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S . 2 : ~ Nearly 38,000 megawatts of generating capacity
\ - M~ More than 40,000-miles of electric transmission network
\( : R - the largest in the nation.
. N " : B ~ More 765 kV extra-high voltage transmission lines than

all other U.S. transmission systems combined
~ Approximately 18,500 Employees
~ Approximately 5.3 Million Customers




E a AEP UG Cable Statistics
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UG T-Cable Mileage — 100 miles
* XLPE, HPFF, HPGF
* 34kV — 138kV

T-Line Mileage — 40,000 miles
e Up to 765kV




E a Asset Health Center Goals
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Prioritize Failure
Renewal Prevention

eCondition based eSafety — Zero Harm

renewal vs. Age eCustomer Reliability
eLong time reliability

Optimize Maintenance

eReduce through continuous
monitoring

ePlanned vs. corrective

Current Benefits Achieved

Failure Prevention

— 13 EHV Transformer Failures
Prevented

— $50M in maximum potential savings

— Remote monitoring reduces travel to
stations

Maintenance Optimization
— Reduction in maintenance activities
— Cooling and wiring issues discovered
via monitoring
— Reducing alarms to operations
Prioritize Renewal

— Online monitor data used in algorithms
for condition based, data driven
decisions

— Decision making process
improvements due to condition based
monitoring equipment
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Asset Health Timeline

2014

e First Transformer
Monitoring Save

e Catastrophic UG
Network Failure —
Columbus, OH

e Multiple 138kV UG
power cable failures

2015

Implementation
of Asset Health
Center Software

2017

First UG Cable
Partial Discharge
Monitoring
Installations

¢ Additional PD
Monitoring
Installations

e First UG Cable DTS
Monitoring
Installations



@.@%‘" AEP’s Data Driven Communications

EEEEEEEEEEEEEEE Solution

Operational Engineering
Information Analysis

AEP SCADA & Operations
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Presentation Notes
Data has to be going somewhere
Having the information infrastructure in place is extremely important
If it is local, no action can be taken
Critical Data is sent to operators to be acted upon
- Transformers – partial discharge, DGA data, temperatures, Geomagnetically induced current
- Need to have a plan, failures can happen in a matter of hours
Alarms without recommended actions can be frustrating and confusing to all involved
Right resources available to analyze – TSAM team on call 24/7 to assist with PD and other monitor specific data

Non-Critical Data
Email alerts 
Engineering and Subject Matter Expert Analysis
Planning



UG CABLE PARTIAL
DISCHARGE MONITORING



[ e What is Partial Discharge?

Physical effects of partial discharge

Optical effects _
(Light) Chemical effects

He at Partial discharge High frequency wave
Pressure wave l Electrical signal

(Sound)
17 Two basic kinds of detection j

Electrical ] chemical

electrical

- Conventional measuring method (IEC 80270)

namow-band, limited wide-band wide-band methods
- HF - Measuring technique {proof
- UHF - Measuring technique procedures

[CIGRE TB676]



E 3 Partial Discharge Measurement
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* Partial Discharge induces high frequency signals in
cable
e Signal travels in both directions
* Detection Principle
e Capture HF signals emitted by PD at
termination points
* Analyze signals to identify faults and eliminate

SANAs ]

e —— -
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Cable PD Monitoring Systems

138kV Circuits Fully Monitored: 1
— Circuit 1 — 0.53 miles

138kV Circuits Partially Monitored: 3
— Circuit 2 — 2.63 miles
— Circuit 3 —1.13 miles
— Circuit 4 — 4.42 miles

First Installation: 2016
Latest Installation: 2019




AMERICA
ELECTRIC

e Partial Discharge Analysis

BOUNDLESS ENERGY

Cable PDM Server (=5 =0 S

T

Substation  DataSummay | Everts | Mlams  Status  Setings

Sensor Mame © Dap @ Wesk © Monh @ Year
BiittanDavidsonPhased. Pulse sh
F ulse ape
E”“‘f” B‘”“:;”” ETSEEE Date Tre Fvenl Type  Mos Ampliode V] ManPilses  Manl = P
g o ;“‘hf”:h E;E 2019406-25 10:23 NonFD 7717 115 [
P 20
30130818 21:38 FD 2757 EE]
nDublisPhsset 20190618 21:37 FO 22202 21 20000
20130504 16:34 FD 2459 3
20190503 02:00 FD 2319 E -
20130503 07:45 FD 2343 22
20130501 0805 NonFD 43810 Fil
20190428 01:20 FD 24783 20 10000
30180427 30:40 FD 24213 2 =
20130427 20:38 FD 24507 22 2 s
20190425 12:11 NonPD 20345 25 2
20190425 11:12 FD 027 2 £ B
20190425 D414 FD 25419 21 E
20190425 0412 FD 30863 Fig
201941426 0350 PO 30660 23 -5000
30180428 00:13 FD 23883 2
201904-25 00:09 FD 25098 21 10000
20190425 03:41 FD 22134 2
20190425 03:38 FD 2129 E -
20190425 03:21 FD 27320 32
20190425 0320 FD 25563 3
201304200237 FD 313% 22
30180420 02:32 FD 30707 2
20190420 01:36 FD EIE 22 =
< m 1 v
EvertType  MaxAmpiiude (1) Max Pukes M3 Dischargs Rate Phase Resolved Distribution
P
25000
20000
S
< 15000
=
= 10000
5000
0
E] 180 270 30
Phase .
< >

13



UG CABLE DISTRIBUTED
TEMPERATURE SENSING
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What is DTS?

-

(5
Controller The heating of the fiber increases the httice vibration, :3'}} %‘?:
) ) which leads to a change in backscatter behavior. ! St )
Fiber optic sensor cable o=
Laser ; ¢ i /}_,
Principle of the Raman effect
F 3
laser light
2
— g /
= / measurementratio
evaluation A.nﬂ_
1,450 1,550 1,650 A [nm]
/*\ The Stokes and anti-Stokes scattering is called Raman scattering.
= I N\ While the signal of the Stokes scattering is only slightly influenced by
= > temperature, the intensity of the anti-Stokes increases with increasing
813m m local temperature of the light waveguide clearly.
Calculated

temperature profile

The temperature can thus be determined by comparing the two signals
Stoke and anti-Stoke determined.

https://www.nktphotonics.com/wp-content/uploads/sites/2/2017/03/raman.jpg
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Ea Pilot Installation #1

BOUNDLESS ENERGY

* 40KV Circuit — 69kV design
— Circuit 5 — 1.34 miles
« System Commissioned and
Operational by Vendor#1

« Working/learning about the
Real Time Thermal Rating
software

* No aIa_rms to transmission
operations

— Email alerts only
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Pilot Installation #1 Monitor Data
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E- Pilot Installation #2

« Two 138kV UG Cable Circuits
— Circuit 3 —-1.13 miles
— Circuit4 —4.42 miles

« System Commissioned and

Operational by Vendor 2 in June
2019

« Working/learning about the Real
Time Thermal Rating software

* No alarms to transmission
operations

— Email alerts only
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Pilot Installation #2 Monitor Data

Circuit 4
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Generalize these names


LESSONS LEARNED & NEXT
STEPS
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2018 Cable Failure — Circuit #2
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| A Cable PD Monitoring - Grounding
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Prevention
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23



E DTS Fiber Documentation

Marker 1: 22.50m 19.85°C Marker 2: 183.00m 19.68°C Difference: 160.50m -0.17°C Trace: #9 10/28/2019 1:45:43 PM
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[ R Next Steps
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Other Technology
‘ Deployments
Technology e Can DTS be utilized
Evaluation for other AEP
) ) ) Transmission
Data Analysis and * Continue evaluating Assets?
Visualization PD monitoring - Transformers
Pilot Installations e Incorporate ) 5;?]';3:: o - T-Lines
e 2019 PD / DTS monitor data o Evaluate possible éi:&iion
Installation into Asset Health UG Cable Standard
e 2020 DTS Center
. algorithms
Installations
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Thank you!

QUESTIONS?
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