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BY RON WIDUP and JAMES R. WHITE, Shermco Industries

In 1976, OSHA asked the National Fire Protection Association 
(NFPA) to develop a safety standard it could consult to develop its 
own electrical safety regulations. Th is was the start of NFPA 70E. 
At that time, Chapter 1 included the safety portions of the National 
Electric Code (NEC) broken out for compliance offi  cers to use in the 
fi eld. Not many people paid much attention to the 70E, even though 
it improved year-over-year, until the 2000 edition, when the arc fl ash 
tables were fi rst included. Th ese were mostly the work of Paul Hamer 
from Chevron, who represented the American Petroleum Institute. 
Th e tables were modifi ed somewhat by the committee.
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TO BEGIN A TASK
It is important to understand that each 

task to be performed has several steps that 
must be completed before it is started. If 

the work involves energized equipment, an 
energized electrical work permit (EEWP) 

must be completed and signed by the highest 
management possible — not just a supervisor 
or team leader; that is not the intent of an 
EEWP. Top-level management must sign. 
Testing is not normally performed with 
equipment that is energized, so this step is not 
usually required.

In most cases, the fi rst step is to complete a risk 
assessment. Th is is referred to by various terms, 
such as job task analysis, job safety assessment, 
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or activity hazard assessment. Whichever term 
is used, it determines:

• Proper lockout/tagout (LOTO) procedures 
for the equipment being tested.

• Possible hazards while performing the task. 
Th is includes other tasks before and after 
the main task if the equipment needs to be 
isolated. LOTO can involve risk in addition 
to the risk of the actual task at hand.

• Shock and arc fl ash risk. Refer to NFPA 
70E 130.4 for the shock risk assessment 
and 130.5 for the arc fl ash risk assessment. 
If there is risk of shock or arc fl ash, the 
hierarchy of risk control methods must 
be employed. Th ere is always a shock 
risk when placing equipment into an 
electrically safe work condition, and there 
usually is an arc fl ash risk. Th e risk from 
these hazards may be great or not so much, 
but the risk must be determined.

Bear in mind that OSHA regulations and 
NFPA 70E represent minimum safe work 
practices, not best safe work practices. 
Requirements must be met or exceeded. PPE 
is not always required by 70E, but requiring 
a worker to use PPE any time a switch is 
operated is a logical example of exceeding 70E 
requirements. If a switch is properly maintained 
and meets the other requirements of 130.2(A)
(4) Normal Operating Condition, it does not, 
by standard, require PPE to operate. But things 
fail unexpectedly. It may not happen often, but 
it does happen. If an employer is not willing to 
accept the risk, PPE is the logical choice. In line 
with this example, if a worker does not wear 
PPE when it is required by a company, OSHA 
will cite the company for the worker’s non-
compliance. Th e company’s written policies are 
enforced if they exceed the OSHA regulations.

RISK ASSESSMENT
Th e risk assessment requires more detail because 
the shock and the arc fl ash risk assessments have 
the same general requirements. In the shock 
risk assessment, the nominal circuit voltage 
must be determined. Th is can be done from the 
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nameplate of the equipment, from single-line 
diagrams or other drawings, or from the label if 
an incident energy analysis has been performed.

� e proper PPE can be selected from any of 
these sources. PPE may be necessary to perform 
LOTO, but will almost always be necessary 
when verifying absence of voltage. All circuits 
and parts are to be considered energized until 
they are tested and proven de-energized. Never 
assume anything when working on or near 
electrical conductors and circuit parts. � at is 
how people are injured or killed.  

� e NFPA 70E tables or the labels from an 
incident energy analysis can be used for the arc 
� ash risk assessment. Table 130.5(C) can be used 
to determine the likelihood of occurrence of an 
arc � ash. However, like any table, it may not � t as 
well as needed and cannot be totally relied upon.

Selection of PPE is referred to in 70E as 
“additional protective measures.” Remember the 
hierarchy of risk control methods (Figure 1)? 
Each level is an additional protective measure, 
and PPE is last on the list. Putting equipment 
in an electrically safe work condition is � rst on 
the pyramid, but the � rst step must be to verify 
the absence of voltage.  

Number one in the hierarchy is elimination: 
Put equipment in an electrically safe work 
condition. Next is substitution: Install 
lower voltage equipment or circuits. � ird 
is engineering controls: Guard conductors 
and circuit parts that may be energized or 
may become energized. Fourth is awareness 
(not shown on this triangle): Use signs or 
provide attendants. Fifth are administrative 
controls: procedures and job planning. Finally 
— and least e� ective: use PPE. Awareness, 
administrative controls, and PPE are considered 
the least e� ective because they rely on the 
worker performing the task to take action. 

Figure 2 illustrates the basic process of 
managing and evaluating risk while on the 
job. � is must be performed for each task. It 
may require more detail than most � eld service 
technicians want, but it is necessary for their 
safety. Once risk assessment has identi� ed the 
shock and arc � ash hazards for a speci� c task, a 
risk analysis must be performed.

RISK ANALYSIS, 
EVALUATION, AND 
CONTROL
To perform a risk analysis, the sources and 
causes of the hazards must be identi� ed. Is there 
a possibility of back-feeds or ghost voltages from 
external sources such as indicators or relaying? 
� e potential consequences if something were 
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Figure 1: Hierarchy of Risk Control Methods
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to occur must also be identifi ed. Using this 
information, determine the likelihood and 
potential seriousness of an incident and estimate 
the level of risk. Th ese could change as the task 
is performed, so it is an ongoing — not static — 
process. One NETA-member company requires 
a re-evaluation after lunch or when work is 
paused, just for this reason. Results are included 
on the risk assessment form and must be signed 
off  on when completed.

Th e next requirement is for risk evaluation and 
then risk control. Can the risk be minimized 
to an appropriately safe level? All risk cannot 
be eliminated, even though that may be the 
goal. Th ere is always a certain amount of 
residual risk. Can other risk control methods 
be applied to further reduce the risk? Once 
all risk control methods have been applied, it 
must be determined whether the task can be 
accomplished or whether another approach 
to the testing needs to be investigated. Th is 
is sometimes referred to as a stop-work 
authorization when it is not safe to proceed 
any further. Stopping work usually involves 
approvals by the customer, management, and 
the health and safety department, perhaps 
at both companies, since something serious 
is going on. Depending on the residual risk, 
approval may also be needed to proceed.  

Note that in Figure 2, the next step after risk 
control is looped back to risk assessment. It 
is on-going, a bit like a Mobius loop; it never 
ends. Th e EEWP form provided in NFPA 
70E Informative Annex J satisfi es most of the 
requirements for a risk assessment. Th e EEWP 
appears in an annex, so it is not mandatory, 
and it can be modifi ed as needed. A completely 
new form can also be designed if the EEWP is 
inadequate.  

Troubleshooting is often not considered when 
performing a risk assessment, and NFPA allows 
troubleshooting without completing an EEWP. 
All steps must be taken, but the EEWP does 
not have to be signed by upper management. 
Because of this, many technicians believe 
troubleshooting is safe. Just the opposite 
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is true. A piece of equipment that requires 
troubleshooting is in distress. Something is not 
working correctly. Consulting Table 130.5(C) 
shows that PPE is required.

Approach distances and the arc fl ash boundary 
must be determined and safety barriers erected. 
Th is can be safety barrier tape (approximately 
waist high) or barricades and may include 
the use of an attendant. If it is likely that an 
unauthorized person will cross the boundaries, 
an attendant is required. If barriers have been 
violated in the past, an attendant is required. As 
crazy as it may seem, we must protect outside 
people from themselves. Approach distances can 
be determined from NFPA 70E Tables 130.4(D)
(a) or (b) or from arc fl ash warning labels. 
Remember that the incident energy on the arc 
fl ash warning label applies to the chest and 
face; hands will be considerably closer. Rubber 
insulating gloves worn with leather protector 
gloves provide good protection to the hands.

One new consideration was added to the risk 
assessment process in the 2018 edition of 
NFPA 70E: human error (110.1(H)(2)). Th e 
old saying “to err is human” is quite true. We all 
make mistakes. When dealing with electricity, 
mistakes can have dire consequences. Damaged 
equipment, unplanned outages, injuries, and 
even death can result. It happens so quickly, 
there is no time to react or take defensive 
measures such as running for the hills. What 
is done, is done, and will have to be dealt with.

Th e risk assessment is a huge component of 
working safely, and it must be performed prior 
to work. A job briefi ng must also be delivered 
to the technicians prior to starting the task. I’ve 
heard of cases where the job leader completes 
the risk assessment (JHA, JSA, or other) while 
everyone else is performing their task. Th is 
is completely backwards and almost ensures 
an incident at some point. Working safely is 
part training, part paperwork, and part habit. 
Technicians must develop good work habits to 
work safely. Poor working habits and shortcuts 
must be eliminated from a company’s workforce.

NFPA 70E AND ELECTRICAL TESTING
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… AND ON TO THE TASK
Once the risk assessment is complete, the job 
task must be planned. When I worked in a 
utility, the foreman would run into the shop 
yelling, “Grab your tools, grab your tools. Th ere’s 
an emergency!” Everyone would go fl ying out 
the door, get to the emergency, and discover they 
didn’t have something they needed. Did anyone 
go back to get that missing tool? Not usually. 
We found a way to make things work with what 
we had. Wrong, wrong, wrong! Th e fact that no 
one was killed or injured is a compliment to the 
crews, but the risk was large.

What is the specific task? What tools and 
equipment may be needed? Is the test equipment 
in calibration and fully functional, with all the 
leads and accessories? Are the leads and accessories 
in good condition? Safety hint: Never wrap a 
meter’s leads around the meter. Th is places undue 
strain on the leads at the 90 degree angle, and they 
can break inside where it cannot be seen. Th is 
would make the leads unsafe, and it might not 
be discovered until it is too late. Remove the leads 
and place them into a storage case. Are rubber 
insulating blankets or hoses needed to protect 
everyone from dropped tools, slipping, or falls? 
What specifi c safety equipment is required? Th is 
could include fall arrest equipment, mechanical 
equipment, live-line tools, ground clusters, and so 
on. If operating or racking (inserting or removing) 
a circuit breaker, are remote operators being used? 
Th ese could be temporary or portable devices or 
built-in, permanent devices. Are certifi cations 
and stickers up to date on all required tools and 
equipment? What does the equipment or circuit 
feed? Removing power from a circuit can cause 
something else to mis-operate, so always know 
what is being fed and what the results will be 
when removing power. Are backup generators 
connected to the equipment or circuit? Th ey are 
often located where they cannot be heard when 
they come on. Depending on the task, there may 
be additional considerations.

ARE YOU QUALIFIED TO DO 
THE TASK?
Not to off end anyone, but just because someone is 
qualifi ed to perform one task, does not necessarily 

mean they are qualifi ed to perform all electrical 
tasks. Diff erent levels of skill, experience, and 
knowledge determine qualifi cation to perform 
a specifi c task. I often hear, “Of course, I’m 
qualifi ed. I’ve got XX number of years in my job.” 
But that could be XX number of years fetching 
coff ee or doing just one task. To be qualifi ed, a 
technician must understand:

• How the equipment is constructed — 
not enough to build one, but enough to 
understand where problems might lie 

• How the equipment operates and whether 
additional knowledge is required to safely 
operate it — some medium-voltage circuit 
breakers I used to operate now give me the 
willies

• Any manufacturer’s recalls or required 
updates 

• Known safety issues that could aff ect 
operation

• Environmental and loading eff ects — poor 
environment and heavy loads reduce the 
life and safety of equipment

• Out-of-date test and calibration stickers

A technician who is qualifi ed to work on low-
voltage circuit breakers may not be qualifi ed 
to work on medium-voltage vacuum circuit 
breakers without additional training. And 
a person qualifi ed on overhead lines is not 
necessarily qualified to work on indoor 
substation equipment. Th ey are two diff erent 
animals and need to be treated as such.

Is the technician familiar with the test 
instrument to be used? Knowing how to use 
a test instrument isn’t enough. Th e technician 
also needs to know the limitations of the test 
instrument, including how to interpret the 
indications, when it is ineff ective, when it is 
most eff ective, and what factors aff ect its use. Are 
there safety considerations in the use of a type 
of test instrument? One voltage tester I never 
liked was phasing sticks. Th e lead between them 
would often get where it shouldn’t, creating an 
additional risk, and keeping the lead wound up 
on one or both of the sticks made them diffi  cult 
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to use. Wireless phasing sticks are now available, 
eliminating that risk.

Have the technicians received the proper 
emergency response training? NFPA 70E 
requires CPR, fi rst aid, and contact release, but 
circumstances and the specifi c task may require 
other types of training.

JOB BRIEFING
Safety-wise, the job briefi ng carries a lot of 
weight: People working on equipment or a 
circuit must be informed of the hazards, risk, 
and all other pertinent information. Poor 
communication is a top cause of electrical 
incidents. A good job briefi ng ensures everyone 
connected with the task understands what is 
needed and who is to do what. For example, 
removing leads from a transformer can be 
catastrophic if they are not re-attached and 
the transformer is re-energized. If one crew is 
testing the transformer and another is testing 
the cables, poor communication between 
the crews could lead to the cables becoming 
energized before they are reconnected. Each 
crew think the other crew reconnected them.

A simple form could prevent this. When the 
leads are removed, the form is completed for 
that portion of the work. If the second crew 
sees that the part of the form showing that 
the leads have been reinstalled has not been 
completed, they know to inspect it before 
energizing. Another safety step could require 
two technicians to visually verify that the leads 
have been reinstalled. Used in combination 
with each other, these two steps should almost 
eliminate fi eld issues.

CONCLUSION
Too many times, we expect our companies to 
take full responsibility for our safety. Companies 
are legally responsible, but the individual is 
the one who suff ers the consequences. It is 
absolutely necessary for each technician to take 
responsibility not only for his/her personal safety, 
but for the people they work with. Th e eff ects 
of an electrical incident are often far-reaching, 
aff ecting co-workers, friends, and family. Being 
safe is a lot of work, but the eff ort required in 
no way compares to the hardship that can result 
when safety is not given priority.
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