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IProject P128.005 — 2009/10 NEV & Urban Stray
(Contact Voltage) Diagnostics & System Design

Objectives Key Tasks and Milestones 5 Completed
_ In Process
 Promote standardized methods to B upcoming
identify and deal with elevated Refine Project Plans & Scope
neutral-to-earth voltages NEV and
energized conductive objects ]
Deliverable Measurement Protocols
* Technical Update(s) — - —
Website/Guidebook D Task Force
o _ ' xchange
Completion Date Mitigation Strategies
 December 2009 |
The Big Picture Industry Support
« Efficient diagnosis and mitigation of Case Studies

voltage related perception complaints R

benefits electric suppliers and the
general public Reporting
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NEV & Urban Stray (Contact)
Voltage 2009/2010 Plans

e 2009 Work Plans

— EPRI Lenox Lab Testing

— Field Case Studies

— Waveform Library

— Industry Support

— Mitigation

— Guidebook Chapters

— Website

— NEV levels

— Modeling and Simulation?
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. ScopeMeter Waveform
Analysis Helps with

Source ldentification
B

* 60 Hz Faulted
Phase Conductor

e Higher Harmonic

Content Neutral to —
Earth Voltage

 Voltage Snapshot

Gas Pipeline to —
Remote Earth
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I Waveform Analysis Can Help with Pipeline
Magnetic Induction — Source Location

- /i /
/‘ /:
5-15 Volts -

on Pipeline /:' 5-15 Volts

Imile

5-15 Volts ~_ ~
on Pipeline ¥

10 -20 Volts /"
on Pipeline :

Blue = Overhead Line 12kV
Green = Overhead Line 69kV
Red = Gas Line

Black = Roadway
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I Voltages Measured on Street Lighting Can
Come from Different Sources

* Three street lights evaluated - Three different
sources of voltage found

Case 1 — classical NEV source
Case 2 — magnetic induction source
Case 3 — possible 60Hz fault
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i) S
Wet Area will have #8 bare
solid copper bonding ring

SWlmmlng Pool Testlng e S .

light, and handrail will be

to Be Conducteq at-the-. - o

To support the prnject ob]ectwes we have constructed a
controllable test area at the Lenox, MA facility

Can vary: Distribution Cnnflguratmns, Neutral
impedances, grounding configurations, NEV sources....

v
e 0
a2 ® ®
e = - r .‘
4 . 1)
Reher deck xection I  Fibergleex deck xeclion
e ' K
L
P &
[] E ach of the supplem ental []
grounding rings shall have make
----- @+ = or break connecions to driven - = ===
ground rodz ingtalled around the
[] perimeter of the rings at each@ [|
] L
k i
' s @ »
: Tile decl xection
L

Three xolid #8 bare copper grourd rings will be comneciable or dizzomneciabie,
Theze will be locei=d gt 18 irchex fromwater perimeter (6 irch depthl 7 feet from
witer perimeter (6 inch depth) end ¥ feet from water perimeter 36 inch degth




NEV & Urban Stray (Contact) Voltage 2009/2010

FS 20
FS 4
FS 2
Capacity FS 1 FS 18
FS 6
o FS5
FS 13 Reliability
Smart Grid
FS 14 =3
\ FS 12
Distribution System
Future State
Monitoring &
Performance FS7
FS 15
FS 8
FS 17
ES 21 FS 10
FS 11

Knowledge FS 16

\ FS 9 FS 19
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I Field Trials in Feb 2008 For Con Ed TC Project on
Advanced Early Detection of Contact Voltage

[Sensor Pod 2

© 2009 Electric Power Research Institute, Inc. All rights reserved.

Sensor Pod 1:|

Sensor Pod 1

Magnetic Field Loop, E-Field Quad Array of Loaded Dipecle E-Field

Monopole, and Loaded E-Field Dipole S€nsors and B-Dot Magnetic Field
Antenna Pod Sensor




I Electrified Fence Detectible During Drive By

Electrified Fence 10 Vac

20

15 - O\

Magnitude (dBx)
(&
|
/

ERRAS

Vs

0 10 20 30 40 50 60

Time (s)

-10

EPRI Data From Detection Run Trall

 The EPRI team took data after the Contact Voltage truck detected an electrified
fence (10 Vac).

e This trial was a confirmation of the basic detection scheme.
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Resolution
o Great Sampling
Resolution

Digital Meter = =
« Great Measurement! =%

Resolution

LED Bar Graph

 Poor Measurement Resolution
. Good Sampllng Resolutlon
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PERCENT e Good Measurement |,

e Poor Sampling Resolutlon
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I Dealing with Overhead Efield Interference
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Many Algorithms are Useful in “Zeroing” out Overhead Sources

Unbalance and Harmonics

— |J Residual — Antenna
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Shielded Antenna - Target & Overhead Measurement
24 Volt Target (blue) and surface object (red)
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I Existing Processing Algorithms Can Pick Out
Energized Objects in Overhead Areas

© 2009 Electric

Fhase
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Overhead Detection Scheme Using Two Sensor Method (still Under Test &

Development)

—

Overhead Interference

Overhead Interference
+

Target Signal
Signal Signal

Conditioning Mixer Conditioning
Amplifier 1 7\ 4>®<7 7\ Amplifier 2

A
When Coherence is 1 When Coherence is
Both Antennas see equal Less than 1, 0.7 to 0.9,
amounts of the same IR EEINE then signal may

signal. contain a target.

P2 | kesearch mstrure

© 2009 Electric Power Research Institute, Inc. All rights reserved. 17



Overhead Detection Scheme Using Two Sensor Method (still under Test &
Development)

Overhead Int (Antenna #1) — Combined (Antenna #2)

Signal Signal
Conditioning Mixer Conditioning

=

Measured Target

e Coherence=1

* Both Antennas see
equal amounts of
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Overhead Detection Scheme Using Two Sensor Method (still under Test &
Development)

Overhead Int (Antenna #1) — Combined (Antenna #2)

Signal Signal
Conditioning Mixer Conditioning

Amplifier 1 J \ } \ Amplifier 2

Measured Target

e Coherence<1

e Combined Antenna
measures the target
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Data Acquisition System Resistor ~ Ground Rod

ensor Wires

Buried, 5-Gallon
Container

Each Layerisa %
Mixture of Sand,
Salt,andPea
Gravel

» Based on- U rc F-aul
Breaker Test =~

- Stabilized Arc wt ic?;hla lows
for simplified
measurements

» Waveform analyis
provides clues for

detection
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I If Arcing can be Detected Early, the Event Can be
Mitigated Before it Becomes a Shock Concern

* Increase in signal level as

— Baseline (No Arc) — Arc Avg 1 — Arc Avg 2 :
aseline (No Are) — Arc Avq e Avs voltage rises to surface
10.0E+0 o .
e |ncrease in wide band noise
[\ during recording of arcing
1.0E+0 :
Compare FFT of arcing
characteristics to the bench
. / test
§ 100.0E-3 ~_/ :
%
=
<  10.0E-3 \/\j
1.0E-3 - -
100.0E-6 -
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Frequency (Hz)
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NEV & Urban Stray (Contact)
Voltage 2009/2010 Plans

e 2009 Work Plans

— Lenox Testing

— Field Case Studies
— Waveform Library

— Industry Support

— Mitigation

— Guidebook Chapters
— Website

— NEV levels

— Modeling and
Simulation?
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I NEV and Urban Stray (Contact) Voltage

e Discussion
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