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Safety with Arc-Flash

by Tony Demaria
Tony Demaria Electric, Inc.

How do I get my technicians  
to adequately protect themselves 
from electrical hazards?

NFPA 70E is the MSDS of electricity. Hazards of electricity 
fall into two distinct categories, shock and arc flash. Almost 
intuitively, qualified electrical workers understand electrical 
shock hazards. Shock has been the primary concern of all 
electrical workers for many decades. 

The greatest danger of electrical shock exists when the 
worker assumes rather than verifies that equipment is de-
energized. What tools can we provide the technician to 
systematically avoid that assumption?

The more challenging piece of the safety process is arc-
flash. Arc-flash boundary calculation and the determination 
of proper PPE when entering the arc-flash boundary require 
complex calculations which in turn, require accurate infor-
mation about short-circuit current and protective device 
operating times.

Shock-Hazard Review
Shock-hazard analysis is fairly straightforward. A quali-

fied worker must be capable of determining the highest volt-
age level exposure. Once the voltage level is identified, the 
boundaries can be found using NFPA 70E Table 130.2(C). 

Shock protection boundaries include limited approach, 
restricted approach, and prohibited approach.   These bound-
aries are described in NFPA70E Article 130.2  The limited 
approach boundary is designed to keep anyone, qualified, 
unqualified, or even a casual bystander, far enough away 
from exposed, energized equipment to be safe from electri-
cal shock.  Crossing the restricted approach or prohibited 
approach boundaries requires a shock hazard analysis that 
determines the PPE required.  Only qualified persons may 
cross the prohibited approach boundary.  Unqualified per-
sons may be escorted into the space between the limited 
approach and restricted approach boundaries, but must 

never cross the prohibited approach boundary.  The quali-
fied person must continuously escort the unqualified person 
while he is inside the limited approach boundary.

Arc-Flash Hazard
The challenging part comes in the category of arc-flash. 

The shock boundaries we just discussed are generally well 
within the arc-flash boundary. Determining arc-flash 
boundaries is a significantly more challenging feat. If you 
are going to calculate the arc-flash boundary, you must 
know the available fault current and clearing times of the 
protective devices. These values should not be determined 
in the field as errors leading to underprotected workers are 
more likely to be made. 

When it comes to choosing arc-flash protection there 
are few easy answers. However, when it comes to protecting 
your workers it is important to make the choices as easy as 
possible. Begin now to develop and utilize your company’s 
own checklist that guides the technician to the best PPE 
selection every time.

A checklist that is filled out step by step is a better tool 
for safety than a form that is often not filled out completely. 
For example, let us use one of the most common functions 
that a technician in the field performs -- making equipment 
electrically safe.

Task: Make energized equipment electrically safe.

1. Is there energized electrical equipment?
  No. Verify electrical safety and identify nonelectrical  
  hazards associated with the work task beginning at  
  Step 5. This step is included for workers who may not 
  have been part of the initial isolation.
  Yes. Using NFPA 70E Table 130.2(C) identify the  
  following:
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   i. Voltage Level
   ii. Limited Approach Boundary
   iii. Restricted Approach Boundary
   iv. Prohibited Approach Boundary

2. Will I cross the restricted approach boundary?
  No. Then shock hazard is minimal and insulated tools  
  and gloves are not required.
  Yes. A shock hazard exists and you will need appropriate  
  PPE.
   i. For 1000 volts and less, use class 0 gloves and  
    insulated, nonconductive tools only.
   ii. For voltage up to 15 kV use class 2 gloves and  
    insulated, nonconductive tools only.

3. Determine the arc-flash boundary.
  Is there an arc-flash label?
   i. No. Using NFPA 70E Tables 130.7(C)9, 10,  
    and 11 determine required PPE.
   ii. Yes. Record category number and wear  
    recommended PPE.

What if the category on the label seems too low? Recently 
we came across a 4,160 volt disconnect switch labeled Cat 0.  
Our technicians did not feel safe in so little PPE, and for 
that reason we set minimum categories for basic operations 
that were in excess of that required by the engineered labels.

Some operations may be particularly dangerous due 
to lack of equipment maintenance or other reasons and a 
company may choose to apply minimum requirements that 
exceed industry standards. 
   iii. Minimum company PPE requirements:
    1. Switching overhead, manually-operated  
     devices: Cat 4
    2. Switching metal enclosed equipment:  
     Cat 2*
    3. Racking circuit breakers in or out of  
     connected position: Cat 4
   iv. Minimum arc-flash boundaries: 
    1. 480 volt is 4 feet
    2. 15 kV is 12 feet

  480 volt transformer size rules
   i. Applies to transformer secondary through  
    main circuit breaker
   ii. 1000 kVA and less requires Cat 4 PPE
   iii. Greater than 1000 kVA is unsafe for energized  
    work inside the minimum flash boundary of  
    four feet

4. Operate required devices
  Switches
  Circuit breakers
5. Lockout/Tagout
   List points where locks will be applied
   i. Line side #1
   ii. Line side #2
   iii. Load side #1
   iv. Load side #2
  All technicians are required to install a lock on the  
  electrical system if they will be working on the system.  
  Work includes supervisory and inspection roles.

6. Grounding
 Verify the absence of voltage using an appropriately rated  
 tester
   i. Check on live source
   ii. Verify dead circuit (all phases and peripheral  
    components that might be energized)
   iii. Check on live source

Safety reminder: Noncontact testers DO NOT work on shielded 
cable systems, on dc systems, or on ac systems with trapped charge.

  Install suitable grounds
   i. Attach cable to ground
   ii. Position body to side of cabinet and attach  
    cable to each phase

7. Identify changes or improvements to the task that would  
 reduce the hazards
  Arc-flash study
  Remote operating equipment
  Remote racking
  Improved point for isolation
  Improved ground connections
  Mechanical/Design changes
  IR windows

We can create a short list of other checklists for develop-
ment. Additional common tasks might include:

1. Work on or around equipment that is not in an electrically  
 safe condition
  a. Voltage testing
  b. Thermographic surveys
  c. Routine visual inspections (see development  
   example below)
2. Troubleshooting
  a. Voltage testing
  b. Control checks and verifications
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Ultimately individual attitudes toward safety will deter-
mine the level of compliance with safety policies and use of 
checklists. Avoid boring safety training sessions. Find ways 
to make the training real world and interactive.

Consider the following task: Visual inspection of relay 
connections inside spare 13.8 kV circuit breaker cubicle. 
The metal enclosed bus and relay connections are energized.

Checklist: Visual Inspection of Electrical Equipment

1. Will the inspection expose energized electrical  
 equipment?
  No. Verify electrical safety and identify nonelectrical 
  hazards associated with your work task. 
  Yes. Using NFPA 70E Table 130.2(C) identify the  
  approach boundaries:
   i. Voltage level: 120 V control voltage
   ii. Limited approach boundary: 42 inches
   iii. Restricted approach boundary: Avoid contact

2. Will I cross the restricted approach boundary?
  No. Then shock hazard is minimal and insulated tools  
  and gloves are not required.
  Yes. A shock hazard exists and you will need appropriate  
  PPE.
   i. For 120 V control, use class 00 or class 0 gloves  
    and insulated or nonconductive tools only.
   ii. For 13.8 kV power circuits, use class 2 gloves  
    and insulated or nonconductive tools only.

What is the appropriate level of arc-flash PPE? This is 
the point at which things begin to get difficult and may 
be debated at length. Remember that in this example, our 
qualified worker is visually inspecting the relays. His distance 
from the shuttered circuit breaker bus is over three feet.

Could something happen during this inspection that 
creates an arc-flash event? Yes. Anytime we are in the pres-
ence of energized, electrical equipment we are exposed to 
this hazard. Will an arc-flash event occur? The probability 
is low. As part of our evaluation we are to take into account 
the frequency of the task, the probability that something 
will fail, and the injury consequences.

So how can we ensure that our workers operate in a con-
sistent manner in these situations? How can we ensure that 
the worker can easily select the required PPE? Within the 
guidelines of NFPA 70E, establish minimum PPE require-
ments. Since the decisions are not easy, provide guidelines 
and information to assist in the selection. 

3. Arc-flash PPE for visual inspections

Note: If there is ANY interaction with components, these 
requirements will leave you underprotected! Refer to the 
appropriate check list for your task.

  Exposed conductors up to 240 volts
   i. Cat 2 clothing and safety glasses
   ii. Face shield is required
  Exposed conductors up to 480 volts 
   i. Flash hood is required.
  Exposed conductors up to 13,800 volts 
   ii. Multilayered flash suit is required.

The worker above is not adequately protected and should 
add a face shield for this visual inspection task.

Analyze the situation below and with your team deter-
mine the appropriate PPE for the task. If you would like 
to share your thoughts with the safety committee we would 
welcome your input.

Situation 2
13.8 kV metal-enclosed switchgear is energized. The 

task is to rack a medium-voltage circuit breaker from the 
disconnected position to the TEST position so that it can 
be electrically opened and closed. Assume that the shutters 
are closed and working properly and that interlocks and 
TEST position stops are all working properly.
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specializing in maintenance and testing of switchgear and large motors 
for industrial facilities. Tony Demaria Electric is a NETA Accredited 
Company, and Tony serves as Chair of the NETA Safety Committee..


