measurement: 2291 A Phase AG at
Recloser 1; predictions within 10% from measurements)
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Example of PSCAD Predictions

e Voltage Sags/Dips (Orion circuit)

» Voltage-dip energy Index (£qip) specific to a fault (defined as
the integral of the drop in signal energy over the duration of

the event)
Edip = 0.556
14.000
Fault A-G

— Mo Faul
12.000 4 M
10.000 - Vellge-
8,000 - - —

-] 0
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DTE’s Jewel Circuit (A-G Fault)

e Fault Current (RMS) data at reclosers and substation

¥ Substation — RMS 1460 A
\ @ DFSL Predictions

- = #2recloser —RMS 1491 A
Y
#1 recloser — RMS 1533 A \ ]‘ O 1o Bus 49 ';F 1’

Real fault location at 26,700 feet from
substation

20
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DTE’s Jewel Circuit (A-G Fault)
(cont’d)

Oscillogram record: Fault Current Data at Substation (Comtrade
format, 24 samples/cycle)
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DTE’s Jewel Circuit [ GHE
(A-G Fault)

5

T

JLr LA ey LEEE LAFLEL) (RSB LT
"‘"‘:.—n'ﬁ-"""‘zi— I~
T TAT . T T AT ThaT T AT

sl Lid a1

T

T

=

-

-

T T =] T = T v T
T AT AT T . T T " T " T W T

=

PSCAD Custom Slmulatlon .............. ;‘L ...........

© Concurrent Technologies Corporation 2007



Proprietary

PSCAD Simulation Results

e Jewel circuit: Single-phase fault prediction (voltage sags/dips and fault
currents) in PSCAD (from digital signature library, Jewel circuit, bus 39,
V&I records at substation and reclosers).
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PSCAD Simulation Results (cont’d)

e RMS Voltages at buses 39 and 49; substation (left); recloser (right)

Substation data - Faults atnodes 289 and 98
Reclos er data - Faulls at nodes 28 and 49
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PSCAD Simulation Results (cont’d)

e Voltage waveforms at buses 39 and 49; substation (left); recloser (right)

Substation data - Faults at nodes 39 and 49

Recloser data - Faults at nodes 39 and 49

15 8
—f49-A —f49-A
— f49-B 6 - ~ 149-B
10 A —149-C —f49-C
— 139-A 4l —139-A
—139-B —139-B
5 —139-C —139-C
2 4
2 20
-2 1 k
-5
-4 -
-10 1
6
-15 -8
. time [sec] time [sec]
V profiles _
Substation data (F39 -F49) -RMS Recloser data (F39 -F49) -RMS
80 150
— 39-A —f39-A
607|398 —139-B )] \ ]
a0 { —189€ 1007 [reec \‘\‘ \“ M \‘\ \ H “ H H H “\
T
20 - \HH \HW
507 m\n ‘H "“m/\ [
e i
il ’ I L
s ¢ 0.1 S ‘ | Ah
S > 0.1 \WA LF\%MM \“ r\ \ #\ \‘ " o4 0
IR RE R RV
40 o (] M I
HN \ !
-80 - -100 - U V I ‘H‘ \‘ H “‘ H‘ \ H \ |
-100 |
-150
-120

time [sec]

time [sec]

V differences



© Concurrent Technologies Corporation 2007 Proprietary

PSCAD Simulation Results (cont’d)

e RMS currents at buses 39 and 49; substation (left); recloser (right)

Substation data - Faults at nodes 39 and 49 Recloser data - Faults at nodes 39 and 49
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PSCAD Simulation Results (cont’d)

e Current waveforms at buses 39 and 49; substation (left); recloser (right)

Substation data - Faults at nodes 39 and 44 Recloser data- Faule at nodes 38 and <9
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Jewel circuit: Comparison of Predictions
and Measurements at Node 39
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Characterization of DTE’s Jewel Outage
Event on July 17, 2006

e Average of RMS Currents (//ms): Comparison between
measurements and predictions at buses 39, 43, 49, 51
(locations predicted by DSFL (see page 6)

e Minimum [ 4., IS at bus 39 (real fault location)
; Bus # Iindex
Lo =+ [\/ r(t)]@dt] 39 0.071
tro

43 0.188
I 1|y (Ihs) 49 0.159

e = 53 7 |
51 0.146

29

© Concurrent Technologies Corporation 2007



Proprietary

AFAS Predictive Capabilities versus
Measured Sampling Rate Data

Low High High High
impedance impedance impedance impedance
bolted faults faults faults/failures failures
(0-10 ohms) | (50-100 ohms | with 34 order | with 7t order
faults) harmonics harmonics
10 10 30 70
samples/cycles = samples/cycles | samples/cycles = samples/cycles

e Spectral resolution of PQNode is 128 samples/cycle or 7.68
kHz, enough to capture any type of faults/failures in
distribution systems.

e DWT requires a frequency range of 0-300 Hz for voltage and
0-600Hz for current to capture all types of low and high
Impedance faults.

e Literature on DWT for high impedance faults suggest a
spectral resolution of 3.2-6 kHz

30
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Technical and Economic Benefits

e AFAS software will significantly enhance ability of
distribution utilities to provide protection,
operational and planning personnel with

— Improved fault diagnosis technologies that enable anticipating,
locating, isolating and restoring faults/failures with minimum
human input and fast response time

e Specific benefits, unique to the current approach,

not easily addressed with current technologies:

— Location of “nagging” temporary faults causing momentary
outages

— Detection of high impedance faults

— Reduced patrol time to locate faults on inaccessible facilities
(including rural and underground)

— Improved system analysis (protection, planning and
operational)

— Reduced the overall outage time (improved restoration time)
— Increased service and component reliability

31
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Integration Challenges at Utilities

 Interface to existing software systems and need for
communications

— AFAS GUI used for software integration and easy
communication/integration with utility databases

— Solme specific software adaptations will be required at each
utility
e Utilization of PQ monitoring devices for waveform
capture

— PQNode, transportable Dranetz-BMI 7100’s and Dranetz PP1’s,
Oscillographs, Cooper’s Nova reclosers, etc.

— Voltage information recorded at both substation and reclosers is
useful

e [ntegration into the current outage analysis
process

— AFAS will plot the fault locations/characteristics in OMS, PQView,
etc., based on utility desires/needs

— Faults will also be graphically shown in PSCAD/DEW/etc. or a

simple visualization module will be developed under AFAS
platform
32
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Integration Challenges at Utilities
(cont’d)

e Keeping circuit models up-to-date

e Pre- and post-processing with the following

attributes

— Custom simulation set up that allows for full automation (fault
location module is moved automatically based on a
predetermined list of fault locations (selected/all circuit
components))

— Search scheme is quick/efficient based on V&I indices (typically
less than 20,000 indices/circuit)

— Time-normalized indices; fault duration not an issue; indices
account for initial transient behavior of faults; valid for both
momentary and permanent faults

— Measured waveforms are processed in real time; their calculated
V&I indices are then compared with pre-processed ones from
fault library

33
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Conclusions

e AFAS software is a powerful transient software
tool

— It can be used for both planning and operational needs
to study, detect and locate faults/failures in distribution
power systems

— V&I fault signature indices can be used to help to
determine the location of low impedance momentary
and permanent faults

e A great feature of the AFAS is its ability to use:

— Only substation (PQNode) and perhaps recloser
recordings (Nova recloser from Cooper that can record
waveform V&I values)

— No additional sensors are needed to detect faults and
anticipate problems in distribution power systems

— Smart switches may only be needed for restoration
purposes

34
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Future Work

e AFAS Predictive capabilities will be significantly

enhanced in the next phase.

— Develop filters between PSCAD and DEW/CymDist/PSS-
E/AEMPFAST) to ease software communication and speed-
up and decrease cost of AFAS implementation at utilities

— PQ and remote (Cooper’s Nova reclosers) monitoring over 3-
6 months of low and high impedance momentary faults at
AEP and DTE on several of their worst performing circuits

— Develop an Automatic Disturbance Recognition System:

— Heuristic rules to match simulation waveform records from the digital
signature library in Comtrade format, extract waveform distortions,
develop RMS records, etc.

— Discrete Wavelet transform (DWT) for feature extraction to be used in a
pre-processing mode; an index search scheme will be used

— NN multi-layered perceptron for pattern recognition
— Fuzzy logic/heuristic rules for decision making on the
disturbance/transient category
— Develop a specialized post-processing software tool to
detect, localize and graphically alarm the user about anyss
kind of faults
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Automatic Disturbance Recognition

System

DWT

Feature Extraction

|

Disturbance waveforms ‘

Acrtificial Decision Making

Neural Networks Fuzzy Logic

Pattern Recognition Heuristic rules

-

Disturbance
Classification

Digital Signature Library
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Literature Examples of Wave-fault
Disturbance Detection using Daubichies
mother wavelet of order 4 (Db4)

distortion

Sppesa. § . Detad d
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High Impedance Fault (time = 0.17 s) Bolted Fault (time =0.2 s)
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PSCAD Custom Simulation Setup
(cont’d)

e Fault and Breaker Sequencer

Fault and Breaker Sequencer
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Orion Circuit: Fault at Recloser #2
e Recloser #2 area
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Orion Circulit: Fault at Recloser #2
e Fault at Recloser #2
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Orion Circult: Fault at Recloser #2
e Fault at Recloser #2

Skt Circill W alkdalon:

Faull Type 335 = Fhase A Shod Crcut Curent
0= Mo Fault o]
1= APhase - Ground Faul 2004
1= Three Fhai?- |'.I-!l: Jl'llj Fal_.'. @' 175+
& yznd
@ g
14
= 0.50 4
- - , 8 2 pad
Ea i - 0 4
15 0000 0100 0200 030

............. e
Es ikl : Controls = faulld : Graphs
Phase ASh.. Foull Enet e
[Fechomer GFf  aw = '| I|r|. || A~ \U|' f' n\
. [ | | r A VAN AV Uy
Lan pAVATATAY TATATAATY
— 2500618005 1 A A AN NAA R AMA R AN R A
P -.=II_I.'II.|I'-Il-,'I'-|'.'.I_'|I_.'."|I"._|-
D LS55 8 o R R
nr | an2s .l"n r ﬁl, Aol R ANRANDS
AN
\J YATRY '., lI \/ .' ; IVAVAY w,ur
0000 00% 0080 0075 0400 0125 045D 0476 D200 0226 0350 0276 0300
1el2 - Graphs = .
’_'S_IF!:\:IA:\:H?-VMNJEMM H fault 2 : Grapha

i = RT-Phage A Short Ciecull Current-Wevetons

| — SEEE > :
el A fﬂ |\ | WATIATINL { f\ i ﬁl | it |
ay MW A \ U Ulu,l Uf 2 " l\l‘wl

¥ (V)

¥ kA

|
| Iy

I
000 050 oA 0150 0200 0250

= A

0.000 s a0a 0150 0,200 0250 0300

© Concurrent Technologies Corporation 2007



Proprietary

Example of PSCAD Predictions

e Jewel circuit: Single-phase fault prediction (voltage dips and fault
currents) in PSCAD (From signature library of faults, Jewel circuit, bus
49, V&I records at substation and reclosers).
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AEP’s Walton Circuit (Clenderin
Station)

46
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AEP’s Walton Circuit (Clenderin
Station)

e Walton circuit had 5 recorded faults in 2006

Proprietary

Date

ITime

Station

Circuit

Iso Pole

.Fault Puaole

Ticket #

|PQ Data FM 32006 17.43 Clendenin “Walton 39811084000105 1084-D-105 o6761-1
i B/27 2006 11.03 Clendenin ‘Walton 39811133600066 39811133600014 B2012-1
| B/2342006 11.563 Clendenin Walton 39311085000020 1085090 BOB99-1
| BMB2006 18.46 Clendenin “Walton 3931101084007 7 1010877 54486-1
i FBS2006 19.18 Clendenin “Walton 3931101084007 7 1010877 66293-1
|PQ Data  5/26/2006 20,46 Clendenin Walton  39811133B0006E 1109-D-1 G0410-1
| 5/25/2006 23.42 Clendenin “Walton  393110850D00020 1086C22 59166-1
| 1072072006 19.47 Clendenin Walton 39811133600066 11336810 527971
|PQ Data a8/17 /2006 12.44 Clendenin “Walton 39811133600066 1133C15 58391-1
. FN72006 2.00 Clendenin Walton 39811085000020 1086C31 591531
|PQ Data 1072572005 18.43 Clendenin “Walton 393811107 AD0004 39811107 ADDD16 392731
10112006 19.46 Clendenin Elk River 38810055430121 55432 B4087-1

FR2042006 23.10 Clendenin Elk River 3881003040004 4 BB2 b2783-1

72008 14,45 Clendenin Elk Rver 38810055A30121 554121 593751

| 762008 17.03 Clendenin Elk River 3881003040009 20459 590491

PO Data 77112008 8.21 Clendenin Elk River Feeder 4-C-42 551131 |

5/26/2006 21.28 Clendenin Elk River 38510030A00099 102-C-35 60459-1

1042142005 12.07 Cloverdale College  37800158020012 ’37800153002051 39657-1

21242008 1.21 Cloverdale College  37800182C20515 182-5763 53511-1

B/17,/2006 12,57 Cloverdale Tinker 37800159B32079 159-131 54209-1

PQ Data  11/2/2005 16.57 Cloverdale Tinker 37800159C04054 37800159C00233 427921
9/27 /2006 8.02 Cloverdale Troutville 37800111C00162 111-172 68608-1
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Proprietary

AEP’s Walton Circuit (Clendenin
Station) (cont’d)

e Typical PQNode Fault Current Data at Clendenin Station,
128 samples/cycle)

Clendenin - 8/17/2006 11:38:59.439

Duration: 003167 s

EFRVElactrotek P QViews
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