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Electric Arc-Flashover is defined as the 
passage of current between two 
electrodes through ionized gasses and 
vapors

Transient Overvoltage- is defined voltage 
peak for a short duration commonly 
caused by switching and lightning strikes
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Definition of Arc-Flash and TOV



4

Applicable Standards

 OSHA 269- Electric Power Generation, Transmission and 
Distribution 

 IEEE Standard 516-2003 - Guide for Maintenance 
Methods on Energized Power Lines

 IEEE Standard 4-1995 – Standard Techniques for High 
Voltage
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Minimum Approach Distance vs Working 
Distance 

Working Distance 

Arc Gap

OSHA 269 “The revised 
provisions on minimum approach 
distances include a requirement 
for the employer to determine 
maximum anticipated per-united 
transient overvoltages through 
an engineering analysis or, as an 
alternative, assume certain 
maximum anticipated per-unit 
transient overvoltages.
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Arc Flash Working Distance
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Safety(MAD) Working Distance Comparison
Voltage Mid Sized IOU Present 

Distance (ft)
OSHA Calculated 

Phase to Ground (ft)
OSHA Calculated 

Phase to Phase (ft)
OSHA TOV 

Recommendation 
PU

12kV 2.16 2.13 2.23

69kV 3.16 3.28 3.94

138kV 3.58 4.30 5.40 3.5

230kV 5.25 5.60 8.40 3.5

500kV 11.25 16.6 27.00 3.0



8 ©2013 LEIDOS. ALL RIGHTS RESERVED. 

TOV Approach Distances-121.1 to 145.0 kV
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TOV Approach Distances-169.1 to 242.0 kV
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TOV Approach Distances-420.1 to 550.0 kV
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TOV Approach Distances-550.1 to 800.0 kV
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MAD Equations
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OSHA 269-Employee to the ARC

Voltage

OSHA Mid Size IOU
Single-Phase Arc 

inches
Single-Phase Arc 

inches
34.5 kV 15.0 N/A

69 kV 31.4 37.9

115 kV 31.1** N/A

138 kV 35.6 27.0

230 kV 52.6 36.4

500 kV 141.4 111.3

Notes:
*Single conductors in air, work with live-line tools and
live-line, bare-hand work
MAD − (2×kV ×2.54)
(MAD − (2 × kV /10) )
**Used 69 kV working distances
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Study Objectives

 Meet regulatory requirements (OSHA 269)
 Use available resources to determine hazard levels
 Evaluate hazard reduction methods
 Provide basis for Utilities to:

− Develop operating procedures 
− Determine equipment needs

#1 Goal:
Employee 

Safety
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Network Model

 PSSE or PSLF
− In order to obtain the equivalent generation and load

 CAPE or Aspen
− In order to obtain line constant data

 Topology in EMTP-RV
− How much to model in EMTP-RV
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Network Model

− Simple Model

− Loop Model
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Type of studies and Assumptions

 Measurement
− Local or remote of the substation
− Different lengths of the line

 Scenarios
− Single-Line-to-Ground (SLG)
− Double-Line-to-Ground (DLG)
− Line De-energization
− Reclose and Non-Reclose
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Type of studies and Assumptions

 DLG Fault – Measurement at line side – Voltage reach 2.42pu

 SLG Fault with 30 Cycles reclose– Measurement at line side –
Voltage reach 3.55pu
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TOV Approach Distances-420.1 to 550.0 kV
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Shunt Conductance

− EMTP-RV default value:  2*10E-10 S/Km
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Mitigation

 High TOV may require some mitigation
− Review the high-speed reclose time and the need of it
− Consider installations of line arresters
− Consider pre-insertion resistor
− Utility can change transmission system to mimimize the effect 

of switching operations
 All mitigations need to be evaluate to determine the best 

approach for each scenario
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Questions?




