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Major Changes to NFPA 70E - 2018

Greater emphasis on Risk Assessment:

• Identify hazards

• Estimate likelihood of occurrences 

• Estimate potential severity of injury

• Determine if protective measures are required
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List of changes

Explanations/
discussions/
examples

Case studies
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Last Class Question by Mike Wactor

I interpret this section as follows:

1. If equipment is arc-resistant or arc-resistant-type…AND clearing time is < 0.5 sec…AND doors CLOSED…

THEN there is no requirement for AF PPE, and there is no AF boundary

(Normal Operating Condition is implied)

2. If equipment is arc-resistant or arc-resistant-type…AND clearing time is < 0.24 sec…AND minimum work 
distance  ≤ 36”…AND S.C. ≤ 35 kA…AND doors OPEN…….

THEN AF PPE Category 4 is required AND AF boundary is 40 ft.
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An example of boundaries.  The arc flash boundary is a 
calculated value…5ft shown as an example



Major Changes to NFPA 70E - 2018

Qualified Person (100):

One who has demonstrated skills and knowledge 
related to construction and operation of electrical 
equipment and installations and has received safety 
training to identify the hazards and reduce the 
associated risks.
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Major Changes to NFPA 70E - 2018

Condition of Maintenance (100):

The state of electrical equipment considering 
the manufacturers’ recommendations and 
applicable industry codes, standards, and 
recommended practices.
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Major Changes to NFPA 70E - 2018

Working Distance(100):

The distance between a person’s face and chest 
area and a perspective arc source
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Major Changes to NFPA 70E - 2018

Working Distance(100):

The distance between a person’s face and chest 
area and a perspective arc source
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Major Changes to NFPA 70E - 2018

Responsibility (105.3):
This section was revised and subdivided into 
“Employer Responsibility” and “Employee 
Responsibility”

Now the employee is required to comply with the 
safety-related work practices and procedures 
provided by the employer.
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Major Changes to NFPA 70E - 2018

Risk Assessment Procedure (110.1.H):
• Identify hazards
• Human error
• Hierarchy of Risk Control Methods (previously info. note)

– Elimination
– Substitution
– Engineering Controls
– Awareness
– Admin Controls
– PPE
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Detailed in Informative Annex Q



Major Changes to NFPA 70E - 2018

Electrically Safe Condition (130.2):

Energized electrical conductors and circuit parts 
operating at voltages equal to or greater than 50 
Vac or 100 Vdc volts shall be put into an 
electrically safe work condition before an 
employee performs work if any of the following 
conditions exist:
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Major Changes to NFPA 70E - 2018

(required to be put into electrically safe condition)

• If work is being performed in the limited 
approach boundary

• Interaction clause:  The employee interacts with 
equipment where conductors or circuit parts are 
not exposed but an increased likelihood of injury 
from an exposure to an arc flash hazard exists.

The exception regarding disconnecting means or 
isolating element was deleted (next slide)…
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Major Changes to NFPA 70E - 2018
Exception: Where a disconnecting means or isolating element that has been properly installed
and maintained is operated, opened, closed, removed, or inserted to achieve an electrically
safe work condition for connected equipment or to return connected equipment to service that
has been placed in an electrically safe work condition, the equipment supplying the disconnecting 
means or isolating element shall not be required to be placed in an electrically safe work
condition provided a risk assessment is performed and does not identify unacceptable risks for
the task.

If an enclosed fusible safety disconnect or an enclosure circuit breaker disconnect is nippled to an 
industrial control panel and used to create an ESWC, since the live conductors to
the main lugs of the disconnect are not exposed when the industrial control panel doors
are opened, the risk assessment should identify the risk as acceptable, unless there is another power 
source into the industrial control panel that has not been properly locked out. A similar situation is 
where the industrial control panel has two doors and the compartment containing the disconnect 
switch has a separate door and is completely barriered and sealed off from the other compartment in a 
manner similar to that of a nippled enclosed disconnect. Under either of these scenarios, the 
equipment supplying the disconnect would not be required to be put in an ESWC.

This was deleted
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Major Changes to NFPA 70E - 2018

Normal Operation (130.2.A.4) – all conditions are 
satisfied
• Equipment is properly installed
• Equipment is properly maintained
• The equipment is used in accordance with 

instructions included in the listing and labelling and in 
accordance with mfgr’s instructions

• Equipment doors are closed and secured
• All covers in place and secured
• No evidence of impending failure
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Major Changes to NFPA 70E - 2018

When is Energized Electrical Work Permit Required 
(130.2.B.1) 

• When work is performed as permitted in 
accordance with 130.2(A), an energized electrical 
work permit shall be required and documented 
under any of the following conditions:
– When work is performed within the restricted approach 

boundary

– Interaction can increase likelihood of injury from an arc 
flash
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Major Changes to NFPA 70E - 2018

NEW Table 130.5(G) Selection of Arc-Rating Clothing 
and other PPE when incident energy analysis method 
is used.

This table was added and “shall be permitted to be 
used with the incident energy analysis method for 
selecting arc flash PPE.”

Derived from Annex Table H.3(b) in 2015 edition
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Major Changes to NFPA 70E - 2018
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Major Changes to NFPA 70E - 2018

Exception No. 1 (130.5.H) for labels:

Unless changes in electrical distribution 
system(s) render the label inaccurate, labels 
applied prior to the effective date of this edition 
of the standard shall be acceptable if they 
complied with the requirements for equipment 
labelling in the standard in effect at the time the 
labels were applied.
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Major Changes to NFPA 70E - 2018

Exception No. 2 for existing labels:
In supervised industrial installations where the 
conditions of maintenance and engineering 
supervision ensure that only qualified persons 
monitor and service the system, the information 
required in 130.5(H)(1)-(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.
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Major Changes to NFPA 70E - 2018
Personal and Other Protective Equipment (130.7):

130.7(A) Informational Note #2 (deleted):

Informational Note No. 2: It is the collective experience 
of the Technical Committee on Electrical Safety in the 
Workplace that normal operation of enclosed electrical 
equipment, operating at 600 volts or less, that has 
been properly installed and maintained by qualified
persons is not likely to expose the employee to an 
electrical hazard.

This note has been deleted.
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Major Changes to NFPA 70E - 2018
130.7(A) Informational Note #3:
Note regarding the 40 cal/cm2 at the working 
distance…greater emphasis may be necessary with 
respect to de-energizing has been deleted.

Consider a 40 cal/cm2 with 3 cycle clearing time vs. 
2 second clearing time

Instead, a greater emphasis should always be 
placed on de-energizing…

…not just above 40 cal/cm2
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Avoiding Hazards

De-energize the circuit!!

Per OSHA 1910.333(a)(1), live parts to which an employee may be exposed 
must be de-energized before the employee works on or near them, unless the 
employer can demonstrate that de-energizing introduces additional or 
increased hazards or is  not feasible due to equipment design or operational 
limitations. (Live parts that operate at less than 50 volts to ground need not 
be de-energized if there will be no increased exposure to electrical burns or 
to explosion due to electric arcs.)

The message is clear: never work on live circuits unless it is absolutely 
necessary. OSHA allows work on live circuits in some cases, but the reason 
cannot be simply that turning off the power is inconvenient or will interrupt 
production. Nor can workers use the excuse that they didn’t have the 
authority to shut off power.
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Flash Protection Boundary

The arc flash boundary for systems 50 volts and 
greater is the distance at which the incident 
energy equals 1.2 cal/cm2 (5 J/cm2).

This is the onset of a 2nd degree burn…

…..which is recoverable
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Arc Flash Boundary 130.5(E)
Public consensus is that, should an arc flash occur while an employee is 
performing a task on justified energized electrical equipment, the employee 
should be able to survive without permanent physical damage. Testing has 
concluded that 1.2 cal/cm2 is the level at which exposed skin can suffer the 
onset of a second-degree burn. See the commentary following the term arc 
flash hazard in Article 100 regarding second-degree
burns.

Properly rated PPE should limit the employee’s injury to a second-degree 
burn if an arc flash were to occur while performing work within the arc flash 
boundary. There is no requirement to provide the employee with arc flash 
protection when the incident energy is below 1.2 cal/cm2 since the expected 
injury from an incident will be survivable and nonpermanent
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PPE
Remember: PPE is the last line of defense. PPE 
cannot prevent all injuries and will only lessen the 
impact of an arc flash. In many cases the use of PPE 
has saved lives or prevented serious injury.

National trend is single layer Arc Flash PPE Category 2 daily 
wear and Arc Flash PPE Category 4(or greater) flash suit.

Always wear arc rated clothing as the outermost layer
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Other Arc Flash Considerations

Short circuit levels exceed equipment ratings

• The incident energy calculations are based on 
protective devices having the ability to clear 
the fault within a preset time.  

• If the protective device can not interrupt the 
fault, the device can fail (leading to other 
issues) and will require the upstream device to 
clear the fault…adding additional time.
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Arc Flash Mitigation via 
Engineering Controls

• System design

• Selection of equipment

– Proper ratings (S.C., AF Time, etc)

– Proper application 

– On-line diagnostics (i.e. partial discharge)

• Protection schemes

• Maintenance Switches

• Remote operation (including racking in/out)
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Arc Flash Mitigation

• System design such that de-energizing of 
source is always possible, HRG (for LV equip).

• Arc-resistant switchgear

• Fast acting protection schemes (diff, zone 
selective interlocking, arc detection, etc)

• Maintenance / alternate settings

• Remote operation including racking in/out
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Arc Flash Mitigation
De-Energize Equipment

• Main-Tie-Tie-Main
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“A” Circuits “B” Circuits



Arc Flash Mitigation
De-Energize Equipment

• Main-Tie-Tie-Main
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“A” Circuits “B” Circuits

Breakers can be racked in/out
To de-energized equipment



Arc Flash Mitigation
De-Energize Equipment

• Main-Tie-Main
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“A” Circuits “B” Circuits

Tie Breaker is always energized until both buses are de-energized



Arc Flash Mitigation
De-Energize Equipment

• Main-Tie-Main
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“A” Circuits “B” Circuits

Tie Breaker is always energized from at least one side
until both buses are de-energized

Main breaker can be racked in/out
To de-energized equipment



Arc Flash Mitigation
Arc Flash Containment

• Arc Resistant Equipment
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Containment means that it protects you from the flash hazard, and
more importantly it protects you from the pressure wave.



Arc Flash Mitigation
Arc Flash Containment

• Arc Resistant Equipment
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But do you still need calculations and labels?

What happens when the doors are open, panels removed ?

…or not installed properly (i.e. panels left open, openings not 
sealed properly)

…or if clearing time is greater than rated (typ 0.5 seconds)



Arc Flash Mitigation
Arc Flash Containment

• Arc Resistant Equipment
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But do you still need PPE if operating within ratings and door closed?

Recall that AR swgr limits the amount of thermal energy
external to the switchgear…such that ignition of the indicators 
does not occur.  The standard allows:
“Holes in horizontally mounted indicators caused by particles that do not ignite

the indicator are ignored.”  

Those particles could still cause harm to personnel.



Arc Flash Mitigation
Arc Flash Containment

• Arc Resistant Equipment

41

But do you still need PPE?



Arc Flash Mitigation
Arc Flash Containment

• Arc Resistant Equipment
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But do you still need PPE?



Arc Flash Mitigation
Arc Resistant Swgr

• The preferred arcing duration for this test are 0.5 sec for MV and 0.1 sec for LV Swgr. 
That works great for high impedance loads…(i.e. motors, transformers, etc) on a radially fed bus
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Arc Flash Mitigation
Arc Resistant Swgr

• …a little more tricky if you are trying to include coordination for tie 
breaker
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Arc Flash Mitigation
Arc Resistant Swgr

• …and impossible for a bus that feeds a remote bus
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Arc Flash Mitigation
Arc Resistant Swgr

Does this mean that you can not use AR Swgr for these applications?

No…..Short of de-energizing equipment, containment of the arc flash is your best means of 
protection of personnel

This just means that you have to give a little more thought to the specification of the equipment:
• Longer arc flash time rating (1 sec or 2 sec)….but this will add significant cost
• Addition of arc flash mitigation protection 

– Fast acting differential protection
– Arc flash sensing protection 

You have to better define your objective, understand the applications (understand the 
limitations that the ratings/design will create)….and probably most importantly budget 
constraints. 
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Arc Flash Mitigation
Arc Resistant Swgr

Also, don’t forget that AR swgr
will protect you from the pressure 
wave that causes physical damage 
within the first cycle of the arcing 
fault.
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Arc Flash Mitigation
Protection Schemes

• High-speed differential protection
– CTs define zones of protection 

– Multiple CTs / wiring

– Specialty relay (high impedance or low impedance)

– High-speed tripping

– Difficulties with MCCs
• CT placement

• Contactor ratings

• Contactor opening time
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Arc Flash Mitigation
Protection Schemes
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Arc Flash Mitigation
Protection Schemes

• Arc Flash Detection
– Addition of F.O. sensors

• Point sensors
• Bare fiber sensors

– Many O/C relays have option for F.O. interface
– Susceptibility to light…requires current supervision
– Difficulties with MCCs

• Contactor ratings
• Contactor opening time
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Arc Flash Mitigation
Protection Schemes
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Arc Flash Mitigation
Protection Schemes

• Zone Selective Interlocking

– CTs define zones of protection 

– Communications between relays

– Many O/C relays have option for ZSI

– Small time delay

– Difficulties with MCCs

• Contactor ratings

• Contactor opening time
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Arc Flash Mitigation
Protection Schemes
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Arc Flash Mitigation
Protection Schemes

• Remote operation

– DCS controls

– Chicken Switch

– Remote Racking

Gets personnel away from equipment
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Arc Flash Mitigation
Working Distance
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After market remote racking 
devices



Arc Flash Mitigation
Working Distance
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(Swgr can be specified with 
closed door racking)

Mfgrs can provide accessories so 
that remote racking devices can be 
attached with doors closed.

Provided with camera



Arc Flash Mitigation
Working Distance
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Arc Flash Mitigation
Working Distance
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Arc Flash Mitigation
Working Distance
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Arc Flash Mitigation
Protection Schemes

• Maintenance Switch

Applies alternate (lower) settings to upstream 
protection which reduces time to trip…

…however during this time, coordination is 
compromised.   

And don’t walk away without changing back! 
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Arc Flash Mitigation
Protection Schemes

• Modern relays can provide alternate setting 
groups which can be activated remotely (via 
D.I. to relay) or locally at the relay.

Never a good idea to change settings on the fly 
without testing...The second/alternate setting 
group should be set/tested ahead of time.
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Arc Flash Mitigation
Protection Schemes

• For older relays/schemes
– New relay can be added 

– Spare contacts can be used

Via a selector switch.

Contact from selector switch should sound alarm horn 
or turn on strobe light, such that you do not walk away 
in the reduced setting position.
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Arc Flash Mitigation
Working Distance

• Arc flash hazards at MV Swgr/MCC are 
typically more manageable than LV Swgr/MCC 
due to:

– Working distances

– Magnitude of arcing fault 
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Arc Flash Mitigation
Working Distance: IEEE 1584-2002
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Arc Flash Mitigation
Working Distance

Example:
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Working Distance Incident Energy

18” 49 cal/cm2

24” 37 cal/cm2

36” 25 cal/cm2

4160 V switchgear bus
11 kA arcing fault
Trip time = 2.0 sec

Note:  Depending on type of installation/voltage, the 
relationship between working distance and incident 
energy can be as high as a square function….(decreasing 
working distance in half can quadruple the incident energy 
… E α Distance2)



Arc Flash Mitigation
Proper Maintenance

• Don’t forget about maintenance….
– Proper storage
– Working heaters if required
– Avoid leaving equipment energized without load.  

There is a misconception about energized     
equipment being heated up just from the voltage

– Don’t forget about the open tie breaker
– Use maintenance testing diagnostic tools…

AND READ THE TEST REPORTS
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Thank You.

Questions?
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