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Why are Arc Flash Hazard Why are Arc Flash Hazard 
Studies Needed?Studies Needed?

Personal safetyPersonal safety

Safety for your fellow workersSafety for your fellow workers

Comply with applicable regulationsComply with applicable regulations

Electrical Hazards Electrical Hazards –– Arc FlashArc Flash

What is Arc Flash?  What is Arc Flash?  
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What is Arc Flash

Arc Flash: Violent eruption of energy from an              
electrical source.

Arc temperature can Arc temperature can 
reach 35,000°F.reach 35,000°F.

Fatal burns can occur Fatal burns can occur 
at distances over 10 at distances over 10 
feet.feet.

Over half of all arc Over half of all arc 
flashes occur at 277 flashes occur at 277 
volts.volts.
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Electrical Hazards – AFH

Racking Power Circuit Breakers

• Proper PPE.
• Follow proper 

procedures.
• Adequately 

maintained.
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Breaker ReplacementBreaker Replacement
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Myth One: Myth One: 

OSHA does not enforce NFPA 70E for ArcOSHA does not enforce NFPA 70E for Arc--
Flash and electrical safety compliance. Flash and electrical safety compliance. 
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Myth Two: Myth Two: 

Because OSHA does not have jurisdiction Because OSHA does not have jurisdiction 
in Washington State,  in Washington State,  
WISHA is not enforcing NFPA 70E for ArcWISHA is not enforcing NFPA 70E for Arc--
Flash and electrical safety compliance. Flash and electrical safety compliance. 

Washington Industrial Safety and Washington Industrial Safety and 
Health Act  (WISHA)Health Act  (WISHA)

What is OSHA and its relationship to What is OSHA and its relationship to 
WISHA?WISHA?
OSHA allows States to run their own OSHA allows States to run their own 
safety and health programs.safety and health programs.
–– Must be at least as effective as OSHA. Must be at least as effective as OSHA. 
–– Employers in WA are subject to enforcement Employers in WA are subject to enforcement 

by L&Iby L&I

OSHA in WA StateOSHA in WA State

OSHA covers workplaces with federal OSHA covers workplaces with federal 
employees, nonfederal employees working employees, nonfederal employees working 
on on 
–– federal reservations federal reservations 
–– military basesmilitary bases
–– employees working on floating worksites employees working on floating worksites 
–– employees working for tribal employers on employees working for tribal employers on 

tribal lands.tribal lands.
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When is there an arc flash When is there an arc flash 
hazard?hazard?

Technically, anytime the power is on.

Practically, anytime you change the state
of the equipment by exposing live parts or 
interacting with energized equipment. 

NFPA 70E, Article 100, Definition “Arc Flash Hazard” FPN 1

When is there an arc flash When is there an arc flash 
hazard?hazard?

NFPA 70E, Article 100, Definition “Arc Flash Hazard” FPN 1

Activities that could create an arc flash Activities that could create an arc flash 
include: include: 
–– Opening or closing doors or removing a cover.Opening or closing doors or removing a cover.
–– Operating switches or circuit breakers.Operating switches or circuit breakers.
–– Racking a circuit breaker.Racking a circuit breaker.
–– Using tools or test equipment.Using tools or test equipment.
–– Presence of a vibration that could cause a Presence of a vibration that could cause a 

loose part (such as an equipment tag) to fall loose part (such as an equipment tag) to fall 
into an energized part.into an energized part.

Key References in NEC Key References in NEC ®® --20082008

110.16 Flash Protection.  Switchboards, 110.16 Flash Protection.  Switchboards, 
panel boards, industrial control panels, panel boards, industrial control panels, 
and motor control centers in other than and motor control centers in other than 
dwelling occupancies, that are likely to dwelling occupancies, that are likely to 
require require examination, adjustment, examination, adjustment, 
servicing, or maintenanceservicing, or maintenance while while 
energizedenergized, shall be field , shall be field markedmarked to warn to warn 
qualified persons of potential electric qualified persons of potential electric 
arc flash hazards.  arc flash hazards.  
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NEC 110.16 NEC 110.16 (continued)(continued)

The The markingmarking shall be located so as to shall be located so as to 
be be clearly visibleclearly visible to qualified persons to qualified persons 
before before examination, adjustment, examination, adjustment, 
servicing, or maintenanceservicing, or maintenance of the of the 
equipment.  equipment.  

Key References in NEC Key References in NEC ®® --20082008

FPN No. 1FPN No. 1 : : NFPA 70ENFPA 70E--20092009, Standard , Standard 
For Electrical Safety inFor Electrical Safety in the Workplace, the Workplace, 
providesprovides assistanceassistance in determining severity in determining severity 
of potential exposure, planning safe work of potential exposure, planning safe work 
practices and selecting personal protective practices and selecting personal protective 
equipment. equipment. 

Industry standards and regulations:Industry standards and regulations:
OSHA 29 CFR 1910 OSHA 29 CFR 1910 
Subpart SSubpart S
NFPA 70 NFPA 70 -- The The 
National Electrical National Electrical 
Code (2008 Edition)Code (2008 Edition)
NFPA 70E NFPA 70E -- Standard Standard 
for Electrical Safety in for Electrical Safety in 
the Workplace (2009 the Workplace (2009 
Edition)Edition)
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Washington Cities Electrical CodeWashington Cities Electrical Code

Joint effort between:Joint effort between:
–– MyBuildingPermit.comMyBuildingPermit.com
–– Washington Association of Building OfficialsWashington Association of Building Officials

Created to provide cities with a code Created to provide cities with a code 
document that complies with RCW document that complies with RCW 
19.28.010(3)19.28.010(3)
Allows cities to enforce Ordinances equal, Allows cities to enforce Ordinances equal, 
higher, or better than the WAC rules.higher, or better than the WAC rules.

Washington Cities Electrical CodeWashington Cities Electrical Code

VancouverSeattleTumwater

TukwilaSeaTacRenton

RedmondMercer IslandMarysville

LongviewLaceyKirkland

Des MoinesBurienBellevue

Washington Cities Electrical CodeWashington Cities Electrical Code
110.16110.16

The The flash protection markingflash protection marking shall be an identification shall be an identification 
plate or label meeting ANSI Standards Z535.4plate or label meeting ANSI Standards Z535.4--1998 or 1998 or 
be of a type approved by the Code Official or designated be of a type approved by the Code Official or designated 
representative. representative. 
The The plate or labelplate or label may be installed at the factory or in may be installed at the factory or in 
the field. The plate or label may be mounted using the field. The plate or label may be mounted using 
adhesive. adhesive. 



88

Washington Cities Electrical CodeWashington Cities Electrical Code
110.16110.16

The plate or label shall include all of the The plate or label shall include all of the 
following:following:
–– Date of the flash hazard analysis.Date of the flash hazard analysis.
–– Flash hazard category.Flash hazard category.
–– Incident energy level in cal/cmIncident energy level in cal/cm22 at 18 inches from the at 18 inches from the 

flash hazard.flash hazard.
–– Flash hazard boundary.Flash hazard boundary.
–– Personal protective equipment that people within the Personal protective equipment that people within the 

Flash Hazard Boundary shall use.Flash Hazard Boundary shall use.

Washington Cities Electrical CodeWashington Cities Electrical Code
110.16110.16

The arc flash hazard shall be updated when a The arc flash hazard shall be updated when a 
major modification, renovation or changes in the major modification, renovation or changes in the 
electrical distribution system that could affect electrical distribution system that could affect 
the results of the arc flash hazard analysis takes the results of the arc flash hazard analysis takes 
place.place.
The arc flash hazard analysis shall take into The arc flash hazard analysis shall take into 
consideration the design of the overcurrent consideration the design of the overcurrent 
protective device and its opening time, including protective device and its opening time, including 
its condition of maintenance.its condition of maintenance.

Acceptable & Informative LabelsAcceptable & Informative Labels
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NFPA 70E NFPA 70E --Flash Hazard AnalysisFlash Hazard Analysis

130.3 130.3 –– A A flash hazard analysis shall be doneflash hazard analysis shall be done
in order to protect personnel from the in order to protect personnel from the 
possibility of being injured by an arc flash. possibility of being injured by an arc flash. 
The analysis shall determine:The analysis shall determine:
–– Flash Protection Boundary Flash Protection Boundary 
–– Personal protective equipment Personal protective equipment 
Calculate using Calculate using 
–– Formulas in 130.3.A and Table 130.7(C)(9)(a)Formulas in 130.3.A and Table 130.7(C)(9)(a)** in in 

NFPA 70ENFPA 70E
–– ** -- Use with extreme caution!!!Use with extreme caution!!!
–– Equations in IEEE 1584Equations in IEEE 1584

Arc Flash Hazard CalculationsArc Flash Hazard Calculations

Arc Flash Hazard Analysis Key Arc Flash Hazard Analysis Key 
StepsSteps

Use NFPA 70EUse NFPA 70E** Tables, IEEE 1584, or Lee Tables, IEEE 1584, or Lee 
Equations to Determine Equations to Determine 
–– Incident energy levels Incident energy levels 
–– Arc Flash hazard distanceArc Flash hazard distance

* Use with extreme caution!* Use with extreme caution!
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NFPA 70E Table 130.7(C)(9)(a)NFPA 70E Table 130.7(C)(9)(a)

NFPA Disclaimers:NFPA Disclaimers:
The tables The tables do not cover all applicationsdo not cover all applications or or 
installations of electrical equipment. installations of electrical equipment. 
Tables are Tables are intended to be conservativeintended to be conservative for for 
most applicationsmost applications
They They may not enablemay not enable the user to select the user to select 
adequate protection.adequate protection.

IEEE 1584 IEEE 1584 -- Flash Hazard AnalysisFlash Hazard Analysis

Provides techniques and equations to Provides techniques and equations to 
calculate: calculate: 
–– Arc flash hazard distanceArc flash hazard distance
–– Incident energy levelIncident energy level
Step by Step ProcessStep by Step Process
Three Three Phase Systems only!Phase Systems only!
Not for: Not for: 
–– Single Phase (i.e. 120V LSingle Phase (i.e. 120V L--N) N) 
–– DC SystemsDC Systems

IEEE 1584 IEEE 1584 -- Flash Hazard Analysis Flash Hazard Analysis 

50 & 60 Hz50 & 60 Hz
Bolted Fault Currents 700 to 106,000 Bolted Fault Currents 700 to 106,000 
AmperesAmperes
208 V to 15 kV (Three Phase)208 V to 15 kV (Three Phase)
Use Lee Equations for Voltages over 15 kVUse Lee Equations for Voltages over 15 kV
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IEEE 1584 Analysis Key StepsIEEE 1584 Analysis Key Steps

Determine:Determine:
–– Bolted Fault CurrentsBolted Fault Currents (Short Circuit (Short Circuit 

Study)Study)
–– Arcing FaultArcing Fault (AF) Current(AF) Current
–– Upstream Protective Upstream Protective Device Clearing Device Clearing 

TimesTimes (PDC Study) using AF(PDC Study) using AF

IEEE 1584 Analysis Key StepsIEEE 1584 Analysis Key Steps

Calculate Arc Flash EnergyCalculate Arc Flash Energy
Use NFPA 70E Tables to determine:Use NFPA 70E Tables to determine:
–– Hazard Risk Category (HRC)Hazard Risk Category (HRC)
–– Required PPE for:Required PPE for:

Shock PreventionShock Prevention
Arc FlashArc Flash

–– Shock BoundariesShock Boundaries
Limited Approach BoundaryLimited Approach Boundary
Prohibited Approach BoundaryProhibited Approach Boundary
Restricted Approach Boundary Restricted Approach Boundary 

Arc Flash Hazard Analysis Key Arc Flash Hazard Analysis Key 
Steps (Summary)Steps (Summary)

Use Use 
–– Calculated Incident Calculated Incident 

EnergyEnergy
–– NFPA 70E Table NFPA 70E Table 

130.7(C)(11) 130.7(C)(11) 
–– to determine to determine 

Hazard/Risk CategoryHazard/Risk Category
Required PPERequired PPE



1212

Short Circuit
Fault Study

Coordination (PDC)
Study

Arc Flash StudyDevice 
Operating Time

Arcing 
Fault Current

3 Phase Bolted
Fault CurrentObtain Equipment

Nameplate Data 
& Settings

Myth Three: Myth Three: 

Per IEEE 1584 Per IEEE 1584 –– Guide for Performing ArcGuide for Performing Arc--
Flash Hazard Calculations, assessing Flash Hazard Calculations, assessing 
equipment under 240 volts from a equipment under 240 volts from a 
transformer rated less than 125 kVA is transformer rated less than 125 kVA is 
unnecessary.unnecessary.
Still must perform a Hazard analysis to Still must perform a Hazard analysis to 
determine the Shock Boundaries and PPEdetermine the Shock Boundaries and PPE

Flash Protection Range
Qualified Persons Only
PPE Required if Flash Protection Boundary is Crossed
FPB dependent on:

Voltage Level
Fault level
Trip Time of Protective Device

Equipm
ent

Prohibited RangeLimited Approach Range Restricted Range

Limited Approach Range: Qualified or unqualified persons*
*Only if accompanied by Qualified Person

Restricted Boundary: Qualified Persons Only, PPE required

Prohibited Boundary: Qualified Persons Only.  PPE required as if direct contact with
             energized part

Limited Approach
Boundary

(Fixed by Voltage)

Restricted Boundary
(Fixed by Voltage)

Prohibited Boundary
(Fixed by Voltage)

Flash
Protection
Boundary

Boundary
Varies
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Arc Flash Warning LabelsArc Flash Warning Labels

What does it mean?What does it mean?

Arc Flash Hazard Labels Arc Flash Hazard Labels -- BusBus

NFPA 70 130.3 (C)

Label for the 

Main Bus

Best Practice Label.
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Arc Flash Hazard Labels Arc Flash Hazard Labels ––
Line SideLine Side

NFPA 70 130.3 (C)

Label for the      
Line Side of a   
Main Protective 
Device

Best Practice Label.

Arc Flash Hazard Labels Arc Flash Hazard Labels ––
Danger!Danger!

NFPA 70 130.3 (C)

Label for Locations 
where:

HRC > 4

AF Energy > 40 
cal/cm2

Best Practice Label.

SC, PDC, & AF Studies SC, PDC, & AF Studies ––
What we Find! What we Find! 

Outdated (or nonOutdated (or non--existent) One line Drawingsexistent) One line Drawings
Underrated (SC) EquipmentUnderrated (SC) Equipment
Oversized / Undersized EquipmentOversized / Undersized Equipment
Poorly Protected EquipmentPoorly Protected Equipment
Poor Coordination of Protective DevicesPoor Coordination of Protective Devices
NEC Code ViolationsNEC Code Violations
Broken or Unsafe EquipmentBroken or Unsafe Equipment
–– Cracked casesCracked cases
–– Broken covers, hinges, latches, or handlesBroken covers, hinges, latches, or handles

These Studies are like an Equipment Safety AuditThese Studies are like an Equipment Safety Audit
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Features of SC, PDC, & AF StudiesFeatures of SC, PDC, & AF Studies

ReportReport
Hazards, unHazards, un--safe Equipment, or Conditionssafe Equipment, or Conditions
New Settings for Protective DevicesNew Settings for Protective Devices
Updated One line DrawingsUpdated One line Drawings
AF Hazard Warning Labels listing the AF Hazard Warning Labels listing the 
detailsdetails
Ways to Reduce AF EnergyWays to Reduce AF Energy

Benefits of SC, PDC, & AF StudiesBenefits of SC, PDC, & AF Studies

Increases Personnel SafetyIncreases Personnel Safety
Reduces Accident Liability ExposureReduces Accident Liability Exposure
Increases Power System ReliabilityIncreases Power System Reliability
Increases Power System EfficiencyIncreases Power System Efficiency
Reduces Operating CostsReduces Operating Costs
Increases Equipment ProtectionIncreases Equipment Protection
Reduces Future Engineering Design CostsReduces Future Engineering Design Costs

What is easier for the employees?What is easier for the employees?
Use NFPA 70E Task Tables to Use NFPA 70E Task Tables to 
Determine Hazard Classification &Determine Hazard Classification &
Required PPE Boundaries or……Required PPE Boundaries or……



1616

Need more InformationNeed more Information
Memory Stick (Geek Stick)Memory Stick (Geek Stick)
–– This Presentation (View Only)This Presentation (View Only)
–– Articles and other PresentationsArticles and other Presentations
–– Specifications for Power System StudiesSpecifications for Power System Studies
–– Sample ReportsSample Reports
–– Company Info, Resumes, Staff csv fileCompany Info, Resumes, Staff csv file
–– LinksLinks
www.powerstudies.comwww.powerstudies.com
Phone: 253Phone: 253--639639--85358535
Email: fuhr@powerstudies.comEmail: fuhr@powerstudies.com

Thank you for your time!Thank you for your time!

Questions?????Questions?????


