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Presenter
Presentation Notes
Welcome to EC Tech talk, my name is….



We’re going to spend the next 20-25 minutes talking about Electrical Arc Flash



Arc flash is not something new.  It is not a 21st century phenomenon.

It has existed ever since electricity has been around.  



Due to the number of electrically related incidences in industry, electrical safety in the workplace, in general, has been an area of emphasis over the last 2 decades. 

And as we gain a better understanding of arc flash in particular, we are able to develop guidelines that can help minimize the risk to personnel and the severity of the injuries should there be an event.
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Annual Industrial Electrical 
Accidents


 

30,000 non-fatal electrical shock incidents


 
600-1000 people die due to electrocution 


 

Arc burns make up over 80% of the electrical 
injury cases


 

More than 2000 people are treated for severe 
electrical burns


 

5-10 arc explosions occur in electrical 
equipment each day in the U.S.

Presenter
Presentation Notes
Due to the number of electrically related incidences in industry, electrical safety in the workplace, in general, has been an area of emphasis over the last 2 decades. 



And as we gain a better understanding of arc flash in particular, we are able to develop guidelines that can help minimize the risk to personnel and the severity of the injuries should there be an event.
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Three Types of Electrical Hazards


 

Shock/Electrocution
► Current passes through your body

Presenter
Presentation Notes
Definition:  Electric shock received when electrical current passes through the body.



You complete the circuit when you physically come into contact with energized equipment.



Fourth highest cause of industrial deaths behind traffic accidents, violence/homicide, and construction accidents



Effects on:

Skin – acts as insulator – but only to an extent

Heart – 75mA can upset the highly intricate rhythmic beating  

Muscles – loss of muscular control that can lead to inability to let go of the conductor and other injuries
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Electrical Shock

Current Range and Effect on 150 lb Man

1-3 mA
3-10 mA

Perception Threshold Mild Sensation
Painful Sensation

10 mA Paralysis threshold of arms Cannot release hand grip

30 mA Respiratory paralysis Stoppage of breathing

75 mA Fibrillation threshold Heart action becomes 
uncoordinated

4A Heart Paralysis Heart stops for duration of 
current passage

>5A Tissue Burning Not fatal unless vital organs 
are burned
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Three Types of Electrical Hazards


 

Shock
► Current passes through your body


 

Arc
► Current passing between two conducting metals (or 

conducting metal to ground) through ionized gas or 
vapor, usually air


 

Blast
► Pressure developed by the near instantaneous 

heating of the air surrounding the arc and from the 
expansion of metal as it is vaporized

Presenter
Presentation Notes
Definition:  An arc is the passage of electric current between two conducting metals (or conducting metal to ground) through an ionized gas or vapor, usually air.

Accounts for 80% of electrical injuries

Amount of heat depends on much fault current is available and duration of the fault – not voltage

Can be up to 35,000 degrees F (4x hotter than the sun)

Obvious burns and ignition of clothing of individuals several feet away



Definition:  Blast comes from the pressure developed by the near instantaneous heating of the air surrounding the arc and from the expansion of metal as it is vaporized.

Copper expands by a factor in excess of 67,000 as it vaporizes

A 25kA arc blast could destroy a wall or equipment at a distance of 10 feet and puts 160 lb per square feet of pressure on individual 2 feet from the blast.

Blast might save a life by hurling them away from the heat but usually causes serious injuries such as impact with objects, hearing damage and concussion
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Presenter
Presentation Notes
So in a typical arc flash event we have:



1.  Initiating event that causes Intense Light which can lead to temporary or permanent eye damage

The arc itself can reach temperatures up to 35,000 degrees F

The near instantaneous heating of the surrounding air and the vaporization of the copper bus creates a blast

The sound waves from the blast can cause a loss of hearing

The pressure waves can throw a person to the ground causing other injuries

The heat and molten metal can cause severe burns and ignite clothing leading to even more extensive burns

The shrapnel can cause other injuries



So that is the typical makeup of an arc flash event.



--------------------------------------------



Definition:  An arc is the passage of electric current between two conducting metals (or conducting metal to ground) through an ionized gas or vapor, usually air.

Accounts for 80% of electrical injuries

Amount of heat depends on much fault current is available and duration of the fault – not voltage

Can be up to 35,000 degrees F (4x hotter than the sun)

Obvious burns and ignition of clothing of individuals several feet away



Definition:  Blast comes from the pressure developed by the near instantaneous heating of the air surrounding the arc and from the expansion of metal as it is vaporized.

Copper expands by a factor in excess of 67,000 as it vaporizes

A 25kA arc blast could destroy a wall or equipment at a distance of 10 feet and puts 160 lb per square feet of pressure on individual 2 feet from the blast.

Blast might save a life by hurling them away from the heat but usually causes serious injuries such as impact with objects, hearing damage and concussion
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Arc Flash Hazard Categories

Hazard Category Incident Energy

Category  0 <1.2 cal/cm2

Category  1 1.2 to 4 cal/cm2

Category  2 4 to 8 cal/cm2

Category  3 8 to 25 cal/cm2

Category  4 25 to 40 cal/cm2

Presenter
Presentation Notes
The magnitude of an arc flash event is categorized based on the “incident energy”.



Incident Energy: 

Amount of energy impressed on a surface, a certain working distance from the source, generated during an electrical arc event.

The unit of measure is cal/cm2

1 cal/cm^2 is the amount of energy needed to raise 1 gram of water 1 degree C (energy produced by cigarette lighter for 1 sec.)

1.2 cal/cm^2 results in a recoverable 2nd degree burn (180 degrees F for 0.1 sec)



Incident energy is inversely proportional to the working distance squared

Incident energy is directly proportional to the fault current and fault duration







Flash Protection Boundary (Arc Flash Protection Boundary-AFB):

An approach limit at a distance from exposed live parts within which a person could receive a 2nd degree burn if an electrical arc were to occur (inches)



Personal Protective Equipment (PPE):

Equipment used as the last line of defense

Not intended to prevent all injuries, but to lessen them

Desire for burn to be no worse than 2nd degree in all cases while avoiding hazards caused by overprotection

e.g. FR clothing, face shields, gloves, arc suppression blankets, etc.
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Presenter
Presentation Notes
What we have next is going to be a video of an actual arc flash event in an electrical room.

The electrician is in the process of simply racking in a breaker – a very common activity.



The quality of the video is not the greatest but hopefully this gives you an idea as to how quick it can strike and the potential intensity of an arc flash event.



In the video, that was probably a category 3 event.  Keep in mind that even after the arc flash event is over.  The resultant fire may continue to burn.
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What’s Being Done Nationally?


 

Standards
► OSHA 29 CFR Part 1910, Subpart S
► USACE EM 385-1-1-2008
► NFPA 70-2011 (NEC) Section 110.16
► NFPA 70E-2009
► IEEE Standard 1584 –

 
2002

► USACE ER 385-1-100 & EP 385-1-100 
(to be finalized in the near future)

Presenter
Presentation Notes
OSHA 29 Code of Federal Regulations (CFR) Part 1910, Subpart S

“Safety related work practices shall be employed to prevent electric shock or other injuries resulting from either direct or indirect electrical contacts…”

OSHA also addresses the qualification of workers exposed to electrical shock hazards and the provision for protective equipment appropriate for the work to be performed.

OSHA enforces safety practices and cites to the NFPA requirements.



USACE EM 385-1-1, Safety and Health Requirements Manual, 05.I.04

Electric arc flash protection shall be provided for any person who enters the flash protection zone…>Synthetic clothing such as acetate, nylon, polyester, rayon, either alone or in blends with cotton, may not be worn while in the flash protection zone.

USACE EM 385-1-1, Safety and Health Requirements Manual, 11.A.02.c(5)

Arc flash hazard analysis and flash boundary determination prior to any energized work.

USACE EM 385-1-1, Safety and Health Requirements Manual, 11.B

Whenever it is necessary to work on energized parts greater than 50 volts to ground, a risk/hazard analysis/arc flash hazard analysis will be conducted in accordance with NFPA 70E…

PPE must be worn

Jewelry and synthetic material not allowed while working in flash boundary zone

Signage and labeling required



NFPA 70-2011, National Electric Code, Section 110.16

Requires that companies place a warning label on equipment likely to cause arc flash conditions.  This field marking can be generic or very specific, whichever the company selects.  Future revisions of the NEC standard may require more detailed info on this label.



NFPA 70E-2009, Standard for Electrical Safety in the Workplace

“How To” standard behind OSHA enforcement

Safety program with defined responsibilities

Calculations for the degree of arc flash hazard

Simplified NFPA 70E tables: 130.2(C), 130.7(C)(9)(a)

Calculations based on NFPA 70E Annex D

Calculations based on IEEE Standard 1584

Personal protective equipment (PPE) for workers

Training for workers

Tools for safe work

Warning labels on equipment



IEEE Standard 1584 – 2002, Guide for Arc Flash Hazard Analysis

Based upon testing and analysis of the hazard presented by incident energy. 

Calculate incident energy and AFB. 

Used as a basis to develop strategies that have the goal of minimizing burn injuries. 

The potentially hazardous effects of molten metal splatter, projectiles, pressure impulses, and toxic arc by-products have not been considered. 



USACE ER & EP

Joint effort with BOR, USACE, and DOE involvement

Technical guide on Arc Flash Hazards

Intended to be available summer 2009 
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What Can We Do Locally?



 
Job Hazard Analysis –

 
Plan Ahead



 
Lockout Procedures –

 
De-energize if at all possible



 
Arc Flash Study –

 
Identify magnitude of hazard

Presenter
Presentation Notes
JOB HAZARD ANALYSIS – Plan ahead, think through the sequence of work and identify the potential hazards for each step.  We often think of this applying to construction and maintenance activities, but this can apply for office folks going to the field on site visits as well.



LOCKOUT PROCEDURES – The job hazard analysis would identify the required clearances to be in place prior to starting the work activity.  The ideal situation would be to de-energize the equipment entirely but that is not always possible.



ARC FLASH ANALYSIS



	REPEAT OF DATA FROM PREVIOUS SLIDE



Based upon testing and analysis of the hazard presented by incident energy. 

Calculate incident energy and AFB. 

Used as a basis to develop strategies that have the goal of minimizing burn injuries. 

The potentially hazardous effects of molten metal splatter, projectiles, pressure impulses, and toxic arc by-products have not been considered. 
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Arc Flash Labels

Presenter
Presentation Notes


Minimum requirement per NFPA 70E is you must identify incident energy or level of PPE



2 types of labels NWP uses:



Minimum info

Flash Hazard Boundary

Working distance

Incident Energy

PPE Category

Date of Arc Flash Analysis
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Arc Flash Labels

Presenter
Presentation Notes
Labels may be based on ANSI Z535.4



Category 0 – Yellow – CAUTION (Black letters on yellow background)

Category 1thru 3 – Orange – WARNING (Black letters on orange background)

Category 4 – Red – DANGEROUS  (White letters on Red background)
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What Can We Do Locally?



 
Job Hazard Analysis –

 
Plan Ahead



 
Lockout Procedures –

 
De-energize if at all possible



 
Arc Flash Study –

 
Identify magnitude of hazard



 
Wear proper PPE –

 
Minimize potential injuries
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Hazard/Risk
Category

Clothing Description
(typical clothing layers)

Minimum Arc 
Rating of PPE

(cal/cm2)
0 Non-melting, flammable materials with a 

fabric weight at least 4.5 oz/yd2 (1)
N/A

1 Arc-rated FR Shirt & FR Pants or FR 
coverall (1)

4

2 Arc-rated FR shirt and FR pants (1 or 2) 8

3 Arc-rated FR shirt, FR pants or FR 
coverall and arc flash suit selected so that 
the system arc rating meets the required 
minimum

25

4 Arc-rated FR shirt, FR pants or FR 
coverall and arc flash suit selected so that 
the system arc rating meets the required 
minimum

40

Presenter
Presentation Notes
Based on the Hazard Category, NFPA 70E identifies the level of PPE required.



Personal Protective Equipment (PPE):

Equipment used as the last line of defense

Not intended to prevent all injuries, but to lessen them

Desire for burn to be no worse than 2nd degree in all cases while avoiding hazards caused by overprotection

e.g. FR clothing, face shields, gloves, arc suppression blankets, etc.



This is in addition to hard hats, safety glasses, hearing protection, proper footwear, gloves, etc…
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What Can We Do Locally?



 
Job Hazard Analysis –

 
Plan Ahead



 
Lockout Procedures –

 
De-energize if at possible



 
Arc Flash Study –

 
Identify magnitude of hazard



 
Wear proper PPE –

 
Minimize potential injuries



 
Staying outside of the Flash Approach Boundary



 
Beware of your surroundings –

 
Stay Alert



 
Proper maintenance –

 
Equipment performs as expected

Presenter
Presentation Notes
PROPER MAINTENANCE:

Arc Flash studies are conducted based on the proper operation of the electrical equipment.  If the equipment does not operate as intended, the magnitude of the incident energy will most likely be significantly higher



----------------------------



If we are diligent in doing these tasks then we stand a greater chance of minimizing the impacts to people when such an event occurs.



We won’t eliminate them, but we can minimize their impacts.



Show a slide presentation that drives home the potential impacts of an arc flash event on a people level. 

There are some disturbing images so if you have a weak stomach…
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Final Thoughts



 
You can’t see electricity, hear it coming, feel it, smell it, 
or taste it.



 
Don’t need to fear it, but need to respect it.



 
Financial impacts –

 
loss of equipment/time/people



 
Emotional impacts –

 
individual/co-workers



 
Impacts to family/friends



 
PROTECT YOURSELF –

 
Ultimately we are responsible 

for our own safety

Presenter
Presentation Notes
Unfortunately with electricity, we don’t get a second chance so stay alert and be diligent.
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Questions?
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