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Lesson Plan

• Safety
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Some Statistics

• 286 Fatalities and 4,100 cases of lost time due to 

electrical shock or electrical burns each year from 

1992-1998

– 98% of the fatalities due to electrical shock

– 38% injuries were due to flash burns

• 113 electrocutions in 2004

• Financial costs can be staggering

– Can exceed $13 Million for one incident
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• Electric Shock and Electrocution

– Electric Current through Body – Electrocution and Burns  

• Arc-Flash

– Burns due to high heat and molten metal

– Fire Ignition

• Arc-Blast

– Hearing loss due to blast explosion

– Lacerations/Punctures from blast debris

– Percussion force

– Explosion

Hazards of Electricity
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Fundamentals of Photovoltaics
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Arc-Flash

• Electric current passes through air, between a “Hot” 

conductor and ground, or between “Hot” conductors

• Temperatures can reach 35,000 0F

• Exposure can easily cause skin burns & ignite 

clothing

• Clothing or PPE that Burns and Melts is a Real 

Problem

• Most serious arcs are those in 3-phase systems that 

turn into 3-phase faults



8

Electrical Arc
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Electrical Safety in the Workplace
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NEC - OSHA - NFPA 70E

• OSHA 1910 and 1926

Subparts S and K Relate to Electricity

The “shall do” to ensure workplace safety

• NFPA 70E – Electrical Safety in the 

Workplace
The “how to” meet OSHA requirements

• NEC – National Electric Code NFPA 70

The “installation” requirements
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NFPA 70E Organization

• 4 Chapters and 13 Annexes

• Chapter 1 “Safety Related Work Practices”

– Article 100 - Definitions

– Article 110 - General Requirements

– Article 120 - Establishing an Electrically Safe Work 

Condition

– Article 130 - Working On or Near Live Parts

• Chapter 2 “Safety Related Maintenance 

Requirements”

• Chapter 3 “Safety Requirements for Special 

Equipment”

• Chapter 4 “Installation Safety Requirements”
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Article 130 Requirements

• A Permit is Required for Energized Work

– But Diagnostic Work is not subject to permit

• Boundaries for Shock and Arc-Flash

• Hazard/Risk Categories  (HRCs)

• Determination of the degree of protection required 

to safeguard workers involves both a Shock and 

Arc-Flash Hazard Analysis
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What is Energized Work?

• Any activity On or Near exposed energized 
conductors where a real hazard exists from contact 
or equipment failure that can result in electric shock, 
arc flash burn or arc blast. 

• Working On - Coming in contact with live parts with 
the hands, feet, or other body parts, with tools, probes 
or with test equipment

• Working Near – Inside the Limited Approach 
Boundary
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Shock and Arc Boundaries
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Limited Approach Boundary

Energized 

panel 

(<750V)

Prohibited Restricted Limited

3 feet 6 inches for 600V

The closest distance an “unqualified” person can approach, 

unless escorted by a “qualified” person.
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Restricted Approach Boundary

Energized 

part

Prohibited Restricted

The closest distance to exposed live parts a “qualified” person 

can approach w/out proper PPE and tools.

To cross this boundary, the qualified person must wear PPE 

and have proper tools.

12 inches for 

600 volts
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Energized 

part

Prohibited

Crossed ONLY by a “qualified” person, which when crossed by 

body part or object, requires the same protection as if direct 

contact was made with the live part.

1 inch for 

480 volts 

Prohibited Approach Boundary
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Approach Boundaries Shock Protection
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Flash Protection Boundary

Energized 

part

Prohibited Restricted Limited

• The distance from exposed live parts within which a person could receive a second 

degree burn if an arc flash were to occur. (1.2 cal/cm2 with an exposure time of 1 second)

• Arc flash PPE is required within this boundary. 

• Note: Distance may be less than or greater than the shock protection boundaries.

Calculated distance
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Typical Equipment Label
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Personal Protective Clothing
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Examples of PPE

Hazard Risk 

Category 1

Hazard Risk 

Category 2

Hazard Risk 

Category 3

Hazard Risk 

Category 4
Hazard Risk 

Category 0
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Consequences of an Arc-Flash Incident
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Mitigation of Electrical Hazards

• Work De-Energized 

• Engineer Out the Hazard 

• Follow Electrical Safe Work Practices 

– Employ Lockout/Tagout of Hazardous Electrical Energy 

Sources

– Use Voltage Insulating PPE and Equipment

– Use PPE for Arc-Flash Protection

– Use Ground Fault Circuit Interrupters
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Safe Work Practices

• Should be pretty intuitive

– Be Alert

– Use Common Sense

– No blind reaching.  If view is obstructed, you 

cannot work on live parts.

– Illumination must be provided

– Conductive articles (jewelry, clothing) shall not be 

worn
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Wear and Care of PPE

• Wear Cotton

• Avoid Scratching Eye Protection

• No Bleach or Fabric Softeners

• Wear Clothing Loose, rather than Tight 

• Layering Increases Protection 

• Dry is Better than Wet
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Safe Work Practices

• Plan for Emergencies

– Know how to de-energize Quickly

– Be prepared to pull classmate free with an 

Insulated Rescue Hook

– Have the Means Available to Contact 

Emergency Personnel

• (916) 660-7120; extension 7120 on Rocklin campus

• (916) 781-6200 or (916) 225-3255 on RG campus

– Know CPR & Where AED’s are located
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Fall Protection

• What’s wrong in this picture?
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Fall Protection

• What are these pictures telling us?
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Fall Protection

• Some relevant numbers

– 6ft

– 39in to 45in

– 3 ½ in

– 30ft

– 19in

– 30in

– 30° to 50°

– 20in

Fall protection required for work above this height

Guard rails top height – open floors & platforms

Toe guard minimum height – platforms

Maximum distance for safety nets 

Max vertical break without ladder or stairway

Max stairway height without handrail

Allowable stairway rise/run angle

Stairway platform space beyondb door swing


