
Arc Flash AnalysisArc Flash Analysis

Lessons Learned
StandardsStandards



Objecti esObjectives
• BackgroundBackground
• Standards and Calculation Methods

I t f P t ti Phil hi• Impact of Protection Philosophies
• Implementation Plan



Ho it StartedHow it Started
• NESC 2007, 410.3NESC 2007, 410.3

– “Effective as of January 1, 2009, the employer shall 
ensure that an assessment is performed to determine 
the potential exposure to an electric arc for 
employees who work on or near energized parts or 
equipment.  If the assessment determines a potential q p p
employee exposure greater than 2 cal/cm2 exists…, 
the employer shall require employees to wear clothing 
or a clothing system that has an effective arc ratingor a clothing system that has an effective arc rating 
not less than the anticipated level of arc energy.”



Iss es and Concerns 2007Issues and Concerns - 2007
• Many established methods at the timeMany established methods at the time 

limited to lower voltage systems
• Numerous industry standards and• Numerous industry standards and 

guidelines – cause of confusion
Hi h lt t ( b 15 kV)• Higher voltage systems (above 15 kV)
– “Lee Method” versus NESC Tables



StandardsStandards
• IEEE 1584IEEE 1584
• NFPA 70E

NESC 2007• NESC 2007

All address arc flash analysis in differentAll address arc flash analysis in different 
ways and yield different results in some 
instancesinstances



More StandardsMore Standards
• IEEE 516

– IEEE Power and Energy 
Society

– Addresses minimumAddresses minimum 
approach distances (MAD), 
not arc flash specifically

– OSHA recognizes this asOSHA recognizes this as 
the standard for energized 
line work

– This 2009 version was notThis 2009 version was not 
ready for the pre-print 
proposals for 2012 NESC



NESC TablesNESC Tables
• Table 410-1: Clothing and clothing systems for voltages g g y g

1 to 46 kV
– Calculations based on open air phase-to-ground arc
– Working distance of 15 inches arc to employeeg p y
– Arc gaps defined based on voltage

• Table 410-2: Clothing and clothing systems for voltages 
46 1 to 800 kV46.1 to 800 kV
– Open air phase-to-ground arc as above
– Working distance calculated from minimum approach distances 

in Table 441-2in Table 441 2
– Arc gaps calculated based on voltage
– Clearing times updated in Tentative Interim Amendment



More on NESC TablesMore on NESC Tables
• Table 410-2; …forTable 410 2; …for 

voltages 46.1 to 800 kV
• Respective clearing• Respective clearing 

times slightly longer



Table 410 2Table 410-2 

NESC 2007 Tentative Interim Amendment, 5 September 2008



Arc Flash Form lasArc Flash Formulas
• IEEE 1584

– Three phase faults within a range of parameters
– “Open air” or “in-a-box” based on equipment type
– Uses the Lee Method for voltages above 15 kV or for– Uses the Lee Method for voltages above 15 kV or for 

values outside the range of parameters
• Acknowledgement that this will yield “conservative” 

results…an understatement!
• NESC 2007 Tables

– Tables based on single-phase open air arc
Calculated using ARCPRO– Calculated using ARCPRO

– Assumed working distances
– Know and understand the limitations



ARCPRO M ltipliersARCPRO Multipliers
Energy for MultiplierEnergy for Multiplier

Single Phase Arc in a Box 1.5

Three Phase Open Air Arc 1.2 to 2.2

Three Phase Arc in a Box 3.7 to 6.5



IEEE 1584 vs ARCPROIEEE 1584 vs ARCPRO
13.8 kV, 10 kA, 15 cycle clearing

ArcPRO Results -- 3ph
IEEE 1584 Results ArcPRO Results -- 1ph

p
(1 ph results x 2.2)

D (inches) E (cal/cm2)IEEE1584 E (cal/cm2)ArcPro1ph E (cal/cm2)ArcPro3ph

15 6.85 3.12 6.86

24 2.68 1.22 2.68

36 1.19 0.54 1.19

48 0.67 0.31 0.67

72 0.30 0.14 0.30

Boundary (in.): 35.9 25.0 35.9

Note:

With multiplier of 2.2 applied, ARCPRO yields similar results



Lee Method versus ARCPROee et od e sus C O
22.86 kV, 10 kA Fault, 15 cycle clearing -- at 

various working distances

Lee Method Results ArcPRO Results -- 1ph ArcPRO Results -- 3ph(1)

D 
(in.) E (cal/cm2)LeeMethod E (cal/cm2)ArcPro1ph E (cal/cm2)ArcPro3ph

15 201 6 5 21 11 4615 201.6 5.21 11.46
18 140.0 3.63 7.99
24 78.7 2.04 4.49
36 35.0 0.91 2.0036 35.0 0.91 2.00
48 19.7 0.51 1.13
60 12.6 0.33 0.72
72 8.7 0.23 0.50

Boundary (inches)
194.8 31.3(2) 44.7(2)

Notes:

(1) ARCPRO 3-ph results obtained by multiplying 1-ph results by 2.2 per ARCPRO documentation

(2) ARCPRO boundaries obtained by interpolation



22 86 kV 10 kA 15 C l Cl i Ti

Lee Method vs ARCPRO

22.86 kV, 10 kA, 15 Cycle Clearing Time

Lee Method vs ARCPRO
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2012 NESC Proposals2012 NESC Proposals
• Public commentPublic comment 

period open through 
5/1/2010

• Numerous proposed 
changes to Part 4
– SC 8 responsible for 

changes to Part 4
Secondary voltages– Secondary voltages

– Minimum Approach 
Distances (MAD)( )

– Work practices



NESC 2012 P t 4 P d ChNESC 2012 Part 4 Proposed Changes
• Require employer to determine arc exposures for 50 to q p y p

1000 volts
– Delete the exception allowing 4 cal clothing for secondary 

systems under 1000 volts
– New table (410-1) offers tabulated values for clothing similar to 

existing tables
– Proposes using 18 in. working distance rather than 15 in.

• Clause 9, FR Clothing and PPE
– Methodology for risk factors to consider such as equipment 

condition, work methods, analysis methods
– Includes calculation methods for typical transformer installations



Implementing an Arc Hazard 
Plan



S iSurprises

• Utilities that still have not completedUtilities that still have not completed 
assessments

• Resistance…particularly from the people this is p y p p
intended to protect

• Lack of awareness…among people that should g p p
be stakeholders in this



Resistance & A arenessResistance & Awareness
Things I’ve heard over the past 2 years…Things I ve heard over the past 2 years…

– “You’re just trying to get us to wear more FR clothing and that’s j y g g g
not going to work in this heat” …a lineman from Florida.

– “Why can’t we just go by the NESC tables?” …a technician inWhy can t we just go by the NESC tables? …a technician in 
Mississippi.

– “What’s an arc flash study?” a protection engineer in the– What s an arc flash study? …a protection engineer in the 
Midwest.



C lt ral Iss esCultural Issues
• PPE Issue

– It’s not just about protective clothing!!
• Heat is a valid concern, particularly in southern climates
• Culture, & the belief that this is unnecessary, y

– It is (or should be) about a comprehensive and 
ongoing effort to educate & inform personnel of the 
hazards involved in energized line work

• Establish appropriate “engineering controls” to 
mitigate arc flash hazards

• Training and education in work practices must• Training and education in work practices must 
be continuous
– Enforcement and documentation



Engineering ControlsEngineering Controls
• Application of system protection schemeApplication of system protection scheme
• Use of devices to limit arc energy or detect 

arc flash conditionsarc flash conditions



Protecti e SchemeProtective Scheme
• Instantaneous/Fast Trip – Fuse Blow SchemesInstantaneous/Fast Trip Fuse Blow Schemes

– Hi set instantaneous
– Disabled or no instantaneous/fast tripp
– Adaptive relaying “storm mode”

• Alternate Settings
– Easy to do with electronic relays and recloser controls
– Instantaneous should be enabled and reach ensured 

d i i d li kduring energized line work
• Similar to one-shot (non-reclosing) for live line work
• Reliability impacts



Instantaneo s Reach
Sub

Instantaneous Reach
Relay Instantaneous P.U. = 2500 Amps

Ibf > 2500 A

Limit of Instantaneous Reach

Ibf < 2500 A
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Protection PhilosophProtection Philosophy
• Review protection guidelinesReview protection guidelines

– Some actions performed to reduce 
momentary interruptions often increasemomentary interruptions often increase 
incident energy levels…consider all trade-offs

– Arc flash issue presents us with yet anotherArc flash issue presents us with yet another 
excellent reason to evaluate guidelines and 
update the protective coordination study



RecommendationsRecommendations
• Evaluate energy levels at multiple working distancesgy p g

– Gloving operations
• Tying insulators
• Moving conductors

– Hot stick operations
• Pulling elbows (box configuration)
• Fusing cutouts
• Switching

• Evaluate task elements and work practices
– Modify work practices if necessary

• Evaluate potential engineering controls to limit energy
• Familiarize yourself with proposed NESC changes and 

comment – we are all stakeholderscomment – we are all stakeholders



Team ApproachTeam Approach
• Everyone has a stake in thisEveryone has a stake in this

– Engineers & technicians
• Protection• Protection
• Relaying
• Reliabilityy

– Safety professionals
– Operations personnelOperations personnel

• Dispatchers
• Line workers



ImplementationImplementation
• Develop a comprehensive arc hazardDevelop a comprehensive arc hazard 

mitigation plan…it’s not just a PPE plan
• Training program• Training program
• Work practices and methods
• Engineering controls
• Document, document, document, ,

– And keep up with the evolving standards



Thank You!
Q ti ???Questions???

My Contact Info:My Contact Info:
David Farmer, PE

UC Synergetic, Inc.
(919) 270 9183(919) 270-9183

dfarmer@ucsynergetic.com

Another Great Resource:Another Great Resource:
Pam Tompkins, CSP, CUSA

SET Solutions, LLC
(803) 407-4707( )

ptompkins@setsolutionsllc.com


