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I Flooded Equipment Contact Voltage
Investigation

What is the contact
voltage environment...

...near ground-mounted
equipment in flooded
areas?
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I Flooded Equipment Contact Voltage
Investigation

« What are the contact potentials associated with padmount
equipment in flooded areas?

e Different companies have different procedures for dealing
with flood conditions.

* The industry lacked laboratory testing on the issue.
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I Flooded Equipment Contact Voltage
Investigation

Let’s take it to the lab...
Q
» Simulate flood conditions ‘N
— Tap water (low conductivity)
— Add salt to increase conductivity =

» Assume that the primary is insulated such that it will
either:

« Fault and cause circuit protection to operate

 Hold and be insulated enough to not create
substantial voltage gradients
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Flooded Equipment Contact Voltage
Investigation

+rrer | e | 7 S e R The Test Setp
o ' 1. Test tank
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2. Test subject
3. Voltage probes
4. Viewing area

5. Power supply
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Flooded Equipment Contact Voltage
Investigation

— The test tank
» 16-feet in diameter (at the top)

« 4-feet deep (when completely full)
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I Flooded Equipment Contact Voltage
Investigation

Lo\

Fixed Voltage Probe Array
Moveable Voltage Probe Array

» Data collected via two arrays of voltage
probes

 Probes spaced 9-inches on center
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Contact Voltage Investigation
Padmount Transformer

 Single-phase padmount transformer

— Electrically disconnect secondary paddles from core
— Energize secondary paddles at 120/240 V and 240/480 V
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I Contact Voltage Investigation
Padmount Transformer

Transformer Secondary Electrical Connections

X; and X5 connected to variac output

X, connected to the case,

/ ring, and supply neutral
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I Contact Voltage Investigation
Padmount Transformer
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I Contact Voltage Investigation
Padmount Transformer

Front, Back, and Side Measurements
— 120 V phase-to-ground, 67 S/cm, door closed, 1-k resistor

Case-to-Probe Voltages at Front, Side, and Back of
Transformer Case
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I Contact Voltage Investigation
Padmount Transformer

Influence of Conductivity
— 120 V phase-to-ground, door closed, 1-k resistor

Case-to-Probe Voltages at Different Water Conductiv  ities
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I Contact Voltage Investigation
Padmount Transformer
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I Contact Voltage Investigation
Padmount Transformer

Influence Transformer Boots
— 120 V phase-to-ground, door closed, 1-k resistor

Influence of Transformer Boots on Case-to-Probe Vol  tages
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. Contact Voltage Investigation
Padmount Transformer

— Higher case-to-probe voltages were found with the case open
and energized at 120 V phase-to-ground.

e 17 volts @ 3 inches from the lug in 67 S/cm water
o 23 volts @ 3 inches from the lug in 200 S/cm water
e 36 volts @ 3 inches from the lug in 1000 S/cm water

© 2011 Electric Power Research Institute, Inc. All rights reserved. 15



I Flooded Ground-Mount Equipment
Secondary Pedestal

e Secondary pedestal
— Energize secondary connections at 120/240 V and 240/480 V
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I Flooded Ground-Mount Equipment
Secondary Pedestal

© 2011 Electric Power Research Institute, Inc. All rights reserved. 17



I Flooded Ground-Mount Equipment
Secondary Pedestal

Pedestal Results
« Case-to-probe voltage did not exceed 50 mV with the cover on.

* Observed “diving bell” effect where boots filled with gas
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Recommendations for Further Study

» 480-volt equipment
« Examine other equipment makes and models

e Field measurements
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