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Facility Electrical SafetyFacility Electrical Safety

•• Importance of Electrical SafetyImportance of Electrical Safety
•• Hazard IdentificationHazard Identification
•• OSHA RequirementsOSHA Requirements
•• Protective StrategiesProtective Strategies
•• Safety Related Work PracticesSafety Related Work Practices
•• Safety GuidelinesSafety Guidelines



Why be concerned about Why be concerned about 
electrical safety?electrical safety?

•• Comply with applicable regulationsComply with applicable regulations
•• Reduce injuriesReduce injuries
•• Reduce liabilityReduce liability
•• Reduce operating costsReduce operating costs
•• Provide a safe work environmentProvide a safe work environment



Electrical Safety StatisticsElectrical Safety Statistics

•• Average of 4,000 nonAverage of 4,000 non--disabling and disabling and 
3,600 disabling electrical contact 3,600 disabling electrical contact 
injuries annually in the United Statesinjuries annually in the United States

•• One person is electrocuted in the One person is electrocuted in the 
workplace every dayworkplace every day

•• Electrocutions were the fourth leading Electrocutions were the fourth leading 
cause of traumatic occupational cause of traumatic occupational 
fatalities.fatalities.

•• Over 2,000 workers are sent to burn Over 2,000 workers are sent to burn 
centers each year with electricalcenters each year with electrical--related related 
burn injuriesburn injuries



Safety TriangleSafety Triangle



•• Fire ignitionFire ignition
•• Electric shockElectric shock
•• Arc flash Arc flash 
•• Arc blast Arc blast 
•• Other hazardsOther hazards

Electrical HazardsElectrical Hazards



Fire IgnitionFire Ignition

•• The original and primary mission of The original and primary mission of 
NFPANFPA

•• Primarily covered by installation Primarily covered by installation 
standards contained in NFPA 70, standards contained in NFPA 70, 
National Electrical CodeNational Electrical Code

•• However, However, notnot the target of NFPA 70Ethe target of NFPA 70E



Exposure to ShockExposure to Shock

•• The The National National 
Electrical CodeElectrical Code
reducesreduces this risk this risk 
under under normalnormal
conditions.conditions.

•• NFPA 70E NFPA 70E reducesreduces
the risk under the risk under 
abnormalabnormal
conditions.conditions.

•• A shock requires exposure to a A shock requires exposure to a 
difference of potentialdifference of potential



Electric ShockElectric Shock

•• The original purpose of NFPA 70EThe original purpose of NFPA 70E
•• To eliminate this hazard, we need to To eliminate this hazard, we need to 

know:know:
–– The source of the hazardThe source of the hazard
–– How the exposure could occurHow the exposure could occur
–– How the human body would reactHow the human body would react
–– What action is necessaryWhat action is necessary



Mitigating Exposure to Mitigating Exposure to 
Electric ShockElectric Shock
•• Could the circuit be Could the circuit be deenergizeddeenergized??
•• If not, how could the exposure occur?If not, how could the exposure occur?
•• How would the human body react?How would the human body react?
•• What action would minimize the hazard?What action would minimize the hazard?
•• What PPE would minimize the exposure?What PPE would minimize the exposure?



Arc FlashArc Flash

•• What is it?What is it?
•• How can I manage it?How can I manage it?
•• How can I reduce exposure?How can I reduce exposure?



Arc Flash and Arc BlastArc Flash and Arc Blast



Arc Flash in Real TimeArc Flash in Real Time



Arc Flash in Real TimeArc Flash in Real Time



Arc Blast Arc Blast 

> 225 C /437 F
> 225 C /

437 F

Results: Test No.4

T1
T2

P1

T3

Sound

141.5 db @ 2 ft.

50 C / 122 F

>2160 lbs/sq.ft

> Indicates Meter Pegged



Hazard/Risk AnalysisHazard/Risk Analysis

•• Establish Shock Protection Boundary Establish Shock Protection Boundary 
•• Conduct Flash Hazard AnalysisConduct Flash Hazard Analysis
•• Establish Flash Protection Boundary Establish Flash Protection Boundary 
•• Select Personal Protective EquipmentSelect Personal Protective Equipment



Distance BoundariesDistance Boundaries

•• Two types include the following:Two types include the following:
–– Approach Boundaries are used to reduce Approach Boundaries are used to reduce 

shock hazardshock hazard
–– Flash Protection Boundaries are used to Flash Protection Boundaries are used to 

reduce arc flash hazards and may reduce reduce arc flash hazards and may reduce 
arc blast hazardsarc blast hazards



Limited Approach BoundaryLimited Approach Boundary

•• OuterOuter--most boundarymost boundary
•• May be crossed only by qualified personMay be crossed only by qualified person
•• May not be crossed by unqualified May not be crossed by unqualified 

persons unless escorted by a qualified persons unless escorted by a qualified 
personperson



Restricted Approach BoundaryRestricted Approach Boundary

•• Middle boundaryMiddle boundary
•• Reserved for qualified personsReserved for qualified persons
•• ShockShock--protection techniques and safety protection techniques and safety 

equipment are requiredequipment are required



Prohibited Approach BoundaryProhibited Approach Boundary

•• Closest boundaryClosest boundary
•• Reserved for qualified personsReserved for qualified persons
•• Requires same protection as direct Requires same protection as direct 

contact with a live partcontact with a live part



Flash Protection BoundariesFlash Protection Boundaries

•• Methods to determine Flash Protection Methods to determine Flash Protection 
Boundaries using NFPA 70E Boundaries using NFPA 70E 
–– Default, or  Default, or  
–– CalculationsCalculations



Approach Boundary to Live PartsApproach Boundary to Live Parts

Limited (42 in)

Restricted (12 in)

Prohibited  (1 in)

System Voltage = 480 v

Just how close is safe?



Flash Protection Boundary: Flash Protection Boundary: 
BurnsBurns



Default Flash BoundaryDefault Flash Boundary

•• A 4A 4--foot boundary may be used for basic foot boundary may be used for basic 
systems:systems:
–– 50 50 -- 600 volts maximum600 volts maximum
–– Up to 50kA available and 6Up to 50kA available and 6--cycle clearing timecycle clearing time
–– Or other combinations up to 300kA cyclesOr other combinations up to 300kA cycles
–– Calculations are permittedCalculations are permitted



Limits of Approach Limits of Approach —— SummarySummary



OSHA Electrical Safety RegulationsOSHA Electrical Safety Regulations

•• Is the law, and is enforceableIs the law, and is enforceable
•• Is written in complianceIs written in compliance--based based 

languagelanguage
•• Does not generally provide remediation Does not generally provide remediation 

for safetyfor safety

The Code of Federal Regulations (CFR) 
1910, Subpart S, contains the electrical 
safety regulations. This document



OSHA and NFPA 70EOSHA and NFPA 70E

•• OSHA adopted the 1968 edition of the OSHA adopted the 1968 edition of the 
National Electrical CodeNational Electrical Code®® ((NECNEC®®) and, ) and, 
later, the 1971 editionlater, the 1971 edition

•• However, the However, the NECNEC was not sufficient for was not sufficient for 
workplace safetyworkplace safety

•• NFPA developed NFPA 70E in cooperation NFPA developed NFPA 70E in cooperation 
with OSHAwith OSHA



OSHA General Industry OSHA General Industry 
RegulationsRegulations

•• General IndustryGeneral Industry
–– OSHA ActOSHA Act
–– 29 CFR 1910 Subpart S 29 CFR 1910 Subpart S -- ElectricalElectrical
–– 29 CFR 1910 Subpart I 29 CFR 1910 Subpart I -- PPEPPE
–– 29 CFR 1910 Subpart J 29 CFR 1910 Subpart J -- General General 

Environmental ControlsEnvironmental Controls
–– 29 CFR 1910 Subpart R 29 CFR 1910 Subpart R -- Special Special 

IndustriesIndustries



OSHA General Industry OSHA General Industry 
Electrical RegulationsElectrical Regulations

•• 29 CFR 1910 Subpart S 29 CFR 1910 Subpart S -- ElectricalElectrical
–– 1910.3021910.302--1910.308 Installation 1910.308 Installation 

RequirementsRequirements
–– 1910.331 Safety Related Work Practices1910.331 Safety Related Work Practices
–– 1910.332 Training1910.332 Training
–– 1910.333 Lockout/1910.333 Lockout/TagoutTagout
–– 1910.335 Use of Protective Equipment1910.335 Use of Protective Equipment



Structure of NFPA 70E Structure of NFPA 70E 

•• NFPA 70E has a fourNFPA 70E has a four--part structure similar part structure similar 
to 29 CFR 1910, Subpart S:to 29 CFR 1910, Subpart S:
–– Chapter 1 Chapter 1 -- SafetySafety--Related Work PracticesRelated Work Practices
–– Chapter 2 Chapter 2 -- SafetySafety--Related Maintenance           Related Maintenance            

RequirementsRequirements
–– Chapter 3 Chapter 3 -- Safety Requirements for Safety Requirements for 

Special EquipmentSpecial Equipment
–– Chapter 4 Chapter 4 -- NECNEC®® --Related Installation Related Installation 

MaterialMaterial



Protective Strategies Protective Strategies 
Embedded Embedded 
in NFPA 70Ein NFPA 70E--2004 2004 

•• Electrically safe work conditionElectrically safe work condition
•• TrainingTraining
•• PlanningPlanning
•• PPEPPE



Creating an Electrically Safe Creating an Electrically Safe 
Work ConditionWork Condition
•• Check drawings and Check drawings and 

identify all possible identify all possible 
sourcessources

•• Verify operation of Verify operation of 
testertester



Creating an Electrically Safe Creating an Electrically Safe 
Work ConditionWork Condition
•• Interrupt load Interrupt load 

current, current, 
open disconnectsopen disconnects

•• Visually verify Visually verify 
opening of contacts opening of contacts 
where possiblewhere possible



Creating an Electrically Safe Creating an Electrically Safe 
Work ConditionWork Condition
•• Apply lockout/Apply lockout/tagouttagout

devicesdevices
•• Test voltageTest voltage



Creating an Electrically Safe Creating an Electrically Safe 
Work ConditionWork Condition
•• Verify operation of Verify operation of 

testertester
•• Apply grounds Apply grounds 

where necessarywhere necessary



Training RequirementsTraining Requirements
•• Who is required to be trained?Who is required to be trained?

–– Training must be provided to employees who face a Training must be provided to employees who face a 
risk of electrical hazardrisk of electrical hazard

–– Employees involved in LO/TO procedures must be Employees involved in LO/TO procedures must be 
trainedtrained

•• What level of training is necessary?What level of training is necessary?
–– The level of training must be adequate for the tasks The level of training must be adequate for the tasks 

involvedinvolved

•• What type of training can I use?What type of training can I use?
•• How often or how much training do I How often or how much training do I 

need?need?



Qualified PersonQualified Person

•• ““One who has skills and knowledge One who has skills and knowledge 
related to the construction and operation related to the construction and operation 
of the electrical equipment and of the electrical equipment and 
installations installations and has received safety and has received safety 
training on the hazards involved.training on the hazards involved.””



Planning:Planning:
Energized Electrical Work PermitEnergized Electrical Work Permit

•• Requires written authorizationRequires written authorization
•• Requires the worker to do the following:Requires the worker to do the following:

–– Identify and understand the hazardsIdentify and understand the hazards
–– Be a qualified personBe a qualified person
–– Wear proper PPEWear proper PPE
–– Restrict access to unqualified personsRestrict access to unqualified persons
–– Complete a job briefingComplete a job briefing



Planning:Planning:
Job Briefing Job Briefing 

•• The job briefing The job briefing 
includes the includes the 
following:following:
–– Identify Identify 
–– AskAsk
–– CheckCheck
–– KnowKnow
–– ThinkThink
–– Prepare for an Prepare for an 

emergencyemergency



Personal Protective EquipmentPersonal Protective Equipment



PPE for Electrical WorkersPPE for Electrical Workers
•• Protects against shock and burnsProtects against shock and burns
•• Protects specific areas of the bodyProtects specific areas of the body

–– Head, face, neck, chinHead, face, neck, chin
–– Eye protectionEye protection
–– Body protectionBody protection
–– Hand and arm protection Hand and arm protection 
–– Foot and leg protectionFoot and leg protection



Flash Protection Boundaries and Flash Protection Boundaries and 
PPEPPE

•• When working within the flash protection When working within the flash protection 
boundary, PPE must be wornboundary, PPE must be worn

•• PPE is determined by the level of incident PPE is determined by the level of incident 
energy exposureenergy exposure



Performance Requirements of Performance Requirements of 
Protective ClothingProtective Clothing

•• Flame resistantFlame resistant
•• Will not break or tear openWill not break or tear open
•• Will not meltWill not melt
•• Will reduce heat transfer to the bodyWill reduce heat transfer to the body



Basic Rules of PPEBasic Rules of PPE

•• LayeringLayering
–– Outer layersOuter layers
–– Under layersUnder layers

•• CoverageCoverage
•• FitFit
•• Maintenance of equipmentMaintenance of equipment



Purchasing PPEPurchasing PPE

•• Refer to the following tables:Refer to the following tables:
–– Table 130.7 (C)(8) for PPETable 130.7 (C)(8) for PPE
–– Table 130.7 (F) for other protective Table 130.7 (F) for other protective 

equipmentequipment



Selecting PPESelecting PPE

•• If clothing rating is equal to or greater If clothing rating is equal to or greater 
than the degree of arc flash hazard, then than the degree of arc flash hazard, then 
the worker is protected from second the worker is protected from second 
degree burnsdegree burns

•• Three step process:Three step process:
–– Determine the hazard/risk categoryDetermine the hazard/risk category
–– Use the PPE MatrixUse the PPE Matrix
–– Choose appropriate clothing systemChoose appropriate clothing system



Levels of ExposureLevels of Exposure
Calculated Calculated 
Incident EnergyIncident Energy

Hazard Risk Hazard Risk 
CategoryCategory

Minimum PTPV Minimum PTPV 
RatingRating

Up to 1.2 Cal/cm2Up to 1.2 Cal/cm2 Category 0Category 0 (N/A)(N/A)

1.2 to 4 Cal/cm21.2 to 4 Cal/cm2 Category 1Category 1 44

4.1 to 8 Cal/cm24.1 to 8 Cal/cm2 Category 2Category 2 88

8.1 to 25 Cal/cm28.1 to 25 Cal/cm2 Category 3Category 3 2525

25.1 to 40 Cal/cm225.1 to 40 Cal/cm2 Category 4Category 4 4040

Over 40 Cal/cm2Over 40 Cal/cm2 No category No category –– Not Not 
permittedpermitted



PPE for Category 1PPE for Category 1

•• Long pants and longLong pants and long--sleeve shirt, FR for 4 sleeve shirt, FR for 4 
caloriescalories
–– Regular weight denim pants permitted to be Regular weight denim pants permitted to be 

substitutedsubstituted
–– 4 calorie coverall may be substituted4 calorie coverall may be substituted

•• Hard hat, safety glassesHard hat, safety glasses
•• VoltageVoltage--rated gloves with leather rated gloves with leather 

protectorsprotectors



SummarySummary

•• First, identify and recognize the hazardsFirst, identify and recognize the hazards
•• Identify the affected partiesIdentify the affected parties
•• Provide awareness training for Provide awareness training for 

unqualified peopleunqualified people
•• Provide protective schemes and training Provide protective schemes and training 

for qualified peoplefor qualified people
•• Written documentation is the keyWritten documentation is the key
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