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Objectives/Outline

• Identify overlapping components related to 
risk in NFPA standards:

• Electrical installations, 

• Maintenance, 

• Personnel protection during PMs.

• Define normal operating conditions and how 
design and maintenance of electrical 
systems impact worker safety and risk.

• Implement risk assessment methods per 
NFPA 70E electrical safety standard.

Don’t judge a book by it’s cover!
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Risk? Risk?

Yes, No, Trick Question?



What is Risk?

• Combination of the likelihood 
of occurrence of injury and 
severity of injury that results 
from a hazard.

• Severity relates to energy 
level (e.g.: 50 V, 1.2 cal/cm2).

• Likelihood related to 
proximity, frequency, task.
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Overlapping Components

• Code
• Set of rules. 
• Not a law but can be adopted 

into law.
• Standard

• Detailed elaboration.
• The nuts and bolts of meeting 

code requirements.
• AHJ  Responsible for enforcing 

requirements of code/standard.

Overlapping Components

Q: An organization can have a(n) AHJ.

Yes, No, Trick Question?

Authority Having Jurisdiction (AHJ)

An organization, office, or individual responsible for enforcing the 
requirements of a code or standard, or for approving equipment, 
materials, an installation, or a procedure.

Overlapping Components

Q: Is NFPA 70E a voluntary standard and not something OSHA enforces?

Yes, No, Trick Question?

A: From an enforcement perspective, OSHA does not enforce NFPA 70E, 
however, use NFPA 70E to support citations for violations relating to 
certain OSHA standards, such as general requirements for PPE in 
29CFR1910.335/29CFR1926 subpart K. 



Overlapping Components

Compliance may not = acceptable risk

Employees shall wear protective 

equipment for the eyes or face 

whenever there is danger of injury to 

the eyes or face from electric arcs.  

Face Protection. Face shield shall have 

an arc rating suitable for arc exposure.  
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Overlapping Components

Electrical design & 
Installation

Electrical 
preventive 

maintenance 
programs

Safe work 
practices when 

working on 
electrical 
systems

Design & Maintenance 

• Normal operating condition
• Discussed in several NFPA standards (70E & 70B) 

• Refers to equipment or systems functioning as intended.

• Without abnormal conditions or hazards.

• Operation of equipment means interacting with it as intended, 

where the equipment meets specified criteria—no reason to 

assume inherent safety risk.

• Normal operation does not require a qualified person and is 

considered low risk if performed as designed.

Design & Maintenance 

• Examples of interacting with electrical 
systems in a normal operating 
condition:

• Most operations performed at control 
panel of equipment.

• Most low voltage switching 
operations 

• Provided it is not being performed 
for the first time after installation 
or PM. 

• Equipment is properly installed & 
maintained.



Design & Maintenance 

• Normal operation of equipment 
involves interacting with it, but for 
most equipment, this does not meet 
the definition of working on as 
defined in NFPA 70E.

• Working On: Intentionally coming in 
contact with energized electrical 
conductors with tools, probes, or with 
test equipment.
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Design & Maintenance 

• Normal operating condition (Summary)
• Equipment is properly installed.

• Equipment is properly maintained.

• Equipment is used in accordance with instructions included 
in listing and labeling.

• Equipment doors are closed and secure.

• Equipment covers are secure and in place.

• No evidence of failure.

Design & Maintenance 

Q: This operation here is a 

normal operating condition.

Yes, No, Trick Question?

Design & Maintenance 

• Authoritative document addressing 
electrical installations.

• Revised every 3 years to stay in 
sync with industry practices, 
emerging trends, and introduction 
of technologies. 

• Provide comprehensive rules for 
designers, installers, inspectors, 
engineers, electricians, and 
anyone else who works in the 
electrical industry. 



Design & Maintenance 

• Example: Panelboards.

• NEC will give construction 
requirements.

• Equipment properly 
installed.
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Design & Maintenance 

• Case Study:
• A worker was injured from arc flash 

upon closing the main circuit breaker 
during commissioning operations on a 
480 VAC Panelboard.

• The root cause of the arc flash 
incident was attributed to improper 
installation of wiring on the 
panelboard. 

Equipment not properly installed = Abnormal Operating Condition

Design & Maintenance 

Q: An effective electrical equipment maintenance program is 

essential in ensuring engineering controls properly protect the 

worker.

Yes, No, Trick Question?

Design & Maintenance 

• Details preventive maintenance for 
electrical equipment.

• NFPA 70B helps users develop and 
carry out an effective Electrical 
Maintenance Program (EMP) 

• Prevent equipment failures and incidents. 

• Establish “condition of maintenance” for 
equipment that is required to be 
compliant when assessing risk in 
accordance with NFPA 70E®, Standard 
for Electrical Safety in the Workplace®.



Design & Maintenance 

Equipment 

Inventory

Steps in establishing EMP
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Design & Maintenance 

Condition 1: Properly maintained.

Condition 2: Maintenance results deviate from past results. 

Condition 3: Equipment has missed the last 2 maintenance cycles

Equipment Condition Assessment 

Design & Maintenance 

Plan of 

Service

Steps in establishing EMP

Design & Maintenance 

Q: What is going on here?  Did 

we identify risk?  Was there 

risk involved in identifying?

Yes, No, Trick Question?



Design & Maintenance 

Steps in establishing EMP

Plan of 

Service
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Design & Maintenance 
Some 
testing 

operations 
my need to 

be 
performed 

with 
equipment 
energized.

Design & Maintenance 
Steps in establishing EMP

Plan of 

Service

Condition Assessment Results
Maintenance 

Frequency 

1 Maintained at required intervals. 60 months

2 Previous maintenance cycle revealed 

issues requiring the repair or 

replacement of major equipment 

components.

36 months

3 Equipment has missed the last two 

successive maintenance cycles.

12 months

Frequency of maintenance is based on condition 
of equipment (panelboard example).

Design & Maintenance 

Q: This indicates a normal operating condition.

Yes, No, Trick Question?



Design & Maintenance 

• Normal operating condition

• Equipment is used in accordance 
with instructions included in 
listing and labeling.

• Equipment doors are closed and 
secure.

• Equipment covers are secure 
and in place.

• No evidence of failure.
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Risk Assessment

• Now that we have established Design & Maintenance criteria for 
Normal Operating Condition, we need to define safety criteria 
for maintenance of electrical systems.

• If maintenance requires system to be energized, we move to an 
Abnormal Operating Condition.  Therefore, risk assessment 
and lower-level controls apply.

• Testing

• IR Thermography

Risk Assessment

Hierarchy of Controls

Elimination De-energize

Substitution Reduce energy

Engineering Controls Installations

Awareness Signage

Administrative Controls Procedures & Job Plan

PPE Shock/Arc Flash Protection

Normal 

Operating 

Condition

Abnormal 

Operating 

Condition

Risk Assessment
Essential in Risk Assessment Process



Risk Assessment

Example 

A worker is going to perform Voltage 

Testing on (remember definition of risk).

• What some risk factors (definition of 

risk) associated with this task?

• What would you consider in 

assessing the risk?
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Risk Assessment
Example 

(Potential Responses)

• Consequences: Shock & Arc Flash.  

Remember that consequences are the 

degree of hazard.

• Likelihood: What tasks are involved?

• You would need to consider energy levels 

involved:

• Voltage

• Amperage

• Incident energy (cal/cm2)

Risk Assessment

Risk Assessment Procedure is 

outlined in NFPA 70E (via NFPA 

LiNK®.

Flow chart in standard provides 

guidance in risk assessment 

procedure.

Risk Assessment

Left flowchart goes through steps 

of shock risk assessment.

Flowchart will give shock 

thresholds which necessitate 

further risk reduction.

(50 V)



Risk Assessment

Q: In addressing shock 

thresholds, are we evaluating:

 a. Likelihood

 b. Consequence
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Risk Assessment

Flowchart will give limited & restricted approach 

boundary requirements for shock hazard.

Risk Assessment

Flowchart will detail PPE 

requirements.

Risk Assessment

Q: Assuming 480 VAC (and 
thresholds exceed those in Article 
340.4) do consequences justify 
protective measures?

• Yes  

• No
.



Risk Assessment

Assuming voltage testing requires contact work, and both 

shock boundaries will be crossed.   Does likelihood justify 

protective measures?

• Yes  

• No
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Risk Assessment

Since likelihood requires work inside of the limited & 

restricted approach boundary & consequences exceed 

energy thresholds, are further risk reduction methods 

necessary?

• Yes  

• No

We have determined likelihood & 

consequences variables for shock!  

Risk Assessment/Arc Flash

Left flowchart goes through steps 

of arc flash risk assessment.

Risk Assessment/Arc Flash

Flowchart will reference Table 130.5(C) in NFPA 

70E for likelihood of arc flash based on task.

TASK Equipment 

Condition

Likelihood of 

Occurrence of arc 

flash

Operation of a CB or switch the first time after installation 

or completion of maintenance

Any Yes

Operation of a CB or switch Normal No

Work on energized electrical conductors, including voltage 

testing

Any Yes



Risk Assessment/Arc Flash

Methods for incident energy analysis.
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Risk Assessment/Arc Flash

Flowchart will detail PPE requirements.  

Standard requires arc rated PPE for 

exposure >1.2 cal/cm2

Risk Assessment/Arc Flash

Q: Assuming 7.76 cal/cm2 at 18” working 
distance.  Do consequences justify protective 
measures?

• Yes  

• No
.

Risk Assessment/Arc Flash

Assuming voltage testing task on system.   Does 

likelihood justify protective measures?

• Yes  

• No

http://www.aplussafety.net/products/store.cfm?d=3053&c=4548&p=16176&do=detail


Risk Assessment/Arc Flash

Since likelihood task indicates arc flash potential & 

consequences exceed energy thresholds, are further 

risk reduction methods necessary?

• Yes  

• No

We have determined likelihood & 

consequences variables for arc flash!  
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Risk Assessment

Likelihood of 

Occurrence of Harm

Severity (Consequence) of Harm

<50 V

<1.2 cal/cm2

>50 V

>1.2 cal/cm2

No Low Low

Yes Low High

Risk=High

Therefore, further risk reduction is required 

• An effective electrical safety program, along with an 
electrical maintenance program, will lead to 

• Higher reliability

• Longer life of equipment

• Lower cost than repair

• Lower insurance costs

Business Case for Safety Summary

• Normal operating condition refers to 

equipment or systems functioning as 

intended and installed.

• To ensure proper functioning, 

equipment must be properly 

maintained.

• Equipment maintenance may require 

equipment to be placed in an abnormal 

operating condition, thus increasing 

risk and application of lower-level 

controls.


