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Objectives  
Review of Hazards associated with 
Electrical Energy 
 
Statistics for Electrical Hazards 
 
Expectations around Regulatory 
Compliance 
 
Steps facilities need to take to become 
compliant 
 



Who is at risk of injury from 
electrical hazards? 

l  Electricians 
l  HVAC Technicians 
l  Plant Engineers 
l  Operators 
l  Mechanics 
l  Painters / Plasterers 
l  Plumbers 

l  Kitchen Staff 

l  Electrical 
Technicians 

l  Manufacturing 
Technicians 

l  Supervisors of 
trades 

l  Excavators 
l  Riggers 
l  Utility workers 
l  Office Workers 
 



Why	do	electrical	Incidents	occur?		
	
Excerpt	from	a	2007	NIOSH	study	of	Arc	Flash	Incidents	
•	Hurrying	to	get	the	job	done	-	(16	of	32)	

includes	don't	want	to	inconvenience	customer	and		
production	pressure	

• Inadequate	electrical	training	-	(10	of	32)	includes	work		
					not	done	by	“qualified”	workers	
•	Complacency	-	(10	of	32)	includes	lack	of	attention	to	task	
•	Carelessness	-	(6	of	32)	
•	Working	“live”-	(6	of	32)	includes	failing	to	lockout/tagout	



Background 
l  Hazards of Electricity 

l  Shock- most of us know not to come too close to or to 
touch live circuits or conductors. Electric Shock is the 
result of current passing through the body. 

l  Arc Flash- An unknown hazard to most people. 
Radiant heat from the vaporization of copper or 
aluminum results in very high temperatures~ 35,000 F 
Very devastating to equipment and personnel. 

l  Arc Blast- Other component of Arc Flash-Intense 
light, pressure wave, extreme ballistic energy-sound 
waves and shrapnel in the form of molten metal ~700 
MPH 



Electric Shock 
l  Severity of the shock depends on: 

l  Path of current through the body 
l  Amount of current flowing through the 

body 
l  Length of time the body is in the 

circuit 

l  Received when current passes 
through the body 

l  LOW VOLTAGE DOES NOT 
MEAN LOW HAZARD 

Warning: The next slide is very graphic! 

98% of electrical fatalities are from shock 



Results of an Electric Shock 
Burn 



250Ω 

250Ω 250Ω 

Human body Internal = 1 kΩ 
 
Overall resistance can drop 
much lower due to factors 
such as sweating, grip on tool 
etc. 
 
I=E/R   
120V/1000 Ω=.12A 
.1 Amp for Alternating 
current can be fatal! 

K = Thousand 

Shock & the Human Body 
Resistance (Ohms Ω)  



What About Electric Arcs? 

Pressure Waves 
10,000 psi 

(Blunt Trauma) 

Sound Waves 
160 db Shrapnel 

Hot Air-Rapid 
Expansion 

Intense Light 

Molten Metal 

Copper Vapor: 
Solid to Vapor 
Expands by  
67,000 times 
(700 mph) 

Electric Arcs can reach the  
Temperature of the sun’s  

Surface or 35,000° 

Toxic Gases 
Toxic Gases  



Arc Flash Hazard 
A source of possible injury or damage to health 
associated with the release of energy caused by an electric 
arc.

Informational Note No. 1: The likelihood of occurrence of an arc flash incident 
increases when energized electrical conductors or circuit parts are exposed or 
when they are within equipment in a guarded or enclosed condition, 
provided a person is interacting with the equipment in such a manner that 
could cause an electric arc. An arc flash incident is not likely to occur under 
normal operating conditions when enclosed energized equipment has been 
properly installed and maintained.

Informational Note No. 2: See Table 130.5(C) for examples of tasks that 
increase the likelihood of an arc flash incident occurring.
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Enclosed Arc Blast-consider equipment condition 
including age- Even with doors closed there may 
be risk- Anticipate Failure 



 
Two major types of faults in 
Electrical Equipment 
Bolted Faults-  

 

High current low impedance 
Energy contained within the 
conductor, bus or cable 
Arc is usually contained within the 
protective device (breaker / fuse) 
Cleared quickly (instantaneous setting) 
Low risk to personnel 
Equipment can typically be placed 
back in service following inspection / 
testing 



Arcing Faults- 
 

High impedance (air) results in 
lower current (may not be in 
current limiting region of 
protective device) 
 
Persists longer and propagates 
 
High energy release as thermal, 
radiation, blast  
 
Very dangerous to personnel and 
equipment 



Response of OCPD (fuse or breaker) 
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Arcing faults are far more 
destructive than bolted 

faults for many reasons, 
one major factor is the that 

the lower current levels 
cause a delayed response 
(if it clears/ opens at all) of 
the Over-Current Protective 

Device (OCPD). 
Bolted fault in this system 
(assume)=1000A  
breaker clears on 
 instantaneous=.017 sec 
Arcing fault= ~ 1/2 bolted fault  
current for 480V system 
~400 A 
~8 seconds to clear 



Causes of Bolted and arcing 
faults: 

 
Bolted Faults 
 

 Installation errors 
 improper connections following maintenance 

 
Arcing Faults 
 

 Equipment Failure 
 Careless cover or device removal 
 Foreign object (tool) dropped into equipment 
 Misalignment of moving contacts 
 Dirt contamination or dielectric breakdown 
 Entry of foreign body (squirrel, snake spider etc.) 



Arc Flash Due to dust in 480V 
Switchgear 



What does this hazard look like? 



Heat Energy Measurement 
Thermal energy released in an Arcing Event is measured in Cal / cm2 and  
Is called  “Incident Energy”. 
Calories are a unit of energy such as a Joule or Watt-second. 
 
Incident Energy: The amount of thermal energy impressed on a surface,  
a certain distance from the source, generated during an electrical arc event.  
 
Factors that determine how much thermal energy is delivered  
on the surface are: 

     Available Fault Current (kA) 
 

     Time duration of the event (t) 
 

     Distance from the Arc (D) 



Cotton Clothes at 8.4 Cal/cm2 



Injury Statistics 
l  Approximately 3000 reported flash burn incidents annually along 

with approximately 350 deaths According to research firm 
CAPSHELL. 

l  1 Electrocution in the US each day on average. 411 per anum 
based on a recent NIOSH study 

l  Average cost for medical treatment for a survivor with third 
degree burns is $ 1.5M 

l  Total costs including litigation are  $8- $10 M 
 
Non Human consequences:    

l  Lost revenue 
l  PR issues 
l  Citations and fines 
l  Equipment damage 
l  Downtime      



Is OSHA enforcing this? 

Some have questioned whether NFPA 70E is enforced 
since it is not adopted by OSHA or any other 

enforcement agency.  However, OSHA is obligated to 
enforce their requirements through any recognized 

standard or practice and 70E certainly falls within that 
category. OSHA field personnel carry NFPA 70E and 

they do write citations based on it.   
 



Recent OSHA Citation 
AUGUSTA, Maine – The U.S. Department of Labor's Occupational Safety and 
Health Administration has cited a Steele Co. for alleged 
willful, repeat and serious violations of workplace safety standards at its 
Augusta production facility. The steel products fabricator faces a total of 
$132,000 in proposed fines for electrical, crushing, laceration and other 
hazards identified during an inspection by OSHA's Augusta Area Office begun 
in January. 
OSHA found that maintenance employees were not supplied with and did not 
use personal protective equipment to protect themselves against the hazards of 
electric shock, arc flash and arc blast while performing diagnostic work on 
electrical equipment. This situation resulted in OSHA issuing the plant one 
willful citation, with a $70,000 fine. A willful violation is one committed with 
intentional knowing or voluntary disregard for the law's requirements, or with 
plain indifference to worker safety and health. 



What help do we have to be safe? 
Regulatory- Occupational Safety and Health Act 1970- Law 
Best Practices- ANSI Standards- General Industry NFPA 

70E- Standard for Electrical Safety In The Workplace 
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Complying with OSHA and 
NFPA 70E 
There are five important steps that companies are required 
to take to reduce the occurrence of electrical accidents and 
better protect workers and employers from the physical, 
financial and statutory consequences of electrical 
accidents. These steps are required as part of The National 
Fire Protection Association (NFPA) standard 70E®-2018, 
which provides a detailed reference for facilities to meet the 
requirements of electrical workplace safety. A sixth step 
assists the facility owners with fine-tuning the electrical 
system for safety and operability and is in Annex O of the 
standard. 



What are these steps? 
1.  Establish an Electrical Safety Program with 

Defined Responsibilities 
2.  Performance of an Arc Flash Hazard Analysis 

and Labeling of Equipment 
3.  Provide PPE and Insulated Tools 
4.  Training and Retraining of All Workers 
5.  Establish and execute a Documented 

Maintenance Program 
6.  Implement Any Possible Arc Reduction 

Solutions (not a requirement…. yet) 



Step 1: 
Establish and Audit an Electrical Safety Policy 
with Defined Responsibilities  
The Electrical Safe Work Practices (ESWP) policy is a written document 
created by the employer that covers all areas of the company’s electrical 
safety. It includes such things as lock out/tag out procedures, internal safety 
policies and clearly-defined responsibilities for electrical safety. While OSHA 
regulations may not detail what is included in an ESWP policy, through the 
General Duty clause, they refer to NFPA 70E for specific methods on 
workplace safety. NFPA 70E covers the requirements for safe work practices 
and administrative controls and provides the basis for the policy. A company’s 
ESWP policy should emphasize de-energization as a priority. If that is not 
feasible, it should clearly outline the procedure for working on live equipment 
and incorporate a work permit control for working on energized electrical 
equipment.  



Step 1 Continued: 
ARTICLE 110 General Requirements for Electrical 
Safety-Related Work Practices 
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110.1 Electrical Safety Program. 
(A) General. The employer shall implement and document an 
overall electrical safety program that directs activity appropriate to 
the risk associated with electrical hazards. The electrical safety 
program shall be implemented as part of the employer’s overall 
occupational health and safety management system, when one 
exists. 

Informational Note No. 1: Safety-related work practices such as 
verification of proper maintenance and installation, alerting 
techniques, auditing requirements, and training requirements 
provided in this standard are administrative controls and part of an 
overall electrical safety program. 



(H) Risk Assessment Procedure. The electrical safety program 
shall include a risk assessment procedure and shall comply 
with 110.1(H)(1) through 110.1(H)(3). 

(1) Elements of a Risk Assessment Procedure. The risk 
assessment procedure shall address employee exposure 
to electrical hazards and shall identify the process to be 
used by the employee before work is started to carry out 
the following: 
(1) Identify hazards 
(2) Assess risks 
(3) Implement risk control according to the hierarchy of 
risk control methods 

Step 1 Continued: 



Hierarchy of Controls 110.1.H (3) 
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(3) Hierarchy of Risk Control Methods. The risk assessment procedure shall require 
that preventive and protective risk control methods be implemented in accordance with 
the following hierarchy: 

(1) Elimination- Temporary removal of the hazard (ESWC) 
(2) Substitution - Minimize the hazard- remote switching, remote racking 
(3) Engineering controls - Isolate or minimize the hazard- ARMS, differential 
relaying 
(4) Awareness - Signs, labels or alarms- no impact on severity or hazard 
(5) Administrative controls - Procedures, training, (ESWC) 
(6) PPE- Last line of defense and does not affect the hazard or likelihood of an 
event 

 
Informational Note No. 1: Elimination, substitution, and engineering controls are the 
most effective methods to reduce risk as they are usually applied at the source of 
possible injury or damage to health and they are less likely to be affected by human 
error. Awareness, administrative controls, and PPE are the least effective methods to 
reduce risk as they are not applied at the source and they are more likely to be affected 
by human error. 

Step 1 Continued: 



Step 2 Equipment labeling Requirement 
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130.5 (H) Equipment Labeling. Electrical equipment such as switchboards, panelboards, 
industrial control panels, meter socket enclosures, and motor control centers that are in 
other than dwelling units and that are likely to require examination, adjustment, 
servicing, or maintenance while energized shall be marked with a label containing all 
the following information: 

(1) Nominal system voltage 
(2) Arc flash boundary 
(3) At least one of the following: 

a. Available incident energy and the corresponding working distance, 
or the arc flash PPE category inTable 130.7(C)(15)(a) or Table 130.7(C)
(15)(b) for the equipment, but not both 
b. Minimum arc rating of clothing 
c. Site-specific level of PPE 

Exception No. 2: In supervised industrial installations where conditions 
of maintenance and engineering supervision ensure that only 
qualified persons monitor and service the system, the information 
required in 130.5(H)(1) through 130.5(H)(3) shall be permitted to be 
documented in a manner that is readily available to persons likely to 
perform examination, servicing, maintenance, and operation of the 
equipment while energized. 



l  The methodology for performing an arc flash 
analysis is outlined in IEEE 1584, Guide for 
Performing Arc Flash Hazard Calculations. 
The arc flash analysis will determine, among 
other things, the incident energy potential of 
each piece of electrical distribution 
equipment in the facility. This incident energy 
potential will define the personal protective 
equipment (PPE) that is required.  

Step 2 continued; 



l  One alternative to a detailed arc flash analysis that is permitted in 
NFPA 70E – 2012 Edition is to use the task tables in section 
130.7(C)(15)(a) to determine the required PPE Hazard Risk 
category. Each table has usage limitations as stated in the body of 
the table. They specify a range of available fault current and clearing 
times for the upstream over-current protective device. The tables 
may not be safely used beyond this range. Unless a short circuit and 
coordination study has been performed, users will usually not know 
these details. This commonly leads to misuse of the task tables, 
which can lead to either over-protection or under-protection for the 
worker. An arc flash analysis performed to IEEE 1584, on the other 
hand, provides a complete evaluation of the power system with the 
actual incident energies on each piece of equipment clearly defined. 
No matter the methodology used to establish the proper PPE, NFPA 
70E and the NEC require labeling as identified above. 

Step 2 continued; 



Arc Flash Label Examples 
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Step 3:  
l  Provide Adequate 

Supplies of PPE and 
Insulated Tools  

 
 
Employees shall be provided with 
appropriate PPE to protect against shock 
and arc flash. The standards also require 
the employer to furnish insulated voltage 
rated hand tools and insulated voltage 
sensing devices for testing and 
troubleshooting on energized electrical 
equipment.  
 
It is the employees responsibility that once 
trained and supplied with PPE, they follow 
the companies written safety policy and 
proper use of the provided PPE. 

PPE is required during the process 
of achieving a zero energy state 



PPE Category 2 Minimum Rating = 8 cal/cm² 

+ 

+ 

HRC 2 

Hard hat with Arc 
Shield and safety  

glasses  

AR Pants and Shirt or coveralls over cotton 

Heavy Duty Leather Gloves & or Rubber Insulating Gloves  
and leather protectors as needed 

Arc Rated Balaclava 



Arc Rated Gloves and Rubber insulating 
gloves as required. Or 

PPE Category 4 

Minimum Rating = 40 cal/cm² 

100% cotton clothing underneath 

AR Suit 



For hazard risk categories 
PPE Category:  
1 or 2 use Category 2 PPE 
3 or 4 use Category 4 PPE 

Simplified System (NFPA70E tables) 

HRC4 

PPE Category 2 

Arc Rated Gloves  & Rubber Insulating  
Gloves as needed 

Hard hat with Arc 
Shield and safety  

glasses  

AR Pants and Shirt or coveralls over cotton 

Heavy Duty Leather Gloves & or Rubber Insulating  
Gloves with leather protectors as needed 

Arc Rated 
Balaclava 

PPE Category 4 

Or 

Category 4 
Minimum Rating = 40 cal/cm² 

100% cotton clothing underneath 

AR Suit 



Arc Flash Incident 
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Racking breaker in on 
live bus with breaker 

in closed position. 
 

Arc flash level 
unknown 
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Arc Flash PPE- Applied properly 
saves lives! 

Employee in hospital for one week 
PPE saved his life 
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Step 4 
Electrical Safety Training Requirements  110.2 

•  The training requirements contained in this section shall apply to 
employees exposed to an electrical hazard when the risk associated 
with that hazard is not reduced to a safe level by the applicable 
electrical installation requirements 

•  Employees shall be trained in and familiar with the safety-related 
work practices, safety procedures, and other safety requirements that 
pertain to their job assignments 

•  Contact Release. Employees exposed to shock hazards and those 
responsible for the safe release of victims from contact with energized 
electrical conductors or circuit parts shall be trained in methods of 
safe release. Refresher training shall occur annually 

•  Shut off the source, use an insulated tool, Voltage rated gloves 



Qualified Person-Training 
Qualified Person -Definition. One who has 
demonstrated skills and knowledge related to the 
construction and operation of electrical equipment 
and installations and has received safety training to 
identify the hazards and reduce the associated risk. 
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Qualified Person. -Training- A qualified person shall be trained and 
knowledgeable in the construction and operation of equipment 
or a specific work method and be trained to identify and 
avoid the electrical hazards that might be present with respect 
to that equipment or work method. 

(a) Such persons shall also be familiar with the proper 
use of the special precautionary techniques, applicable electrical 
policies and procedures, PPE, insulating and shielding 
materials, and insulated tools and test equipment. 
(b) A person can be considered qualified with respect to 
certain equipment and tasks but still be unqualified for others 



Boundary Graphic 
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Graphic from NFPA 70E Handbook 



Step 5: 
Maintenance is the Key to 
Personnel Safety  

While maintenance has long been considered to be the key to long term 
reliability of equipment, NFPA 70E dedicates an entire chapter to the subject of 
maintenance for electrical safety. All electrical distribution systems contain 
active components such as fuses, circuit breakers and protective relays that 
help protect the system in the event of an electrical fault. These components 
are also crucial when it comes to protecting workers from the hazards of arc 
flash and arc blast. Modern, properly adjusted overcurrent protective devices 
that have been well maintained are able to detect an arcing condition and clear 
the fault quickly. The action of overcurrent protective devices results in 
significantly reducing the amount of incident energy that is released.  
In the past, attention to maintenance and the condition of electrical equipment 
was not a primary concern for most facility owners. In many cases it was not 
clearly understood that poor condition or inadequate maintenance of the 
devices presented an elevated safety hazard for workers. With the current 
focus on workplace hazards and electrical safety, companies will be more 
vigilant when it comes to properly maintaining their electrical systems  

205.3 General Maintenance Requirements. Electrical equipment shall be maintained in 
accordance with manufacturers’ instructions or industry consensus standards to 
reduce the risk associated with failure. The equipment owner or the owner’s designated 
representative shall be responsible for maintenance of the electrical equipment and 
documentation. Informational  



Risk for Non Compliance 

l  Possible injury or death for workers 
l  OSHA Fines 
l  Bad PR- negatively impacts public perception 
l  Workers and contractors not able to follow proper 

safety procedures 
l  Increased Insurance Premiums 
l  Reduced Reliability 



Step 6:  
Safety Related Design Requirements as 
outlined in Annex O of NFPA 70E 
l  Zone Selective Interlocking 
l  Virtual Mains 
l  System sizing during design 
l  Arc Reduction Maintenance Switch 
l  Optical sensing devices which clear a fast acting device upstream 
l  Arc Terminator 
l  Arc resistant equipment 
l  Having a good maintenance program! 
l  Infrared viewing windows-negate the need for cover removal 
l  Procedural techniques 
l  Remote racking-remove the worker from the hazard 



How Can Boston Safety 
Training Help? 

 On Site and regional training classes 
 Arc Flash Studies & Labeling of Equipment 
 Site Safety Assessments 
 Safety Audits 
 Safety Programs- ESPS 
 OSHA training –General Industry & Construction 
 CPR First Aid & AED Training 
 Supplier of PPE-OBERON Company 

           Contact dean@bostonsafetytraining.com 
 508-272-8815 
 www.bostonsafetytraining.com 




