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Construction » A new survey finds
they can be a pain, but Tom Zind
argues Gen Z’s quirkiness may find
productive outlets in the work world.
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AND BONDING CONNECTIONS
Quiz » Test your knowledge of
proper grounding and bonding con-
nections with this five-question quiz.
ecmweb.com/21264931

© Designer491

© Svershinsky | Dreamstime.com

62 Video — n'-'-".‘.-:-l-:] aBu.
~
>

Watch on BB Youlshe

EC&M ASKS VIDEO — HOW TO
AVOID A BUS DUCT FAILURE
Video P In this episode of “EC&M
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Anatomy of an Electrical Accident

By Ellen Parson, Editor-in-Chief

icking off this month with Construction Safety Week, it seems only fitting that we
dedicate this issue to the topic of electrical safety. Taking this week as an oppor-
tunity to recommit to safe work practices, it’s a time for electrical professionals
to break old habits and strive to improve safety cultures for themselves and their
teams — with the ultimate goal of sending every worker home safely each and every day.
When selecting content for this issue, I always include the Top 10 OSHA violations
from the previous year (see page 38). Revealed at the National Safety Council Safety
Congress and Expo in September, if you review the historic data, it’s not surprising this
list remains relatively unchanged from year to year. But when you really think about it,
the whole thing does have a Groundhog Day feel to it. How is it possible that the same
category (fall protection) remains the top citation for the 12th year in a row? Sure, the
numbers go up and down slightly from year to year, but there it is again. Obviously,
there may be more to this than meets the eye. For one thing, the sheer number of people
working at height in the skilled trades is obviously high, creating a more likely scenario
that could end in a fall injury or fatality from a ladder, roof, scaffold, aerial work plat-
form, etc. Its also a fairly easy and straightforward violation for an OSHA inspector to
identify and cite. Although fall protection did see a decrease of 11 citations from 2021,
approximately one-fourth of the total violations (5,260) originate from this category!
Lockout/tagout is another repeat offender (No. 6). Holding the same spot as last year,
this category saw an increase in violations from 1,670 in 2021 to 1,977 in 2022. Longtime
Electrical Consultant Mark Lamendola recently wrote an excellent piece (https://bit.
ly/3AZppBO) on lockout/tagout (LOTO) principles that demonstrates why this task is
not as simple as it may seem. In the article, he explains how, in its “simplest (and per-
haps least effective) form,” LOTO consists of the following three steps: 1) Identify the
breaker (or fuse) that supplies power to your equipment; 2) Open the breaker; 3) Hang
your lock, and tag on that breaker. However, a particular task could easily involve four
or five times as many steps, according to Lamendola. Read through the entire article, in
which he explains why there is no “one-sequence-fits-all methodology” when it comes
to this type of work and walks readers through NFPA 70E’s eight principles of LOTO.
MarKks article reminded me of a piece of advice from Randy Barnett, electrical codes
program manager for NTT Training and subject matter expert for EC&M’s Tech Talk
videos as well as ECM Asks Q&As. In the cover story, starting on page 24, Barnett
describes why he believes so many of the same types of electrical accidents continue to
happen. Despite advancements in safety standards and compliance, fatalities/injuries
continue to occur — as evidenced by the familiar Top 10 OSHA list — it’s often the human
factor (or human behavior) involved with electrical work that leads to disaster. Informa-
tive Annex Q from NFPA 70E, which designates human performance as a prerequisite
for performing electrical work, outlines risk control methods electrical professionals
can put into practice to identify and help reduce behavioral hazards to improve safety.
Flip or scroll through this entire issue for a fantastic lineup of safety-related content,
including topics on reducing electric shock (page 8), what makes a qualified electrical
worker (page 12), arc flash prevention vs. protection (page 30), arc flash risk manage-
ment considerations (page 46), and safety product showcase (page 52). Considering the
fact that the total number of OSHA citations did increase by more than 1,100 from 2021
to 2022, education will continue to be key in the crusade to improve safety and ensure
better outcomes. There’s always more we can do.

WW&/
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With the residential construction industry experiencing a slowdown, many homebuilders and installers
are turning to ICC for their cabling needs. Our Residential Wiring Enclosures outperform leading brands
while costing 40% less.” By choosing ICC, homebuilders can stay within their budgets and installers can
increase their profit margins - a win-win situation for all! If you're tired of struggling to make a profit with
the big brands, it’s time to give ICC a try. Visit icc.com/success to learn more.
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We only sell through distribution partners; we have hundreds of distributors nationwide who would love
to have your business. Find them on icc.com/distributor or contact us at cs@icc.com.
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Shedding Shock Risk

Electric shock can have debilitating consequences other
than electrocution. How can you reduce the risk?

By Mark Lamendola, Electrical Consultant

n electrocution is an event

in which a person dies from

receiving an electric shock or

series of shocks. In 2020, 126
workers were electrocuted. Many people
who receive a shock seem unharmed.
That outcome is more common where
the shock occurs with a 120V branch
circuit than it is with, say, a 480V feeder.
But the hazard of electric shock should
not be disregarded if it’s just a residential
lighting circuit or an office receptacle
circuit — people can also die from 120V
shocks alone.

Electrocution is not the only conse-
quence of electric shock. Many survivors
find they are unable to work or their
lives are irrevocably damaged in some
other way. Some of the consequences
include nerve damage, bone fractures,
iritis, hypertension, brain damage, and
secondary reactions that result in non-
electrical injuries.

SAFEGUARDING OTHERS

You must assess the risk to two parties:
the electrician(s) involved in the actual
work and everybody else. Let’s start
with everybody else. Improper wiring
is one reason people receive a shock.
Some examples:

« Using the equipment grounding
conductor (EGC) as a circuit return
path. This was done at a plant close to
the Illinois/Tennessee border. Rather
than run a neutral conductor for their
lighting, they used the metallic race-
way as the neutral. People got shocked
all the time because the unbalanced
current was flowing in the equipment
grounding (bonding) conductor in-
stead of the power wiring.

o Another bad move is to wire
around (instead of through) a GFCI.
This can be done by mixing the load/
line conductors or by pigtailing the

8 EC&M May 2023 « www.ecmweb.com
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neutral. Don’t wire a GFCI the way you
might wire a normal receptacle; wire it
the way a GFCI is wired.

¢ Bonding neutral and ground
on the load side. This sends un-
desired current to flow through
metallic objects.

o Failing to bond metallic ob-
jects. The NEC is full of specifics,
and you can rewrite them all into
one sentence. If a metallic object
doesn’t carry current, connect it to
other metallic, non-current-carry-
ing objects to eliminate dangerous
differences of potential.

Unguarded wiring is another
hazard. Where something is readily
accessible, follow the relevant NEC
requirements for safeguarding others

against shock or make it no longer
readily accessible.

An unsafe electrical condition is a
third reason people receive a shock. Some
electricians have a misplaced hero mental-
ity, in which they save the company time
by needlessly “working hot” This doesn’t
endanger just the electrician behaving so
foolishly; it also puts others at risk. Some-
times adjacent equipment is inadvertently
energized, shocking another person.

People have been badly shocked
when trying to help a slumped-over
coworker whose body, unbeknownst to
them, is conducting electricity. Practice
lockout/tagout [NFPA 70E, Art. 120]
or go through the process of obtaining
an Energized Electrical Work Permit
[NFPA 70E, Art. 130].


http://www.ecmweb.com

TOOLS you can TRUST

Partner with the TOOL fox to take advantage of these benefits:

* Robust, durable, and ergonomic industrial wire-processing hand tools
* Cut, strip, and crimp with consistent high-caliber results

* UL Listed when used with Phoenix Contact’s quality ferrules

* Backed by a dedicated sales team and technical service

* Covered by a limited lifetime warranty

For more information and videos, please visit
www.phoenixcontact.com/us-TOOLfox.

@O0H@Oo@oedth oMot @

© PHOENIX CONTACT 2023


http://www.phoenixcontact.com/us-TOOLfox

What actions or inactions can you
think of that may endanger other people
while you are working? Make a point of
assessing the intended work to produce
a list of these relevant to that particu-
lar job. Make sure to communicate to
people in the area what you are doing
and what the dangers are. Putting up a
red tape barrier for the duration of the
work is also not a bad idea.

PROTECTING YOURSELF

Much of the thought about protecting
oneself from shock focuses on what
steps to take when doing the work
whether hot [Art. 130] or not [Art. 120].
But the protection starts before the work
does. Consider:

» Personal protective equipment
(PPE). Insulating blankets have pro-
tected thousands of electrical workers
from shock. But how do you know if
your insulating blanket still insulates?
The standard advice is to inspect it be-
fore you use it. The problem there is
you arrive at the job without a spare, so
then what do you do? Inspect it before
putting it away, and you avoid this prob-
lem. Look for any kind of chemical or
mechanical damage, such as abrasions
or tears. Also, look for embedded wire
scraps or similar. Other forms of PPE,
such as insulating gloves, should also
be inspected before being put away.
Improperly stored PPE has a far greater
chance of failing, so pay attention there.

o Insulated tools. The insulation
can be damaged by any number of
things. You might see mechanical dam-
age in the form of a chunk missing. You
might not see damage from electrical
“punctures” that degrade the insulation.
If you left your insulated screwdriver on
a truck dash all day, is that insulation
still good? If someone used your insu-
lated pliers to hold a part they sprayed
with solvent, those pliers might not be
insulated anymore. If an insulated tool
has been dropped from elevation, does
the insulation still have its integrity? If
your insulated tool is of the two-color
design, there will be a visual indication
the tool is no longer usable as insulated.
Purchasing this design means you don’t
have to guess.

 Uninsulated tools. The common
wisdom is to use only insulated tools
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on energized circuits. That means
uninsulated tools can be used only
on unenergized circuits. But what
happens when the worn tip on your
uninsulated screwdriver slips and
the shaft subsequently makes contact
with an energized terminal? Your first
line of defense is to inspect your tools
periodically and replace any that are
not in “like new” condition. Your
second line of defense is to assess the
work area and consider the proximity
of nearby energized circuits. When
working inside a typical panel, space
is tight and the likelihood of unin-
tentional contact is high. Are you
prepared for that?

o Non-locking ratchets and sock-
ets. Whether due to cheap design or
excessive wear, a ratchet/socket combo
may be an accident waiting to hap-
pen. Dropping a socket across 2-phase
terminals may result in your vaporiza-
tion, but what if you drop it onto only
one energized surface? How do you
safely retrieve it? You can see the safety
predicament here. Avoid this by using
high-quality, industrial-grade ratchets,
extensions, and sockets.

« Fasteners. Sometimes other peo-
ple leave a hazard for the next person
to deal with. You see evidence of this in
screw heads that have a damaged slot
(typically from using a worn screw-
driver) or in a hex nut that is rounded
(often from using pliers or using an ad-
justable wrench backward). When you
see a fastener like this — and there is
any energized equipment within arm’s
reach — treat the situation as a shock
hazard. Maybe you can use a properly
inspected electrical blanket between
your damaged fastener and the en-
ergized terminals. Assess what other
measures you can take. Then remove
the fastener slowly and deliberately, so
you don’t end up having to use an ex-
tractor tool or other extreme measure
to remove it. Replace the fastener with
a new one, and use the proper tool with
the recommended torque to apply the
new fastener.

The fastener problem often is not iso-
lated. What if the whole cabinet is full of
screws with damaged heads? It is not safe
in this condition. Write a work request
to have it powered down and repaired.

— SAFETY CORNER oo

Note also, this poor workmanship is a
sign that other problems likely exist.

ELECTRICAL WORK
ENVIRONMENT

The fastener problem is part of the elec-
trical work environment. Here are some
other parts:

o Tripping and slipping hazards.
Keep the area free of debris, and prop-
erly secure any portable cords. The last
thing you want to do is “catch yourself”
by grabbing something that’s energized.
Nor do you need others doing that
around you.

« Poor lighting. The average age of
an electrician has been past the “reading
glasses age” for many years now. Older
eyes need more light. Ensure the area
is well-lit with no shadows, especially
inside tight spaces like wiring cabinets.
Use portable LED work lamps and/or
an LED head strap lamp where perma-
nent lighting cannot be made adequate.

o Miniature labeling. Presbyopia
is a natural consequence of aging. The
lens loses flexibility, and at around age
40, there’s a noticeable loss in the abil-
ity to focus on small things like print.
For most electricians, this issue is not
just annoying. Its dangerous. Reading
glasses can help only so much. If labels
are consistently small, explain to man-
agement this is a violation of the 1990
Americans with Disabilities Act (ADA).
Printing labels and instructions in Arial
11 or similar is an easy accommodation
to make.

WHY NOT IN NFPA 70E?

You may be wondering why none of
the preceding information is in NFPA
70E. If you read the standard from a
“forest” perspective instead of a “trees”
perspective, you see the information is
baked in there. For example, practicing
the concepts of awareness and self-dis-
cipline [Sec. 110.5] would lead you to
see much of what this article discussed.
In this age of distraction, awareness is
an unusual skill to have. But it is key
to being safe around electricity — even
before you get there. EC&M

Mark Lamendola is an electrical consul-
tant based in Merriam, Kan. He can be
reached at mark@mindconnection.com.
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What Makes a Qualified
Electrical Worker

Who is qualified and who isn’t when it comes to electrical
safety — and what training is required?

By Thomas Sandri, Protec Equipment Resources

lectricity is a powerful force
that can cause serious injury
and death. When it comes to
e clectrical job tasks, it only takes
an instant to turn a momentary mistake
into a life-altering event or even fatality.
Therefore, qualified electrical workers
must understand the hazards presented
by exposed energized parts and know
how to protect themselves using safe
electrical work practices.

NFPA 70E, Standard for Electri-
cal Safety in the Workplace, and OSHA
29 CFR 1910.332 define and state the
requirements for determining whether
an individual is a “qualified person” who
has the training necessary to work on
exposed energized electrical circuits or
parts. So, how do you know whether your
workers are qualified? Which workers are
unqualified? Who requires training? This
article reviews electrical safety training
practices, worker assessments, and the
requirements for training.

EMPLOYER RESPONSIBILITY
Employers must evaluate the work-
place for known hazards or hazards
that are inherent in the work per-
formed. This discussion will focus on
electrical hazards. This has long been
an OSHA requirement.

Most companies are familiar with
possible shock hazards and are also aware
that OSHA requires their qualified work-
ers to be properly trained to work on or
near exposed energized electrical circuits
or parts. Many companies, however, are
unaware that it is also an OSHA require-
ment to train unqualified electrical
personnel on how to recognize and avoid
electrical hazards. Unqualified electrical
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Qualified electrical workers must understand the hazards presented by exposed ener-
gized parts and know how to protect themselves using safe electrical work practices.

workers — which may include mainte-
nance personnel, painters, cleanup crews,
laborers, mechanics, etc., who are not
expected to work on exposed energized
circuits or parts — must still receive suf-
ficient training to ensure their safety and
the safety of others in the workplace.

Qualified electrical workers must
understand the hazards presented by
exposed energized parts and know how
to protect themselves using safe electri-
cal work practices.

The same requirements also apply to
the use of outside contractors to work on
energized electrical systems. Although
contractors may state that their person-
nel are qualified to work on electrical
systems, they may not be qualified from

OSHA’s standpoint. Simply being an
electrician is not enough. The person
must receive the proper training in
electrical theory, electrical safety, and
training in the construction and opera-
tion of electrical equipment/installations
along with the hazards involved.

When companies ignore these
requirements, they do so at their own
peril. Failure to comply with OSHA
requirements puts workers at risk and
can result in fines and exposure to
multimillion-dollar lawsuits. Worse yet,
they risk the health and safety of their
employees by putting them in situations
that are beyond their skill level or by
exposing them to hazards they are not
prepared to handle.
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Qualified persons have training in avoiding the electrical hazards of
working on or near exposed energized parts.

WHO IS QUALIFIED? WHO IS UNQUALIFIED?
OSHA defines a qualified person as “one who, by possession of a
recognized degree, certificate, or professional standing, or who
by extensive knowledge, training, and experience, has success-
fully demonstrated his/her ability to solve or resolve problems
relating to the subject matter, the work, or the project”

A qualified worker is not simply someone who is trained
and knowledgeable about the tasks he/she will be performing.
A qualified worker must also be able to identify and protect
oneself from all the hazards associated with the task and be
able to demonstrate proficiency.

When the hazard relates to electricity, NFPA 70E expands
this definition to “one who has demonstrated skills and knowl-
edge 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.”

The key points of this definition are how knowledgeable
workers are about the equipment and whether they have
received safety training. In addition to helping to prevent acci-
dents, both items are critical to designate a person as qualified
and to avoid difficulties if OSHA performs an inspection.

Qualified persons have training in avoiding the electri-
cal hazards of working on or near exposed energized parts,
whereas unqualified persons have little or no training. Training
requirements for qualified persons and unqualified persons are
contained in OSHA Section 1910.332 Training.

NFPA 70E defines an unqualified person as simply “a
person who is not a qualified person.”

There are two kinds of unqualified persons:

o An electrician who does not know the equipment or has
not received safety training on the potential hazards involved.

o A non-electrician, such as a general maintenance
worker or mechanic, who is not expected to work on live
electrical equipment.
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These definitions may be straightforward, but they provide
only minimal guidance. Companies can get into trouble if they
interpret the definitions to mean that they only need to train
electricians who work on live circuits. Reviewing NFPA 70E,
Art. 110 [General Requirements for Electrical Safety-Related
Work Practices] helps clarify who needs to be trained and to
what level. This Section covers the general requirements for
electrical safety in a plant, and it applies to all workers (quali-
fied as well as unqualified).

Qualified persons have training in avoiding the electrical
hazards of working on or near exposed energized parts.

Article 110 outlines electrical safety-related work prac-
tices and procedures for people working on or near exposed,
energized electrical equipment. The Article states that it is the
employer’s responsibility to issue safety-related work practices
and train employees to implement them.

Work practices set the policy and direct employee activity
in broad terms. They can be incorporated into an employer’s
overall occupational health and safety management system.
Work practices should address planning all tasks and protect-
ing employees from hazards. They should also incorporate the
electrical safety program, which explains how to put practices
to use. For example, work procedures might detail how an
employee can maintain electrical equipment or use a specific
test instrument.

Principles of work practices should include the following:

o Establishing an electrically safe work condition

o Identifying the hazards and minimizing the risks

o Protecting employees

o Planning all the tasks

« Anticipating unexpected events

« Ensuring employee qualifications and abilities

o Inspecting and maintaining electrical equipment

o Using the correct tools

Section 110.6 outlines training requirements for qualified
persons [Sec. 110.6(A)(1)] and unqualified persons [Sec.
110.6(A)(2)]. Let’s first look at the requirements for quali-
fied persons.

TRAINING FOR QUALIFIED PERSONS

By default, a qualified person (defined earlier) must be compe-
tent. The general definition of “competent” is having sufficient
skills, knowledge, or experience for a specific purpose. A
worker could be competent to install a light fixture but not
qualified under NFPA 70E to troubleshoot that fixture while
it is energized.

NEPA 70E Art. 350 is the only place where the term com-
petent is used. That definition, which uses a qualified person
as its basis, includes responsibilities for all work activities or
safety procedures related to custom or special equipment and
is only applicable to Art. 350.

To be considered qualified for a particular task or work
assignment, an employee must have internalized the requisite
knowledge regarding the electrical system involved as well
as the required procedures. The employee must also have
received the safety training identified in Sec. 110.6. Exhibit
110.4 in NFPA 70E aids the employer and employees in
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understanding some of the traits necessary to be considered
a minimally qualified person under NFPA 70E depending on
the requirements of the specific tasks (for example responding
to medical emergencies). For a flowchart of all of the steps,
read the online version of this article at https://ecmweb.
com/21264810.

A person might be qualified to perform a specific task on
specific equipment while being unqualified to perform another
task on the same piece of equipment. Qualification also does
not necessarily carry over to a similar piece of equipment nor
to an identical task on a different piece of equipment. Work
practices, procedures, and hazards can vary by the task and
the equipment. Qualification is not necessarily based on title,
licensure, and so forth. For example, a licensed electrician
might not be qualified to work on medium-voltage switchgear.
To be qualified, the person must have knowledge and demon-
strated skills concerning specific hazards, work practices, and
procedural requirements.

Now let’s look at NFPA 70E training requirements for
unqualified persons.

TRAINING FOR UNQUALIFIED PERSONS
Employees not considered qualified persons must have the
knowledge and skills necessary for their safety when interacting
with electrical equipment, including during normal operation
of the equipment. Following are some of the situations unquali-
fied persons might encounter and must be aware of:

 General potential hazards. Understand and recognize
potential hazards, including the relationship between exposure
to potential electrical hazards and possible bodily injury.

o Attachment plugs. Understand how to properly remove
an attachment plug from a receptacle.

o Receptacle plug/caps. Do not remove attachment
plugs (caps) from receptacles when the combination is not
load-break-rated.

o Damaged equipment. Do not use damaged electrical
equipment (fixed or portable), receptacles, or damaged cables,
cords, or connectors.

o Impending failure of equipment. Be aware of the signs
of impending failure of electrical equipment, and do not
remain around electrical equipment when there is evidence
of impending failure.

o Tripped circuit breakers. Do not reset a circuit breaker
after an automatic trip. Always notify a qualified person to
determine the cause.

« Flammable materials. Do not use flammable materials
near electrical equipment that can create a spark.

o Overhead power lines. Be aware of the proper approach
distance from overhead power lines.

o Alerting techniques. Be aware of alerting techniques
such as safety signs and tags, barricades, and warning
attendants. Remain outside the shock protection or arc
flash protection boundaries when energized work is being
performed.

« Limited approach shock boundary. Do not cross the
limited approach shock boundary unless advised and continu-
ously escorted by a qualified person.

o Restricted approach boundary. Never cross the
restricted approach boundary.

All employees should be provided with some basic, com-
mon-sense rules for avoiding electrical accidents and injuries.
These rules might include the following:

« Do not overload circuits, such as by running multiple
appliances from a single outlet.

« Never plug in equipment with a damaged electrical cord
or use an extension cord that has damaged insulation.

« Never use electrical equipment, such as a power tool or
appliance, if it is sparking, smoking, or otherwise seems to be
malfunctioning.

o Keep metal objects (large and small) away from electrical
equipment.

OSHA TRAINING REQUIREMENTS
What does OSHA say about training? OSHA Standard 29
CFR 1910.332 clarifies the training requirements for all
workers, stating that they apply to workers who face a risk
of electric shock that is not reduced to a safe level. OSHA
requires the following workers to be trained in electrical
safety because they face a higher-than-normal risk of elec-
trical accidents:

o Blue-collar supervisors

o Electrical and electronic engineers
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o Electrical and electronic

equipment assemblers

o Electrical and electronic

technicians

o Electricians

o Industrial machine operators

o Material handling equipment

operators

o Mechanics and repairers

o Painters

« Riggers and roustabouts

« Stationary engineers

o Welders

Standard 29 CFR 1910 also calls for
the following minimal training for quali-
fied workers:

o Skills and techniques necessary
to distinguish exposed live parts from
other parts of electric equipment

o Skills and techniques necessary
to determine the nominal voltage of
exposed live parts

o Clearance distances and corre-
sponding voltages to which they will
be exposed

Training can be in the classroom or on
the job, with the degree of training being
determined by the risk to the employee.

The OSHA standard requires that
unqualified persons be trained in and
familiar with electrically related safety
practices that are necessary for their
safety. Finally, OSHA adds the following
blanket statement: “Any other employees
who may reasonably be expected to face
comparable risk of injury due to electric
shock or other electrical hazards must
also be trained”

This makes it clear that virtually all
employees who work anywhere near
electrical equipment must be trained.

GETTING STARTED
WITH TRAINING
In the past, OSHA has assessed employ-
ers more than $34 million in fines (34%
were due to electrical hazards). With the
stakes so high, it is essential that compa-
nies assess their electrical infrastructure
and work practices. Quality training
and a quality training program are a
vital part of an assessment, and unless
the instructor has the special expertise
required, the company risks falling short
of OSHA requirements.

Because of the complexities
involved, many companies reach out
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to a consultant or training firm that
can advise or provide employee safety
training and continuing audits. At a
minimum, training consultation or
training firms should meet the follow-
ing requirements:

o Use instructors trained in OSHA
and NFPA, ensuring that course content
is up-to-date, practical, and focused on
the things OSHA cares about most.

o Use instructors who can draw
upon real-world experiences to show
trainees how to identify and assess elec-
trical hazards.

» Offer a broad selection of courses
(on-site and online) that go beyond
theory to what experience proves are
best practices.

« Offer courses on-site or at a nearby
location or instructor-led virtual class-
rooms to minimize employee travel and
time away from work.

o Provide employees with certifica-
tion of training completion.

Training topics should include:

o Fundamentals of electricity.

o Standards that govern electrical
work and their requirements, including
NFPA 70E and others.

NEIA.

Electrical Testing Education articles
are provided by the InterNational
Electrical Testing Association
(NETA), www.NETAworld.org. NETA
was formed in 1972 to establish
uniform testing procedures

for electrical equipment and
systems. Today the association
accredits electrical testing
companies; certifies electrical
testing technicians; publishes

the ANSI/NETA Standards for
Acceptance Testing, Maintenance
Testing, Commissioning, and the
Certification of Electrical Test
Technicians; and provides training
through its annual PowerTest
Conference and library of
educational resources.

o Electrical safety work practices,
including lockout/tagout procedures per
29 CFR 1910.

o The difference between qualified
and unqualified workers and work limi-
tations for unqualified workers.

« Comprehensive examples of accept-
able and unacceptable work practices,
including those in wet or damp locations.

o Use of key interlocking systems.

o Identifying type and level of haz-
ards, including electrical shock and arc
flash hazards.

« Identifying energized components
and conductors.

o Determining nominal circuit and
equipment voltages.

o The use of voltage sensors and
meters.

o Interpreting hazard warning labels.

o Safe approach distances to exposed
electrical conductors.

o Rules for justified energized
electrical work and use of energized
electrical work permits and job briefings.

o The consequences of poor electri-
cal safety practices to people, equipment,
and the environment.

o PPE requirements, including selec-
tion, proper use, and maintenance.

o Required and recommended
maintenance and safety inspections.

o Grounds and grounding.

o Pertinence of OSHA or other local
rules and penalties for non-compliance.

All training should include appro-
priate job aids and should be integrated
with the employer’s standard operating
procedures and enforcement policies.

CONCLUSION

Qualified electrical workers must
understand the hazards presented by
exposed energized parts and know
how to protect themselves using safe
electrical work practices. However, the
responsibility for providing the appro-
priate training to ensure the safety of
qualified as well as unqualified workers
falls on the employer. EC&M

Thomas Sandri is the director of technical
services at Protec Equipment Resources,
where his responsibilities include the
design and development of learning
courses. He can be reached at tsandri@
protecequip.com.
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Using Data to Increase
Job-Site Efficiency

How to minimize obstacles and chaos on the job site

By Dr. Perry Daneshgari, Dr. Heather Moore, MCA, Inc.

= veryone likes order, predictabil-

ity, and a stable environment.

However, electrical profession-
e als all know that is further from
reality in any job site today than you
can imagine. You like to have order, but
you're not always willing to pay the price
for it. MCA Inc’s Dr. Perry Daneshgari
mentions in his lectures to the indus-
try, “Chaos is the norm, and order is
the exception” Obstacles are plentiful
on construction job sites. The chaos on
the job sites is created due to a multitude
of degrees of freedom that have to line
up for the building to be built.

In addition to the job-site chaos,
electricians face obstacles daily in their
work environment. The obstacles not
only slow down the job progress but
also exacerbate the existing chaos due
to multi-trade coordination by the
general contractor (GC). The truth
is that electrical professionals don’t
have to live with both of them at the
same time. If you can manage one,
you can help the other one. To manage
the obstacle impacts on the project’s
progress, like anything else, they have
to be made visible. In other words,
you have to record, report, and take
action about the job-site obstacles. To
do that, you need to have a reference
point that will allow you to know when
something has become an obstacle to
the job progress.

Since you have to live with chaos as
part of the job site, do you have to live
with obstacles as well? The answer is yes
and no. When you try to bring together
manpower, material, tools, information,
and the money required to do all that,
there will always be some losses; but how
much loss you want to accept is a choice.
The way to reduce obstacles comes neither
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through drastic change nor brute force.
Rather, it is part of a continuous improve-
ment by studying and responding to the
signals sent from job sites using data.

Next time you walk the job site,
see if you can find any examples of
the following:

. Absenteeism

. Trade interference

. Area not ready/available for work

. GC/customer-caused shifts in
work sequence

5. Material issues

SRSV SR

These are a sample of the top five
obstacles measured and reported annually
by MCA, Inc’s R&D department from its
Short Interval Scheduling® (SIS) process
and data across thousands of jobs and
millions of hours over the past 20 years
and found in “The Secret to Short Interval
Scheduling;” which appeared in ECeé~M’s

Q

X

May 2009 issue and be read at https://
ecmweb.com/20889745. However, with-
out this codification and process in place
to measure, analyze, and improve on the
obstacles, chaos tends to ensue. Thinking
of the same five obstacles above, consider
what process you have in place to know:

1. Where are they happening?

2. Why are they happening?

3. How big of an impact do
they have?

4. What has been done to
resolve them?

If your answer is, “We don’t really
have a process,” you're not alone. Here is
how the obstacles are typically reported,
according to Dr. Heather Moore’s
“Exploring Information Generation and
Propagation from the Point of Installa-
tion on Construction Jobsites: An SNA/
ABM Hybrid Approach”
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. Not at all (50%-+ of the time)

. Verbally to a supervisor or
project manager

. Verbally in some type of meeting,
with no notes or capture

. Ifatall formal, typically via
email, text, or a photo taken
with a smartphone

Bringing order to the chaos can
happen by taking small, simple steps to
gather data about obstacles in a way that
they can be resolved. These (and more)
are part of the SIS process that provides
job-site intelligence. If you don’t have a
process, start with one step at a time. In
just a matter of weeks, you’ll have more
information than emails, texts, and
phone calls can provide.

Step 1: Schedule what needs to be
done for the day.

Step 2: Score the results
(vs. schedule) daily.

Step 3: Categorize the obstacles.

orbit.

Orbit Industries, Inc.

www.orhitelectric.com

Step 4: Review the results at various
levels of the feedback loop.

Each step builds a habit that, on its
own and despite the data it generates,
will also bring order to the daily work

means” (other than when the clock hits
2:30 p.m.). The easiest habit to return
to is chaos, just like your laundry piling
up, grass growing, or kid’s closet after a
good spring cleaning. It takes energy to
bring order, and the steps above are small

Bringing order to the chaos can happen
by taking small, simple steps to gather
data about obstacles in a way that they

can be resolved.

environment and the challenges of trying
to just “get the job done” in the midst
of all the obstacles and chaos. Schedul-
ing what needs to be done can be the
biggest eye opener for your crew leads,
sometimes recognizing that they may
not know exactly what is needed, if they
have what they need to accomplish that
schedule, or how to quantify “what done

ones in the right direction to reduce the
obstacles. EC&M

Dr. Perry Daneshgari is president and
CEO of MCA, Inc., Grand Blanc, Mich.
He can be reached at perry@mca.net. Dr.
Heather Moore is vice president of customer
care and support. She can be reached at
hmoore@mca.net.
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EV Installations on the
Homefront — Part 1 of 4

Key capacity questions and answers for EV

charging applications

By Dan Carnovale, Eaton

lectric vehicle (EV) adoption continues to grow rap-
idly — with the Edison Electric Institute projecting
that nearly 22 million electric vehicles will be on U.S.
e r02ds by 2030. Electrical professionals are preparing
for the increase in vehicle electrification and the infrastructure
needed to support it. Yet not all EV charging applications are
created equal. The evolving landscape of EV adoption makes
it imperative for electrical professionals tasked with installing
EV charging equipment in residential applications to consider
important factors such as capacity, safety, configuration and
grid interactive infrastructure.

We'll explore some of these factors in the coming months
with an article series focused on EV charging installation con-
siderations, beginning with the issue of energy capacity.

THE CAPACITY CONUNDRUM
One of the most critical elements of EV charging now and in
the future is capacity — namely, the available energy capacity to
meet vehicle charging requirements. EV purchasers will install
a charger in their homes, plug in their vehicles, and expect
energy to be available to maintain the level of charge needed
for their daily travels. Available capacity will play a major role
in meeting this expectation, and electrical professionals will
have an opportunity to help vehicle owners understand why.

“Capacity is one of the least understood aspects of EV
charging, and I believe it is one of the biggest opportunities for
education moving forward,” said Adam Schmitt, commercial
service electrician at Ferry Electric Company in Pittsburgh.
“Most of our customers wouldn't think to ask questions about
capacity, but as an electrician, it's one of the first things I think
about when installing equipment.”

Before proceeding with residential installations, contrac-
tors should ask the following questions.

WHAT ARE THE VEHICLE’S

CHARGING REQUIREMENTS?

The primary type of charger installed in single-family homes is
a Level 2 AC charger, which provides 240V of power, ranging
from 3.3kW to 19.2kW. With any Level 2 charger (however,
charging speed will be limited by and dependent on the vehi-
cle’s onboard charger). Other variables that impact charging
speed can include extreme weather (batteries won't charge
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charging installations moving forward.

quickly when they are too hot or too cold) as well as the cur-
rent charge level of the battery (batteries will typically charge
faster when they are at a low state of charge).

The maximum rate of a charging session is determined by
the lower of the capacity of the vehicle or the charging station.
This is important to understand, as many vehicle owners may
purchase a charger that can deliver 60A or even 100A, but only
have the onboard vehicle capacity to charge at 32A. In this
instance, electrical professionals should make it clear to home-
owners what available capacity will deliver. For example, with

Energy capacity is one of the most significant consideration for EV
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This may not seem like a concern today as only 5.8% of U.S.
vehicle sales in 2022 were electric. But that number is expected
to rise quickly — S&P Global Mobility expects it to jump to
40% by 2030, and more optimistic projections see that number
surpassing 50%. Those additional vehicles may quickly put a
strain on grid capacity. Fortunately, electrical professionals can
start preparing for the increase in demand now.

WHAT CAN BE DONE TO OFFSET

CAPACITY CHALLENGES?

By understanding the multitude of capacity challenges that
may exist, electrical professionals can take steps to help enable
a smooth transition to EV infrastructure.

One step is to add battery energy storage along with
solar energy to help supplement available grid capacity.
Homeowners may be able to access available government
and electric utility incentives to help offset the added cost
of solar and storage adoption. Deploying battery storage can
help provide an additional source of power when grid capac-
ity is low, particularly for charging at times when usage is
highest in the neighborhood.

Another step electrical professionals can take is to advise
homeowners to proactively call their electric utilities and ask
informed questions about the capacity that exists today and
how that may change as more homes in their neighborhoods
adopt EVs. More communication between homeowners and
electric utilities is always beneficial and can only help electric
utilities manage potential concerns while strengthening their
customer relationships as EV's continue to transform the grid.

Finally, electrical professionals can lead the way in help-
ing homeowners better manage home energy usage. Effective
home energy management will be essential as more homes

Electrical professionals will pave the way for homeowners to make
intelligent decisions about home energy management as it relates
to EV charging.

a 32A charger, the vehicle may require 12 hours of charge time
vs. six hours with a 60A charger for the same 80kWh charge.

DOES AVAILABLE ENERGY CAPACITY

EXIST AT THE GRID LEVEL TO MEET

THESE REQUIREMENTS?

This is a major factor when considering the installation of
charging infrastructure because regardless of onboard charg-
ing capacity or the capabilities of the infrastructure itself, the
ability to charge will only be as good as the availability of the
energy supplying it.

Let’s say an average American neighborhood has approxi-
mately nine 50kVA transformers and six 25kVA transformers
supplying a total of 600kVA (9 x 50kVA + 6 x 25kVA) to 100
single-family homes or 6kVA per home. If the typical load for
a home on average is 3kVA to 5kVA, then the transformers can
easily support the capacity required for those loads. Add EV
charging into the mix, however, and those loads will soon grow
considerably, especially when multiple vehicles are charging
simultaneously on a single transformer. In many neighborhoods,
as many as six to eight homes share a single 50kVA transformer
with 208A capacity. Add in 30A to 50A per electric vehicle char-
ger in a home, and those homes can easily reach that capacity
regardless of the electrical size of the load centers in the home.
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become electrified. With available tools like smart home
apps, smart circuit breakers, and connected wiring devices,
homeowners can incorporate vehicle charging equipment
into their overall smart energy ecosystem to enable a better
charging experience.

CONCLUDING THOUGHTS

The common thread in addressing capacity challenges with
EV charging is education. As with any major purchase, an
EV is a significant investment, and it's important to equip
homeowners with the right information while taking steps to
deliver a charging experience that helps them maximize the
value of that investment.

The EV revolution is here. Electrical professionals should
prepare now in advance to the inevitable wave of residential
charging infrastructure installations that will be required to
meet demand. Understanding where potential capacity issues
exist and working with homeowners to address these challenges
will go a long way toward streamlining adoption. EC&M

Dan Carnovale is the director of the Eaton Experience Centers in
Pittsburgh and Houston. He is a registered professional engineer
in the states of Pennsylvania, California, and Alaska, a certified
energy manager (CEM) and a senior member of IEEE. He can
be reached at danieljcarnovale@eaton.com.
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By Randy Barnett, NTT Training

An Electrice
waiting to Happ

Despite advancements in safety standards
and compliance, fatalities/injuries continue to

occur. Recognize the human factor involved
with electrical work, and take preemptive
action before disaster strikes.

lectrical safety require-

ments, personal protective

equipment (PPE), and safety

by design have grown astro-

nomically over the past 25

years. OSHA’s rules for elec-
trical safety date back almost 50 years.
NFPA 70E, Standard for Electrical Safety
in the Workplace, was first published in
1979 and continues to address improve-
ments in technology and safe work
practices. The current edition of NFPA
70E provides in-depth information on
electrical safety program requirements
and responsibilities, defines qualified
persons, gives eight steps for creating an
electrically safe work condition, details
the process of electrical hazard analy-
sis, and gives the rules for establishing
protective boundaries and selection/use
of electrical PPE. Yet, statistics over the
past 10 years do not show significant
declines in electrical fatalities and inju-
ries. There were 126 electrical fatalities
in 2020 (the most recent data available).
There were an additional 2,220 non-fatal
electrical injuries resulting in missed
days from work and 620 electrical burn
injuries (Fig. 1 on page 25).

Despite increased compliance
requirements, better technology, and
the development of more practical and
comfortable PPE, electrical incidents still
happen (Photo 1 on page 26). Following
requirements for safe work practices in
NFPA 70E and maintaining equipment
in safe operating condition is still not
enough. For many years, the American
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Society of Safety Professionals recog-
nized, analyzed, and incorporated human
behavior as part of its standards. The 2018
edition of NFPA 70E introduced Infor-
mative Annex Q — Human Performance
and Workplace Electrical Safety. The 70E
standard requires human performance
be considered as a prerequisite to per-
forming electrical work. After all, we are
human, and we make mistakes!

ROLE OF HUMAN BEHAVIOR

We typically base decisions on past
experiences. If we have not been injured
performing a certain task, there is little
or no reason to believe we will be injured
the next time around. However, circum-
stances change. Incidents tend to occur
because of variables coming together at
once. The Domino effect does happen —
an injury or even a fatality occurs as the
result of a series of unsafe conditions or
acts (Photo 2 on page 26).

An example of such a series of con-
ditions caused fourth-degree burns and
potential amputation to a trained and
qualified electrical worker’s left hand
while he was performing routine test-
ing and troubleshooting of a 75VDC
safety circuit.

o The worker had performed the
task hundreds of times with no injuries
Or near misses.

o The test equipment to be used was
faulty; the 75V power lead to the test set
was not properly shrouded where it con-
nected to the test set, and a frayed copper
wire protruded from the shroud.

Mesa | Dreamstime:com

o While adjusting the test unit, the
worker’s ring finger (on his left hand)
came in contact with the frayed copper
strand. The initial shock caused an
involuntary contraction of the muscles
in the left hand, and the hand/arm was
drawn tightly to the worker’s chest.
Smoke was pouring from the worker’s
hand. Attempts to push the hand away
from the chest and pull the fingers open
were impossible as the strength of the
constricted muscles could not be over-
come with the free right hand. Shortly,
the worker was able to pull the power
lead from his contracted hand with his
free right hand.

o Pulling his fingers open on his left
hand, the worker found exposed and
burnt tissue and bone — a fourth-degree
burn. The worker went into physical shock
due to the trauma and immense pain.
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Fig. 1. The latest electrical safety statistics are assembled by the Electrical Safety Foundation International based on data from the
Bureau of Labor Statistics. Notice that during this 10-year period, there has been no significant decrease in fatalities from exposure
to live parts or non-fatal electrical incidents and a slight decline in electrical burn injuries.
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Photo 1. Designing out safety issues plays a large factor in reduc-
ingincidents. Notice the heavy-duty design of this cubicle dooron
arc-resistant switchgear. With all doors closed, latched, and bolted,
an arc flash will be safely vented out the top of the switchgear
with no danger to a worker standing in front of the equipment.

o Disregarding the available radio on his belt, the worker
hid his injury from fellow workers by holding a sweatshirt
wrapped around his injured hand and drove himself to a nearby
hospital. The worker walked into the emergency and collapsed.

o Preparations were made to amputate the hand the next
day. Fortunately, blood flow returned to the hand, and the work-
er’s hand was saved. A considerable lost time accident resulted.

Why would a worker risk using a faulty test set only to suffer
a painful and debilitating injury, which was clearly a violation of
NFPA 70E? An Informative Annex in 70E provides insight and
can help recognize conditions to prevent such incidents. Here are
contributing factors identified in the company’s original incident
report (could it be a domino effect?):

o Electricians were working seven days per week, 12 hours
per day to meet production demands.

o The work was outdoors in hot, humid conditions.

o The test set had been identified as faulty, but the safety
culture was “just be careful, as a newer model is on order”

o There was no written procedure for the task.

o The worker had just been told he may be “bumped” to
another location in a different state. The worker had recently
purchased a home for his young family and was anxious to
get home and discuss the potential impact of this move with
his family.

The answer to prevent the incident was not better technology,
more PPE, or additional training. The incident occurred because
of human behavior — the result of a culmination of unsafe condi-
tions. Using human performance tools explained in NFPA 70E
can identify such dangerous conditions (precursors) and help
prevent near misses, injuries, and fatalities.

LOOK FOR THE SIGNS

Recognizing the need to address human performance as a con-
tributing factor to electrical incidents, Informative Annex Q
of 70E addresses how the concepts of human behavior can be
applied to electrical safety. It recognizes that human error is
unavoidable. However, through the observation of items such
as attitudes, work environment, and safety culture, precursors
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Photo 2. Installing a remote racking motor on a 480V low-voltage
power circuit breaker isacommon task that exposes workers to
potentially a severe arc flash hazard. The domino effect could
come into play: The work area is hot and uncomfortable; the
hood makes it hard to breathe, and fog may accumulate on the
face shield, making it hard to see. The breaker location on the
bottom row is not an easy place to work. Frustration getting the
motor to latch on the breaker could abruptly move the breaker
enough to allow unmaintained equipment to fail and produce
an arc flash. The worker does not have his arc-rated shirt tucked
in which should have been addressed in the job briefing. What
other pressures, concerns, or physical impairments may be af-
fecting this worker?

Photo 3. Verifying an electrically safe work condition is considered
workingon live parts because components may still be energized.
Most workers experience some uneasiness working on energized
circuits as they should. PPE is generally not comfortable to wear.
What else could the worker be thinking about during this task?

to incidents can be identified. That is, by looking out for certain
signs and indications, a potential incident can be recognized,
actions can be taken, and the incident can be avoided (Photo 3).

In the example of the worker who severely injured their
hand, several factors culminated to cause the incident. Fatigue,
production stress, complacency, heat, and worries about job
relocation all came together — along with an improperly
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maintained test set — to create unsafe human behavior.
While eliminating all precursors may not be possible in every
scenario, eliminating just one or two critical factors may be
enough to help the worker stop, rethink their situation, and
make a simple testing/troubleshooting task safe. Safety inci-
dents are usually the result of several unsafe acts or conditions
coming together at one inopportune time, operating much like
a chain reaction (Fig. 2).

USING TOOLS TO PREVENT INCIDENTS

Utilizing the human performance tools identified in NFPA
70E could have prevented the injury in the previous example.
Following are some of those tools:

o Conduct a pre-job briefing. The faulty test set would
have been discussed, and corrective action could easily have
been taken. The approach boundaries for DC voltages from
50V to 300V would have been identified as a result of the
required hazard analysis review, and the worker’s awareness
would have been increased.

o Perform a job-site review. Achieve a realistic under-
standing of the job at hand. Increased awareness of working
alone in a remote area while exposed to electrical hazards may
have identified the need for more safety precautions.

o Verify the use of appropriate procedures. Human
beings are fallible and make errors. Completing a checklist by
initialing procedural steps and signing off to verify all steps
were completed satisfactorily would have required the worker
to “inspect test equipment including power and test leads.” The
faulty power leads would have been identified and repaired
before the worker could sign his name to the procedure.

o Self-check with verbalization requires workers to ver-
balize their intent as they perform each procedural step rather
than fumbling to make adjustments.

o Stop when unsure. The right to stop work under unsafe
conditions is guaranteed by OSHA. Humility is one of the most
important human actions when it comes to safety. Stop, rethink
the task, and ask for help if uncomfortable. Recognizing the
various amounts of stress the worker was under should sur-
face while conducting the job briefing. Taking action on that
recognition could have eliminated the incident.

LOOKING AHEAD
The electrical industry will inevitably continue to see advances
in safety by design, PPE, test equipment, and other areas of

oy

Fig. 2. Incidents are typically caused by a combination of issues.
Removing any one of several potential issues may help prevent
anincident. Properjob planning and job briefings should identify
and eliminate hazards.

technology. Of course, this is not enough to stop all injuries.
Safety standards cannot do it all.

The National Electrical Code (NEC) has addressed methods
of arc flash mitigation, labeling requirements, and line-side
protection of terminals in service panels. NFPA 70B, Stan-
dard for Electrical Equipment Maintenance, lessens the chance
of safety incidents from equipment failures. Safety by design
efforts reduce exposure to hazards. Maintenance procedures
and field safety audits minimize the chance of human error.
Yet electrical workers encounter the stress of error precursors
every day. Some can be controlled, but not all can be elimi-
nated. Workers will continue to feel work pressure, be fatigued,
take prescription medications, have personal conflicts, and
have good and bad concerns outside the workplace. That’s why
one of the most important areas of advancement in electri-
cal safety must be recognizing the human factors involved in
electrical work and taking preventive actions before the fatality,
injury, or burn can occur. EC&M

Randy Barnett is the Electrical Codes Program Manager for
NTT Training. He can be reached at electricrb@yahoo.com.

Five Tips to Improve Electrical Safety

o Celebrate near misses. Learn from mistakes.
Investigate incidents, including near misses. Learning
from past mistakes will always improve safety.

« Incorporate safety by design. Remove the human
fallibility factor when possible.

« Implement an “electrical safety committee” that
reports to the overall safety committee. Electrical
workers have specific knowledge others do not
possess. They will see electrical hazards others will
not and know how to mitigate them.
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o Address human performance on the job.
Ensure your job safety plans and job briefing forms
have lines to ensure human performance error
precursors found in Informative Annex Q of NFPA
70E are addressed.

« Safety meetings must address people. Do workers
feel comfortable discussing safety concerns? Are their
concerns sincerely addressed? Are workers comfortable
using and discussing the benefits of the employee
assistance program?
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Arc Flash Hazards:
Prevention vs. Protection

Why electrical
professionals
must consider
potential
hazards before
the work starts
to ensure safety
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Grounding is an important part of putting medium- and high-voltage electrical equip-
ment in an electrically safe work condition.

By Tommy Northcott, Jacobs Technology, Inc.

ave you ever found yourself faced with an electrical task that involves
a potential arc flash hazard, and the first question you ask is: “What
level of personal protective equipment (PPE) do I need to wear?” If
your answer is yes, then I would argue you're likely in the majority.
I get asked far more questions about proper levels of PPE (both arc
flash and shock) than any other electrical safety-related topic com-
bined. And to be honest, at first, I was thankful — because the fact that so many
people are inquiring about proper PPE shows a positive shift in safety in the electrical
industry culture over the past few decades. However, over the years, it has become
clear to me that we need to continue to drive this cultural shift even further. My
goal is to get electrical workers to consider the PPE question as the last question in
a series of other important considerations.

Anyone who has taught an NFPA 70E comprehensive electrical safety course
knows that someone in the class almost always comments on how many requirements
there are when performing a task that might involve an electrical hazard. Initially,
people believe all the meetings, paperwork, discussions, and precautions seem to be
excessive. I personally believe (and try to teach others) that once you switch your
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baseline from protection from the hazard to prevention, then all
those steps start to make sense. Immediately jumping to protect
yourself from the hazard with PPE is essentially assuming it will
happen no matter what, prompting you to shield yourself from
the hazard’s effects. What NFPA 70E is really striving to achieve
is preventing that electrical energy from ever manifesting itself
into a hazardous situation in the first place.

For example, NPFA 70E made its bias toward prevention
clear in the 2018 revision by explicitly stating that the priority
must be elimination of the hazard (Sec. 110.1). This revision
also emphasized the need to use the hierarchy of risk control
method by moving this requirement from an informational
note into the text of the standard. The hierarchy of risk con-
trol method provides an assessment process that requires first
considering the most effective mitigation (elimination) before
moving through the six-step process, which ends with the least
effective method (PPE) as noted in Sec. 110.5(H)(3). Although
arguably the most important step in any hazard risk assess-
ment, it’s definitely not the first one. To even get to the risk
assessment step, you must first recognize there is potential
hazard. All too often, this step gets overlooked when some-
one is involved in an electrical hazard incident. That reality is a
driving force behind why some of the steps that seem excessive
come into play.

An electrical hazard cannot be mitigated unless the worker
first recognizes the potential for that hazard. Therefore, elec-
trical workers cannot be assigned a job and then simply
jump in and start executing the work. Every job must first be
evaluated to determine if there is a potential for an electrical
hazard. If there is, a qualified electrical worker (QEW) must
work through several steps prior to starting the actual work.
A QEW must perform an arc flash and shock risk assessment
to determine both the likelihood of a hazardous event as well
as the potential severity of the hazard (should it occur). The
QEW must then complete a job safety plan and perform a job
briefing with anyone who will be working on this job. On the
surface, this may not seem excessive until these first few steps
are unpacked to reveal the expectations within each one.

ARC FLASH RISK ASSESSMENT

Any work that includes the potential for exposure to an elec-
trical hazard requires that an arc flash risk assessment be
performed to identify any arc flash hazards, determine the
likelihood of occurrence and the potential severity, and then
determine if any protective measures are required to protect
the workers. Part of the definition of a QEW is someone who
has the skills and knowledge to recognize potential electrical
hazards. This only comes from a combination of training and
experience. For arc flash, any easy first step is to consider if the
task involves exposed conductors or circuit parts that are not
in an electrically safe work condition or if the task is starting
or stopping current flow. If either of these two conditions will
exist, then the QEW must determine if there is enough energy
to create and sustain an arc. In lieu of having had an arc flash
incident energy assessment performed on the equipment that
provides arc flash energy levels, the NFPA 70E contains tables
that can assist the QEW in this part of the assessment. If there
is a likelihood of an arc flash, the QEW must then determine
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The Hierarchy of Risk Control Method is used for every electri-
cal task to determine the most effective means for mitigating
electrical hazards.

and document what mitigating actions are required using the
hierarchy of risk control method.

HIERARCHY OF RISK

CONTROL METHOD

The hierarchy of risk control method is a system used to mini-
mize or eliminate exposure to electrical hazards. Variations of
this system are widely accepted and promoted by numerous
safety organizations — it was officially adopted specifically for
electrical hazards by the NFPA 70E in the 2018 revision. The six
levels of the hierarchy of risk control methods, in order from
most effective to least effective, are: elimination, substitution,
engineering controls, awareness, administrative controls, and
PPE. This method should be applied starting with the conceptual
design of electrical systems all the way through the entire life-
cycle of the system. For the purposes of this discussion, the focus
is on the application of safe work practices on installed systems.

Elimination

Elimination is the physical removal of the hazard, which is
the most effective hazard control. This is directly related to
the NFPA 70E requirement to only work on equipment that is
in an electrically safe work condition unless the task is infea-
sible in this condition. When a conductor is in an electrically
safe work condition, there is no exposure to electrical energy.
Therefore, the arc flash hazard has been eliminated. However,
keep in mind that the action of opening a switch or circuit
breaker as one of the steps in creating an electrically safe work
condition could pose a potential arc flash hazard.

Substitution

The second most effective risk control method (substitution)
involves replacing something that produces a hazard with
something that does not produce a hazard or produces a lesser
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STAINLESS STEEL « POP UP COVER

FLOOR BOX KITS

EASY RE

CEPTACLE INSTALLATION * NO DISASSEMBLY!

Arlington’s Pop-up COVER/BOX KITS provide
options for installing a device in a floor -
or a countertop!

] =] The kits include a 20A receptacle OR you can install one of your own. It's easy.
¢ us The device installs from the front. There's no need to dismantle the hinge mechanism.
E' Listed as Just remove the white cover plate, install the receptacle and replace the cover plate.
floor box

Gasketed stainless steel or black stainless trapdoor covers

close flush with the surface, preventing damage to the T’acll‘)“ilg‘:s’
device and minimizing trip hazards in a floor installation. close flush
with floor
™  Easy ‘No Glue’ installation — the spring steel clip
holds box securely against the surface when
screws are tightened o
» Fits surfaces up to 1-1/2" thick
P44
« Uses standard rectangular receptacle, and GFCl, : . Ingress
and GFCl/combination receptacles e protection

Spring steel clip =\~

Arlin t0n® ggla[:flslzosxurlace
g

Patent pending

www.aifittings.com Scranton, PA 18517 800/233-4717
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Load Side of Switch
and Blades are

Energized by Backfeed

Open Both Switches
before Accessing
Load Compartment

Labels that clearly warn workers of hazards inside equipment
are an example of the Awareness Risk Control Method.

hazard. Here’s a common example: A 480VAC main circuit
breaker directly downstream of a transformer is a common
location for high arc flash energy levels. The medium-voltage
switch on the upstream side of that transformer often has a
lower arc flash energy level. Opening the medium-voltage
switch substitutes the high energy exposure at the breaker for
a lower energy exposure at the switch.

Engineering controls

Engineering controls do not eliminate the hazard but rather
isolate the QEW from the hazard. Installing covers over oth-
erwise exposed conductors inside an electrical enclosure to
reduce the likelihood of initiating an arcing fault while the
enclosure doors are open is an example of engineering controls.

Awareness

Awareness is a method to alert workers of potential electrical
hazards inside enclosures, vaults, or any other area. Warning
and danger signs are a commonly used form of awareness.

Administrative controls

Administrative controls are methods of changing the way
people work. Examples of administrative controls include
procedure changes, policy changes, and employee training.
Administrative controls do not remove the hazard but are
intended to limit or prevent worker exposure to the hazards.

PPE

PPE is the last line of defense and does not eliminate or miti-
gate the hazard. Instead, it protects the worker from the result
of the hazard. When an arc flash event occurs, if QEWs are
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wearing the appropriate level of arc flash PPE, they should not
suffer any burns from the arc flash event.

The intent of the hierarchy of risk control method is to
choose the highest-level method or combination of methods
to mitigate or minimize the exposure and effects of the arc
flash hazard. As shown in this explanation of the method, PPE
is the last thing to be considered in this process. There are
many other preferred options that can be implemented before
jumping into arc flash PPE and working the job. Eliminating
the hazard to begin with is always the priority. The shock risk
assessment and application of the hierarchy of risk control
method is identical to the arc flash process with a focus on
the potential for shock hazard.

ELECTRICALLY SAFE WORK CONDITION

An electrically safe work condition is a condition where an elec-
trical conductor or circuit part has been placed into a condition
of no potential for electrical hazards for personnel safety. There
are eight steps required before equipment can be considered to
be in an electrically safe work condition. The QEW must first
determine all the sources of electrical energy. The equipment
must then be disconnected from all the sources. Whenever pos-
sible, the QEW must visually verify all disconnecting devices
have been fully opened. Any electrical stored energy must
be released, and any mechanical energy must be released or
blocked. The disconnect devises must then be locked/tagged
in accordance with a documented and established procedure.
A QEW must then verify the absence of voltage using the live-
dead-live method. Finally, when appropriately sized grounds can
feasibly be applied to the conductor or circuit part, the grounds
must be applied. Once these steps are complete, the electrical
hazards have been effectively eliminated. Keep in mind that
completing these steps poses potential for electrical hazards, and
appropriate safety measures must be used to safeguard the QEW.

DOCUMENTATION

Prior to performing a job with potential exposure to an electri-
cal hazard, there are several required documents to consider.
The QEW must have a documented safety plan. This comes in
many variations and can be called a Job Safety Analysis (JSA),
Job Hazard Analysis (JHA), Safe Plan of Action (SPA), or any
number of other similar titles. This formally documents the
various risk assessments, mitigation methods, PPE, boundar-
ies, and any other methods to ensure the safety of the workers.
If the Restricted Approach Boundary (RAB) is to be crossed for
anything other than non-intrusive diagnostic testing, this may
also require an Energized Electrical Work Permit (EEWP).
If a complex lockout/tagout (LOTO) is required, then there
will be a documented LOTO procedure. Medium- and high-
voltage switching requires a documented switching procedure.
All of these documentation requirements before executing the
work are designed to have the QEW think through the steps of
the task, identify potential exposure to electrical hazards, and
develop a plan for protection from those hazards.

EXAMPLE OF A REAL-WORLD APPLICATION
After providing electrical safety training for an organiza-
tion comprised of electricians and electrical engineers, the
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NO TOOLS! « EASY CABLE INSERTION Made in USA Bi=

SNAP2IT.90°CONNECTORS

WITH and WITHOUT INSULATED THROAT

FAST, EASY
REMOVE CLIP

4010900AST

il ‘= 3 . .._. ’ 4
- “
TR o

* Easy snap-in cable installation Save time
over 90° 2-screw MC Connectors

at same cost per connector S AVE

+ Handles widest range & variety

of cables: 14/2 to 10/2 AC, MC, l M I N UTE

HCF, MC continuous corrugated per connector
aluminum cable, MCI-A cables over 2-screw

EASY TO INSTALL
1 BEND CABLE FOR EASY INSERTION

2 INSERT CABLE INTO FITTING

3 SNAP ASSEMBLY
INTO BOX
(SEE ABOVE)

(steel & aluminum), AC90 and ACG90 styles
« Fast, secure installation...No pullout
90° SNAP2IT® P
CABLE RANGES .« Easy to remove from box...reusable
38900AST 4010900AST
CABLE 38900ST 40900ST u
TYPE Dia. | Cable | Dia. | Cable C\°® |. us
Range | Range | Range | Range
MC/HCF/AC 380to | 142, | 49010 [ 1413, 1212, ‘?’r:tshugzgd‘”{'ﬁ'r‘:;t
Steel & Aluminum 600 and 12/2 | 600 and 12/3
with & w/o with & w/o =
MCI-A Steel & Aluminum ggg " ground. ggg 1 ground.
: 14/3,14/4 | 14/4 E E
AC90 ACGS0 12/3,12/4 | 48010 | 124 /A -
, 102 | 550 1072 L.
Flexible Metal Conduit 3/8" Flex* E

Steel & Aluminum

(RWFMC) *CSA Listed w anti-short bushing ONLY Arlington®

Patented www.aifittings.com Scranton, PA 18517 800/233-4717
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electricians stated that they all needed
their own set of insulated tools. The
shop supervisor, who also attended
the training, asked me if I thought he
should provide insulated tools for all
his electricians. In my opinion, pro-
viding all the electrical workers with
the insulated tools would inadver-
tently communicate to the workers
that the supervisor expects them to
work on energized conductors.

On the contrary, the best recom-
mendation is to have one or more sets
of insulated tools in locked toolboxes. If
the insulated tools are needed, an Ener-
gized Electrical Work Permit (EEWP) is
also required. Upon successful approval
of the EEWP, the electrical worker can
be provided with a key for the insulated
tools to safely perform the task. How-
ever, many times, the process of working
through an EEWP will result in finding
a means to mitigate the hazard and
performing the task in an electrically
safe work condition. Leaders of QEWs
should always look for ways to encourage

and enable their QEWSs to find innova-
tive methods for executing their jobs in
the safest conditions feasible.

WHY IS THIS ALL NECESSARY?

When it comes to electrical safety
requirements in the workplace, it’s
easy to feel like there is an excessive
number of steps to complete before
a QEW ever begins the actual work.
However, the requirements are on
par with the nature of the hazard.
The reality is that when an arc flash
event or shock hazard initiates, there
is no time to get out of the way at that
moment to protect yourself. QEWs
must consider the potential hazards
before the work starts and already
have the appropriate safeguards and
mitigations in place to ensure their
safety during the job. The intent of
the NFPA 70E is to prevent exposure
to electrical hazards as a priority over
protecting workers from the hazards.
The next time you find yourself asking
what PPE you need to use, let that be

areminder to take a step back and use
the requirements in the NFPA 70E to
help plan the job to be safely executed.
The requirements discussed here did
not cover all of the requirements in
NFPA 70E but were used as samples
to explain the intent of having hazard
prevention as a priority over hazard
protection. EC&M

Tommy serves as a senior power engi-
neer and branch manager for Jacobs
Technology Inc. With more than 20
years in the electrical industry as an
electrical engineer, project manager, arc

flash program manager, electrical safety

trainer, and utility manager, he brings a
broad range of experience to his passion

for electrical safety. He is also an NFPA

70E compliance subject matter expert,
a principal member of the NFPA 70B
Committee, electrical safety trainer,
certified maintenance and reliability
professional, and certified reliability
leader. He can be reached at Thomas.
Northcott@Jacobs.com.

LED Solutions for Your Harsh Industrial Facility

Appleton™ IHC LED Luminaire

Learn More at: www.masteringled.com

The Emerson logo is a trademark and a service mark of Emerson Electric Co. © 2023 Emerson Electric Co.

Appleton™ Industrial LED solutions by Emerson feature a full line of luminaires designed for every part
of your facility, regardless of mounting height or existing infrastructure. Because of superior design,
materials, and optics, our Industrial LED lineup delivers the adequate and comfortable lighting you need
to keep your operations running efficiently, even in the harshest industrial environments.

EMERSON

CONSIDER IT SOLVED
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™
Listed as
Cable Runway

Support System
CABLE SUPPORT SYSTEM FOR NEW WORK OR RETROFIT

Try Arlington’s easy to install CABLEWAY™, for a secure,
UL Listed cable runway support system.

FLAT SURFACE
System components get the job done SUPPORT BRACKET
quickly and easily. A T23F
ey,

Support Brackets attach

directly to framing members,
without structural damage. WALL MOUNT
They hold cables securely SUPPORT BRACKET
in place, and open for easy T23W
cable insertion! —

The Slide-On Trough holds
and protects cable.

To add length, install SUPPORT BRACKET
more sections that join T23H OPEN
together with Coupling.

Angles and Tees g
make turning = }’

corners a breeze.  1o3 cLoseD

Push-on

End Caps ' : E
— complete the job!
=43

Patented
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Product info
aifittings.com/landing/cableway-series

/

GALVANIZED STEEL Made in USA

#t CABLE SUPPORT

Ly

ECONOMICAL...HOLDS UP TO FOUR MC CABLES « EASY TO INSTALL

Nail or screw on CUS6 Foldline Arlington’s economical CUS6 galvanized steel Cable Support
cus (centerline) holds cable secure and centered on a metal or wood stud.
P | .
— Locking tab
|

It's perfect for fastening and

' ' L positioning up to four
Insert locking individual metal clad cables —

Bend right side tab here or six NM cables on a 2x4.

a of strap in and . . i
L Nail or screw to stud SvEr GallE Installation is quick and easy. Nail or screw CUS6 to a wood
‘ | é through these holes or metal stud, and position the cables. Next bend the strap
y at the foldline (centerline). Fold the strap over the cables
and insert the locking tab in the opening as shown to hold
E E Holds up to four MC cables them securely in place.
centered on a 2x4! « Complies with 2020 NEC, article 300.4(D)

© 2020 Arlington Industries, Inc.
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Top 10 OSHA
Violations of 2022

38 EC&M May2023 -

www.ecmweb.com

he U.S. Occupational Safety and Health Administration’s (OSHA)
Acting Director of OSHA’ Directorate of Enforcement Programs
Patrick Kapust presented OSHA’s Top 10 most frequently cited
safety standards for 2022. Announced on Sept. 20, 2022 during
the 2022 National Safety Council (NSC) Safety Congress & Expo,
the list remains relatively unchanged compared to past years.
For the 12th year in a row, Fall Protection — General Requirements secured
the No. 1 position. Other notable changes to the 2022 listing include Hazard
Communication jumping to No. 2, three spots higher than its 2021 ranking
(No. 5). Powered Industrial Trucks also rose two spots to No. 7 from No. 9 in
the previous year.
While reviewing the overall data from 2021, it’s also important to note that
the overall number of citations from the Top 10 did increase from 2021 to 2022
by more than 1,100.
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[ [ ] A » » A

ARQC ) AND PL/Z B O 0 A GA
i 4 %
¢/ ¥
J/\!
Mﬂti_aaﬂ: P
P RO n ‘ VBRI
: Round or
" s 4 Octagonal
Wil A4 . e - ceiling
boxes

Single and
Multi gang
boxes

-~ 10?‘ Arlington’s vapor barrier covers prevent air infiltration around single, and NOW two- and three-
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Installation is easy. Two screws hold the vapor barrier cover
temporarily in place during the installation of 1/2" or 5/8"

drywall, through the device screw holes or the flashed-over
holes in the flange. After the drywall’s installed remove the

screws, if using the device screw holes, and install the device. Device

screw
Designed for new work, VB1 and the new VB2, VB3 and the Ll
round VBR1 install on most plastic or steel boxes. Flashed-over holes

™

for single-gang round
or octagonal boxes
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No. 1: Fall Protection —
General Requirements

For the 12" consecutive year, Fall Protec-
tion — General Requirements held its
spot as the most frequently cited violation.
It is associated with Standard 1926.501,
setting requirements for employers to
provide fall protection systems for their
employees. This category saw a decrease of
only 11 citations from 2021, with a total of
5,260 violations in 2022 — approximately
Y of the total Top 10 violations in 2022.
However, the 2022 total marks the lowest
number of citations in a single year for
this category since 2014, according to
past data.

© Somporn Suebhait | Dreamstime.com

No. 2: Hazard
Communication

This category saw the most significant change
from 2021 to 2022 compared to other violations
on this year’s Top 10 list. Hazard Communi-
cation (No. 2) had 2,424 violations in 2022,

bringing it back to its 2020 ranking. In 2021, this
category moved its way down to No. 5 on this
list with 1,939 total citations — nearly 500 less
M than its most recent 2022 total. Its requirements,
based on 1910.1200, have been updated to align
with the UN Globally Harmonized System of

AlexYustus/iStock/Getty Images Plus

Classification and Labeling of Chemicals (GHS),
Revision 3. The standards dictate that the haz-
ards of all chemicals produced or imported
are classified, and the information concerning
them is communicated to employers and their
employees.

No. 3: Respiratory

Protection

Respiratory Protection moved positions
slightly from 2021 to 2022 — down one to

No. 3 — and it also saw a significant drop i
in the number of total citations: 2,185 L
in 2022 compared to 2,521 in 2021. It is
associated with 1910.134, which directs
employers on establishing/maintain-

ing a respiratory protection program. Its
primary goal is to prevent workers from
atmospheric contamination of harmful

dusts, fogs, fumes, mists, gases, smokes,
sprays, or vapors. It applies to the Gen-

eral Industry (part 1910), Shipyards (part
1915), Marine Terminals (part 1917),
Longshoring (part 1918), and Construc-

tion (part 1926).

© Anton Starikov | Dreamstime.com
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ARLINGTON

STEEL BOX WITH BRASS COVER

sveceme FLOOR BOX KITS

CONVENIENT, FLUSH-TO-THE-FLOOR RECEPTACLE INSTALLATION

Arlington’s STEEL FLOOR BOX KITS
give installers a low cost, convenient
way to install a receptacle in @ new

or existing floor. .
Our Listed Single Gang Steel Floor Boxes 0

deliver easy, flush-to-the-floor installation. S~
* Brass covers hide miscut flooring; '_l//'/
gaskets prevent water intrusion; flip lids s

protect the box when it's not in use.

« Single gang brass and nickel-plated
Brass Covers fit our boxes and other
manufacturers’ single gang boxes.

Covers also sold separately.

[=]rd [m]

FLB5331MB
Single gang
steel box kit w brass cover

for NEW or

existing floors
(H us
800/233-4717 Product info aifittings.com/landing/flb5331-flb5551-Kits

Arlington°

Arlington’s IN BOX® Recessed Cover Kits are the neat
way to install a receptacle in an installed 4.5" concrete
floor box, including our FLBC4500 or FLBC4502 boxes. E

IN BOX covers install fast, inside the can reducing trip

stay insid.e hazards caused by plugs sticking out of the box. They look great.
fotbead And, you can have power and low voltage in the same box.
cover Assembled IN BOX, comes with matching in-use Cover blank
slotted cover and cover blank for unused
boxes in brass or nickel-plated brass

FLBC4560DNL Slotted cover
FLBC4560DMB Nickel-plated O
Brass -~
b ©

\v " 4 FLBC4560DBR
Brown

..and plastic in FIVE colors.

"y &

FLBC4560DGY : ’ v FLBC4560DLA
Caramel  FLBC4560DBL Light almond

Gray FLBC4560DCA
Black

Arling‘ton@ 800/233-4717 Product info aifittings.com/landing/inbox-cover-kits/
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No. 4: Ladders
This category dropped one position s
from 2021, coming in at No. 4 for 2022, £
with a total of 2,143 citations. However, 2
Ladders still saw 125 more citations ©
than the previous year when it held the
No. 3 position, which had 2,018 total
associated violations within this cat-
egory. Most associated with 1926.1053,
this standard covers all general require-
ments for ladders (including job-made
ones) at various types of job sites and
locations. It provides the designated
loads required for each type of ladder
to support.
5
H No. 5: Scaffolding
é Scaffolding dropped one spot from No. 4 in
2 2021 to No. 5 in 2022. However, it did see a
2 slight increase in the number of violations.
© In 2023, there were 2,058 citations, which
is 200 more than the previous year. This cat-
egory refers to standard 1926.451, which lays
the groundwork for scaffolding-related safety
measures. In most scenarios, each scaffold and
scaffold component must be able to support
(without fail) its own weight and up to four
times the maximum intended load applied to
it. This standard excludes aerial lifts.
No. 6: Lockout/Tagout E
Lockout/Tagout maintained its No. 5
6 ranking for the third year in a row, E
but it did see an increase in violations Z
©

from 1,670 in 2021 to 1,977 in 2022.
This category follows the requirements
of 1910.147, which coves the servic-
ing and maintenance of machines
and equipment in which the unex-
pected energization or start-up of the
machines or equipment (or releases of
stored energy) could harm employees.
In addition, it establishes minimum
performance requirements for the con-
trol of such hazardous energy.
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SNAP2IT- CONNECTORS

EASIEST CABLE INSERTION « NO TOOLS - SECURE HOLD

SAVE’ 7 FEI e
seconds =

per connector!

4010AST
1/2" KO

4110ST LISTED
SNAP2IT®
CONNECTORS FOR
ke NEW MC-PCS CABLE
o ..lighting & low voltage
circuits in the
same cable

Easy to

2?45.,(),(1(;) AST Snap into Box!
» Fits widest range and variety of MC cable 14/2 to 3/3 '
AC, MC, HCF, MC continuous corrugated aluminum cable and
Fully assembled, SNAPIT* fittings MCI-A cables (steel and aluminum)...including the new MC-PCS
handle the widest variety of MC cable that combines power and low voltage in the same MC cable
cable AND THE NEW MC-PCS cables. ANY Snap2It Connectors LISTED for MC cable are also LISTED

for MC-PCS cable! These products offer the greatest time-savings.

Compared to fittings with a locknut . .
+ Fast, secure snap-on installation

and screw, you can't beat these snap
+ Easy to remove, reusable connector

From cable Loosen screw on top. Remove connector from cable.
From box Slip screwdriver under notch in Snap-Tite® ring. Twist.
Remove connector.

in connectors for time-savings!

™

CATALOG DESCRIPTION CABLE
NUMBER Snap2lt’® connectors OUTSIDE DIA (OD)
i
GUS 4010AST Snap in, 1/2" KO w insulated throat 40510 610
5010AST Snap in, 1/2" KC w insulated throat 580 t0 .780
505010AST Duplex Snap in, 3/4" KO w insulated throat (2) 590 to .820
41108T Snap in, 1/2" KO 52510 .705 :
° . o . -
414110ST Duplex Snap in, 1/2" KO 2) 52510 .640
Arlington- S e e i NEW!
NE\N'4 41107 uplex Snap in, 3/4 (2) 52510 .690 4141107ST

Patented. Other patents pending. www.aifittings.com « Scranton, PA 18517 - 800/233-4717  madeinusa
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No. 7: Powered Industrial Trucks

Returning to its 2020 position, the Powered Industrial
Trucks category ranks No. 7 in 2022 with a total of 1,749 vio-
lations, compared to only 1,404 total citations in 2021 when it
was ranked No. 9. This category is associated with 1910.178,
which describes the safety requirements related to fire pro-
tection, design, maintenance, and use of fork trucks, tractors,
platform lift trucks, motorized hand trucks, and other special-
ized industrial trucks powered by electric motors or internal
combustion engines.

© Baloncici | Dreamstime.com

No. 8: Fall Protection —

Training Requirements

The Fall Protection — Training Requirements category fell
one position from 2021, when it held the No. 7 spot and had a
total of 1,660 citations. Fortunately, 2022 saw a slight decrease
in the number of violations in this category, with 1,556 total.
The requirements of this category are described in 1926.503,
which states that employers shall provide a training program
for each employee who might be exposed to fall hazards to
enable each employee to recognize the hazards of falling and
the procedures to be followed to minimize those hazards.

Flickr/Courtesy of Western Area Power

No. 9: Personal Protective
and Lifesaving Equipment —
Eye and Face Protection

Dropping one position from 2020 to No. 9 in 2022, Personal
Protective and Lifesaving Equipment — Eye and Face
Protection saw a total of 1,401 violations, which is 50 less
than occurred in 2021. According to 1926.102, the standard
requires that employers ensure each affected employee uses
appropriate eye or face protection when exposed to eye or face
hazards from flying particles, molten metal, liquid chemicals,
acids or caustic liquids, chemical gases or vapors, or potentially
injurious light radiation.

© Bannasak | Dreamstime.com

No. 10: Machine Guarding

Machine Guarding reclaimed its No. 10 spot for the third
year in a row in 2022. Standard 1910.212 requires that
one or more methods of machine guarding shall be pro-
vided to protect the operator and other employees in the
machine area from hazards, such as those created by point
of operation, ingoing nip points, rotating parts, flying
chips, and sparks. Although it had the same ranking as
the past couple of years, this category did see an increase
in the number of violations - 1,370 in 2022, compared
to 1,105 in 2021.

| Dreamstime.com

© Matee_Nuserm
1
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ARLINGTON

NON-METALLIC Made in USA s

FIXTURE BOXES for Siding

BOTH EASY INSTALLATION
INSTALL
BEFORE Arlington’s 8141F and 8081F boxes deliver the fastest, easiest way to install light
OR AFTER d | idi d look h vertical ing!
e ixtures and receptacles on siding. Good looks. Smooth vertical mounting!

S

« Easy to install one or two-piece styles [§ %
for any siding type

* NM cable connector included

+ UV rated for long outdoor use

+ Textured, paintable finish

ONE piece TWO piece
8141F 8081F
Fixture Box Electrical Box
E No extra cover Separate
g to lose or store cover and box
E For light fixtures For light
g fixtures,
z Costs less than standard ;
g) 8081F receptacles @ @

Arlington-

800 LRI VER UM aifittings.com/catalog/siding-mounting-blocks/siding-mounting-block/8141F

Arlington’s aluminum or plastic AnyBODY™ ships as an LB,
but converts FAST to a T, LL, LR or C by switching the cover plates
and threaded flanges to create the style you need.

Easy and convenient, it saves you the hassle and cost
of carrying five different conduit bodies.

« Competitively priced with LBs —
NO EXTRA COST for the normally

935NM more expensive T — UL/CSA Listed

2" Plastic

Plastic 1/2" to 4" includes three
flanges w/ glue-in pipe joint.

Aluminum 1/2" to 4" includes
threaded flanges for three openings.
1/2" to 2" are combination bodies:
threaded for rigid, they also have a
set-screw for use with EMT.

© Arlington Industries, Inc.  Patented

X Aluminum T...C..LR..LL
Arlington-

8001233-4 Product info aifittings.com/landing/anybody
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Arc Flash Risk
Management

Considerations

ccording to a recent National Fire Protection
Association (NFPA) report, 126 workers died
from exposure to electricity in 2020. Deaths
from an arc flash are down from previous years,
but most of these fatalities could have been pre-
vented. Workers in highly charged areas can be
exposed to electrical hazards that place them at risk of serious
injury or death. Injuries occur when electrical safety is not
given the proper attention, procedures are not followed, or
employees are not trained appropriately. An arc flash blast
can occur in a fraction of a second, resulting in skin burns,
respiratory issues, hearing loss, eye damage, and death. Con-
ducting an arc flash study helps organizations identify the
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likelihood of an arc flash hazard and is the first step in pre-
venting it from occurring. This article will review the arc flash
regulatory requirements, mitigation, and compliance strate-
gies, consider the impact of an arc flash incident on employees
and businesses, and provide a framework for developing an
arc flash management program.

ARC FLASH AND THE RISKS INVOLVED

An arc flash is a sudden discharge of energy, connecting a
component with the ground or another voltage phase in the
same system through the air. This discharge can result from
loose connections, exposed live parts, or other short circuits in
faulty equipment. The resulting explosion produces dangerous
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GANGABLE

Connections on
sides lock single gang
FLBC8500 boxes
securely together

1IC
PLAST Listed Cover/frame Kkits
NOW IN PLASTIC,
FIVE Colors!

Caramel T
Caramel Black - .
Gray P

Blach Gray Brow
Brown

Light
Aligbind
Almond

Made in USA FLBC8510BR

Plastic Cover/frame Kit
Single gang
FLBC8510BR Brown
FLBC8510BL Black
FLBC8510GY Gray
FLBC8510CA Caramel
FLBC8510LA Lt Almond

Three-gang
FLBC8530BR Brown
FLBC8530BL Black
FLBC8530GY Gray
FLBC8530CA Caramel
FLBC8530LA Lt Almond

Two-gang
FLBC8520BR Brown
FLBC8520BL Black
FLBC8520GY Gray
FLBC8520CA Caramel
FLBC8520LA Lt Almond

www. aifittings.com Scranton, PA 18517 800/233-4717

ECONOMICAL * INTERLOCKING

FLOORBO

(1) FLBC8530BL
Black plastic
cover/frame kit

(3) FLBC8500
boxes

FLBC8500

Reposition hinge.
It’s Easy!

two boxes
together for
a two-gang box.
Add another for three-gang!

Build a two- or three-gang concrete floor box by simply
locking single gang boxes together!

Then buy the UL LISTED single, two- or three-gang cover/frame
kit, with devices included, in PLASTIC, FIVE COLORS - or in
economical diecast zinc with a brass or nickel finish.

Fast, easy installation.

Cover installs with hinge on either side.

= [

Arlington-

U

®

LISTED

Metal
Cover/frame Kit

Brass finish
Single gang FLBC8510MB
Two-gang FLBC8520MB

Three-gang FLBC8530MB

FLBC8530MB

A -
&7 >
w 3.
Nickel finish st Vs
Single gang FLBC8510NL Ao~ ﬁ
Two-gang FLBC8520NL h 4
Three-gang FLBC8530NL

FLBC8520NL

Patented

Product

©2017 REV 2022 Arlington Industries, Inc.
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intensities of force, heat, and light. In addition to damaging
equipment, an arc flash can injure nearby workers. The impact
can cause internal and external burns, resulting in severe inju-
ries or death caused by intense UV light emissions, hot gases,
or vaporized metals.

Across electrical systems, each equipment location will
have a different arc flash incident risk level, depending on the
available fault current and interrupting time to clear that fault.
An arc flash analysis will detect the available fault current using
a short-circuit study, and the interrupting time is calculated
with a coordination study. These two protective device cal-
culations are the basis for determining the arc flash incident
energy in calories per centimeter squared, which provides
the arc flash incident risk level. This information is included
in the arc flash report, and the incident energy value will be
included on device-specific arc flash equipment labels. When it
is necessary to work on energized equipment, the arc flash label
informs personnel of the magnitude of the potential hazard,
so they can take appropriate steps to protect themselves with
the proper PPE and other safety procedures.

An arc flash study and proper arc flash labeling are required
by law to reduce the hazard for workers when working on
or near energized equipment. The study also simultaneously
provides selective coordination of electrical system protective
devices that will minimize interruptions to the operation of
the facility’s electrical infrastructure.

MAXIMIZING EMPLOYEE SAFETY AND
OPTIMIZING BUSINESS OPERATIONS

Establishing a risk management program for arc flash safety
is the first step toward mitigating arc flash risk and ensuring
worker safety while optimizing facility operation.

The NFPA 70E standard requires facility owners to per-
form an arc flash risk assessment before allowing a worker
or contractor to perform a task on energized equipment.
An arc flash risk assessment identifies the presence and
location of potential hazards. It provides recommendations
for PPE, boundaries for limited and restricted approaches,
proposals for flash protection, and safe work practices. The
Occupational Safety and Health Act (OSHA) requires all
business owners have an NFPA 70E-compliant safety pro-
gram — including an arc flash risk assessment and labeling.
OSHA strictly enforces these requirements, and violations
can result in hundreds of thousands of dollars in fines. There
are even examples of repeated violations costing more than
a million dollars when incidents have resulted in serious
injury or death.

MITIGATING RISK WITH AN ARC FLASH
MANAGEMENT PROGRAM
An arc flash risk management program is comprised of a typi-
cal sequence of tasks conducted by the system owner or in
conjunction with a third-party service provider to implement
a personnel safety and system reliability solution.

o The first task in the sequence starts with a commitment
by the system owner to define, document, and implement
safe operating practices. This activity should include electrical
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safety and policy procedures. Many of these procedures are
described in the NFPA 70E standard related to workplace elec-
trical safety.

o Specific hazards should be identified by location across
the electrical infrastructure. Details of the electrical system
layout are required as the basis to define a scope of work for a
risk management solution.

« End-users or approved third-party service providers will
confirm system data on-site. This data will be used to model
an electrical representation of the system to perform a short
circuit, coordination, and arc flash analysis. The analysis is
performed according to industry standards using an available
software application. The application software will aid a knowl-
edgeable systems engineer in calculating the available fault
current. From these calculations, the engineer will recommend
protective device settings that optimize system operation while
minimizing the magnitude of the arc flash hazard.

o Results are documented by device, including actions to
replace underrated devices that can’t safely interrupt the avail-
able fault current and relay settings to support the approved
recommendations of the study.

o Once the user approves the study results, equipment
labels are produced and affixed to each piece of equipment.
The labels provide all the necessary information a worker
will require to wear appropriate PPE and define safe working
distances for qualified and unqualified workers. These labels
are then available for installation on the electrical devices as
defined in the study.

o Labeling equipment is only a part of the overall process
of operating safely. There are many safety procedures outlined
in OSHA and NFPA 70E. These include a requirement to train
personnel who may be working on or near energized equip-
ment. NFPA 70E requires personnel to be trained every three
years and audited for retention of safety policies/procedures
each year.

The arc flash analysis documents and analyzes a user’s
existing system for what it is. It could be a relatively new state-
of-the-art electrical system with the latest gear, a decades-old
system with equipment that is no longer manufactured, or
something in between. As a result, there are situations where
the ability to reduce the magnitude of arc flash hazards has its
limits while also providing desired protection device coordina-
tion for optimal system operations.

An arc flash analysis is essentially a snapshot in time. It
documents the user’s electrical system as currently config-
ured. Any changes to the system could invalidate all or a
portion of the results provided in the study report. Accord-
ingly, NFPA 70E requires the study to be rerun every five
years or when significant changes have been made to the
system. Periodic updates not only keep the study current to
retain the benefits of safety and system reliability but also
to make the ongoing implementation of an arc flash safety
program less costly and complex.

In addition, NFPA 70E requires a current single-line dia-
gram to be included in each arc flash update. The single-line
diagram references each device in the model and is a critical
component of the final arc flash report.
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ARLINGTON

NON-METALLIC - VENTED FOR EASIER STACKABILITY

CONCRETE PIPE SLEEVE

THE EASY, ECONOMICAL WAY TO SLEEVE THROUGH CONCRETE POURS!

N W

. =
Made in USA ==

| Arlington’s Concrete Pipe Sleeves are the economical way
to sleeve through concrete pours in tilt-up construction
WALLS - and FLOORS allowing cable and conduit to
run easily from one floor to the next.

No costly core drilling — No cutting holes in the form.
Plus, you can position the hole prior to pouring the
concrete.

« Attaches to form with nails or screws

CPS40 .

Pipe Sleeve
for 4" hole

« Stackable up to 23" h for extra deep pours

« Vents keep wet pipe sleeves from sticking together CPS40
 Multiple hole sizes: 1-1/2" 2"+ 3"« 4"+ 5"« 6"

§ -
g !
g
g
o
2 Nail sleeve to form. After concrete sets, cut Insert conduit into
sleeve flush with surface. sleeve.
Arlmg‘tow ; * www.aifittings.com Product info aifittings.com/landing/concrete-pipe-sleeve
LR LDV Y@ LD LV N FROM ARLINGTON Made in USA =

SNAP2IT-CONNECTORS

NO TOOLS, SNAP IN - EASIEST CABLE INSERTION « SECURE HOLD

« Widest total cable ranges for our ENTIRE line: 14/2 to 3/3
Larger Snap2It connectors also available.

+ Widest variety of cables AC90 and ACG90; AC, MC,
HCF, MC continuous corrugated aluminum cable,
MCI-A cables (steel/aluminum)

« Easiest cable installation }
« Fast, secure installation No pullout e ’
= 4010AST

« Removable, reusable from cable or box

WIDEST CABLE RANGES
| FASTEST INSTALLATION!

totc

012 Arling

CATALOG SNAP2IT®R CONNECTORS CABLE

NUMBER w insulated throat OUTSIDE DIA (0OD)

38AST Snap in, 1/2" KO 405 to .605
T3e3eAST DUPLEX Snap in, 1/2" KO 40510 605, 3/8" Flex*
Taonst RED TINT Snapin, 12"KO agsto 6o
“"4040AST  RED TINT, DUPLEX Snap in, 1/2"KO 48510 610, 3/8" Flex” _
“aon0ast ANGLED CLIP Snap in, /2 KO aosto 6o

4040AST : o
cus !.:EI [=]
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ARC FLASH LABELING

Arc flash labels follow a specific layout
according to NFPA 70E guidelines. See
the Figure at right for a detailed dia-
gram of the arc flash-related information
included on every label. Note that there
may be some variations based on cus-
tomer preference and historical safety
procedures already in place. Changes to
the standard in recent years include the
elimination of the prohibited approach
boundary for shock hazard and PPE cat-
egory 0. PPE category designations of 1-4
are no longer required when the analysis
method review in this article is used.

ARC FLASH TRAINING
Arc flash safety training, as mentioned
above, is required every three years by
OSHA 1910 and NFPA 70E. A typi-
cal arc flash safety course will include
demonstrations on how to determine
incident energy values and arc flash
boundaries and instruct on how to
interpret arc flash labeling. The infor-
mation will guide participants in the
selection of methods designed to mini-
mize arc flash hazards and in choosing
the proper personal protective equip-
ment (PPE). A training course can be
conducted in one day and should in
general cover the following topics:

o Safety basics

o Electric flashover

o Arc flash and blast

o Codes and standards

o Standard maintenance requirements

» Work-safe practices

o Arc flash label interpretation

ARC FLASH SAFETY
COMPLIANCE

OSHA1910, NFPA 70E, and IEEE1584
are the primary standards that drive
arc flash compliance activities. These
standards provide policies and pro-
cedures that facilitate electrical safety.
They have been developed and refined
over time from real-world experience.
OSHA requires employers to provide
their employees with working condi-
tions that are free of known dangers.
It refers to NFPA 70E to fulfill the per-
formance-based requirements in the
OSHA standards. The purpose of NFPA
70E is to ensure workers are provided
with a working area that is safe from the
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ARC FLASH
LABEL INFORMATION

Equipment
description/identification

| A DANGER

SHOCK and ARC FLASH HAZARD

> PNL 3

Nominal voltage

Minimum insulating ———— |

> 480 VAC
> 00
42in
12in

Shock Hazard

Class Glove with Leather Protectors
Limited Approach (Fixed Circuit)
Restricted Approach

class of rubber electrical {
insulating gloves

/14 callem”2
Shock protection

82in
boundaries

Thermal energy of
working distance, ATPV
rating of HRC clothing
needed to exceed this value

Distance at which thermal
energy is less than 1.2 cal/cm?

ERS vertiv.com

Job#: SAMPLE1

Incident Energy at 18 in
Arc Flash Boundary

ARC FLASH PPE REQUIRED

Arc-rated (AR) long sleeve shirt & AR pants or AR
coverall and/or AR flash suit, AR flash suit hood,
AR gloves, hard hat, safety glasses/goggles,
hearing protection, leather footwear

WARNING: Power system changes will invalidate

ERSWQU

the information on this label

Electrical Reliability Services, Inc.
(877) 468-6384

MM/DDIYYYY By: ERS

Example of pertinent information that must be included on every arc flash label.

unacceptable risk associated with the
use of electricity in the workplace. The
IEEE1584 standard referenced in NFPA
70E provides the mathematical model
used as the basis to calculate arc flash
incident energy values. A review of these
standards and how they are to be applied
should be part of every discussion related
to an arc flash management program.

Third-party service providers can
help system owners comply with arc
flash standards and assist with creating a
custom arc flash management program.
When hiring a third-party service pro-
vider, consider their ability to offer the
following expertise and assurances:

o Trained and qualified field techni-
cians experienced in performing on-site
tasks including, data collection, labeling,
relay settings, breaker testing, device
replacement, and installation of an engi-
neered solution.

o Expertise in single- and multi-site
implementation.

o Qualified arc flash training pro-
grams to educate employees and measure
understanding of safety procedures.

o System engineers to perform
system analysis, review results and pro-
vide supporting documentation.

o Application engineering capa-
bilities to advance and apply additional
mitigation solutions.

o An approved process for manag-
ing system changes that support ongoing
personnel safety and system reliability.

o A review and update of safety
policy to ensure compliance with appli-
cable codes and standards.

IN SUMMARY

Arc flash incidents represent a significant
risk to personnel, system performance,
and company reputation. System owners
by law are required to be actively involved
in risk management, and accountability
is not excused due to ignorance of the
standards. NFPA 70E specifies safety
training every three years and arc flash
study updates every five years (or after
changes have been made to the electri-
cal system). Following these standards is
essential to a safe and dependable operat-
ing environment. In the end, it’s all about
safety and reliability. EC&M

Fred Toepfer, engineering services busi-
ness development manager for Electrical
Reliability Services, received his BSEE
degree from Louisiana State University
and MBA from Vanderbilt University. He
has more than 30 years of sales and mar-
keting experience in the electrical industry
related to service and new product/busi-
ness development. He can be reached at
Fred. Toepfer@ Vertiv.com.
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ARLINGTON

ADJUSTABLE BRACKET *« FOR NEW CONSTRUCTION

FAN/FIXTURE BOX

FLUSH CEILING INSTALLATIONS

Arlington’s heavy-duty, plated steel fan/
fixture box has an adjustable bracket that
mounts securely between joists spaced 16"
to 24" o.c.

Captive screws
attach bracket ends
to joists Flush ceiling installations

FBRS415 is designed for ceilings up to 1-1/4" thick.
For 1/2" ceilings, use the pre-bent positioning tab.
For other ceiling thicknesses, bend along the

appropriate score line.

» 15.6 cu. inch box ships with captive screws, mud cover,
installed NM cable connector

"|@_ 2004-2013 Arlington Industries, Inc.

Fan bracket
installation screws ~ Captive screws
from
| both sides
attach bracket
E: ends to joists

BRS41S \
@ @ Patented
UL ratings

70 Ib fan/90 Ib fixture at 24" oc
70 Ib fan/150 Ib fixture at 16" oc
Positions box

CSA rated 50 Ib fan/fixture at between joists
16" and 24" Positioning tab

Arlington® 800/23 Product info aifittings.com/landing/fbrs415 for 1/2" ceilings

UL LISTED Made in USA =

BOX EXTENDERS

EXTENDS SET BACK BOXES UP TO 1-1/2 INCHES

Arlington’s UL/CSA Listed Box Extenders
extend set back electrical boxes up to 1-1/2".

Made of heavy-duty, non-conductive plastic,
they level and support wiring devices,
protecting wires against

damage and stripping.

BE1R for round or BE4 BE3 '
octagonal boxes, the |
single-gang (BET), f

two-gang (BE2) for all i

standard devices, switches and GFCls and

three- and four-gang box extenders for multiple gang boxes!

Try them all, including our ‘Larger Flange” one-, two-, three- and four-
gang styles, for the safe, easy way to obtain
Listed installations in set back boxes!

Larger
Flanges

BE1 BE1X ‘
Product info http://wwwe.aifittings.com/landing/box-extenders/
. Patented
Arllngton® 800/23. 9 WWW.aiﬁ“ings.cOm a2§1n8 irlinglon Industries, Inc.
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—( NEW PRODUCT SHOWCASE e
Safety Equipment and Workwear

Headlamp

The industrial-grade VIZZ series headlamps are designed to provide powerful,
lasting, reliable, hands-free illumination to increase operator safety and produc-
tivity in a variety of conditions. The product features an IPX7 waterproof rating,
lightweight design, and two separate modes (flood and spot) that can be easily

switched between with the push of a button. In addition, the series has dimming capability
and comes with an industrial headlamp kit with a nylon head strap, a rubber hard hat strap, and dou-

ble-sided velcro to affix the light to a helmet. It is offered in two distinctive headlamp models: the VIZZ Il and VIZZ IND.
Princeton Tec

Ventilation System

The company’s ventilation system in this arc flash PPE suit features a Kydex shell and
runs on AA batteries for 6 hr, reaching 35 CFM. The ventilation system improves comfort
by increasing the amount of airflow in the suit. Additionally, the the lift-front face shield
is integrated into the hood. The hood completely covers a users head and is worn over a
hard hat with a headlight available on the top.

Cementex

Work Shoes

The company introduces its line of steel toe and safety sneakers and boots as
well as casual leather high-top sneakers. The steel toe, puncture-resistant
boots are available in black or brown and are available for men and women.
The line also includes the Sports steel toe, a high-top safety sneaker that is
anti-slip, anti-static as well as puncture resistant; the Future, a sporty steel-toe sneaker
that is made from breathable cotton and has a sturdy sole; and the Signature, a classic
leather high-top sneaker.

Ed Hennings Co.

Work Boots

The Wedge collection includes the AMP LT Wedge, a classic 10-in. wedge boot. The upper is crafted from
SPR leather, making it abrasion resistant and durable against chemicals and acids. The counter lock
system on the heel of this pull-on boot acts as both a heel-stabilizer to prevent heel slippage and a protec-
tant for kicking your boot off using your other foot. The Wedge line also includes AMP LT Power Wedge, a
heat-resistant 8-in. work boot with performance features such as a chemical-resisting leather upper
with a Tec-Tuff leather vamp and reflective accents.

Georgia Boot

52 EC&M May 2023 « www.ecmweb.com


http://www.ecmweb.com

ARLINGTON
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8418 for 1000 Mcm wire and TECK90

Catalog
Number

8412
8413
8414
8415
8416
8417
8418

NEW

Made in USA =

LOW COST - ZINC

THAT FIT SEVERAL CABLE SIZES

Save time and money! Arlington’s low cost MC cable fittings, for dry locations
only, are super-convenient and cost-effective. End stop bushings vary the size
of the opening so ONE trade size fits several cable sizes!

Changing end stop bushings is fast and easy. No need to remove the strap.
Insert the bushing that works the best with the cables you're installing.

Reduce inventory -
Costs much less than steel
and malleable iron fittings

Built-in end stop

Trade Cable 0.D. Wire Bundle 0.D. | Conductor size o
Size Min Max Min Max # of Conductors* (AWG/KCMIL)

1" .780  1.120 | .660 1.000 | 6/3,6/4, 4-3, 4-4, 2-3, 2-4, 1-3
1-1/4" | 1.000 1.460 .870 1.370 | 2-8, 2-4, 1-3, 1-4, 1/0-3, 1/0-4, 2/0-3, 2/0-4, 3/0-3
1-1/2" | 1360 1.770 | 1.250  1.590 | 2/0-4, 3/0-3, 3/0-4, 4/0-3, 4/0-4, 250-3, 250-4

2" 1.700 2.200 | 1.550  2.050 | 250-4, 300-4, 350-3, 350-4, 500-3
2-1/2" | 2100 2.700 | 1.950  2.400 | 500-3, 500-4, 600-3, 600-4, 750-3

3" 2500 3.300  2.350 3.000 = 600-4, 750-3, 750-4
3-1/2"| 3.300 3.600  3.031 3.500 | 750-3, 750-4, 1000-4

* Examples of 3- and 4-conductor cables accommodated.

Patented

7

'8 Arlington°

800/233-4717

Product info ai |ttings.cony anding/8412

installation.
The box adjusts to
fit wall thicknesses
from 1/4" to 1-1/2".
Mounting wing screws
hold it securely in place.
X i ) FB442
* 2-Hour Fire Rating Super-secure installation! 13.4
* Low voltage side Our lowest cost, L-shaped cu. inch |
has a combo fe_m/ﬂxture box mounts to /
1/2" and 3/4" KO sw_xgle or d(_)uble joists
:\r::;alle;: for raceway with a captive center screw. y P |
cable : » For 1/2" or 5/8" a
il « Includes NM No loose parts! Installation ' Ay
cable connector screws ship captive, ready + Fast, easy installation ¢
(power side) g to install box and bracket. - Locator posts assure proper £
- g ™ Patented positioning of fan/fixture B
LVDR2 productinto Lo Byl 2 @ bracket 5
aifittings.com/ < . . . £
Patented landing/ s Product info 2-hour Fire Rating <
combo-boxes = aifittings.com/landing/joist-mount-fan-fixture-hox g
. N ) @ . . g
Arlington° 800/233-4717 g Arlington® LUTPEEET VA www. aifittings.com [

COMBO BOX

POWER & LOW VOLTAGE Made in Ush =

LOWEST COST » L-SHAPED

FAN/FIXTURE BOX

SECURE MOUNTING TO SINGLE, DOUBLE JOISTS
. ' &

FOR RETROFIT PROJECTS

This convenient combo .
box has power and low F~ 1 l L
voltage openings fixtyres/S/

in the same box for ?
a neat, time-saving
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NEC Requirements
for Switches

Don’t let switch-related Code violations
darken your reputation.

By Mike Holt, NEC Consultant

Switches

404.1 Scope

0000
9900)

o E

Copyright 2020, www.MikeHolt.com

Article 404 applies to all types of switches,
switching devices, and circuit breakers.

Fig. 1. The scope of Art. 404 can be found in Sec. 404.1.

he requirements of Art. 404

apply to all types of switches

including snap (toggle)

switches, dimmer switches, fan
switches, knife switches, circuit break-
ers, occupancy sensors, and automatic
switches, such as time clocks and timers
[Sec. 401.1] (Fig. 1).

SWITCH CONNECTIONS
When wiring 3-way or 4-way switches,
only the phase conductors can be
switched [Sec. 404.2(A) and (B)]. As
a conductor for switching purposes
(switch leg), you can use a permanently
reidentified white conductor within a
cable [Sec. 200.7(C)(1)].

Switches controlling line-to-neutral
lighting loads must have a neutral con-
ductor installed at all switches serving
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bathroom areas, hallways, stairways,
and habitable rooms or occupiable
spaces as defined in the building code
[Sec. 404.2(C)]. Where 3-way and 4-way
switches are visible in a room, only one of
the switches requires a neutral conductor.

You don’t have to install a neutral
conductor at lighting switch locations
under any of the following conditions:

(1) Where conductors enter the box
enclosing the switch through a raceway
with enough cross-sectional area to
accommodate a neutral conductor.

(2) Where the box enclosing a switch
can be accessed to add or replace a cable
without damaging the building finish.

(3) Where snap switches with integral
enclosures comply with Sec. 300.15(E).

(4) Where the lighting is controlled
by automatic means.

—CODEBASICS oo

(5) Where switches control receptacles.

A neutral conductor must be installed
for any replacement switch that requires
line-to-neutral voltage [Sec. 404.22] to
operate the electronics of the switch in
the standby mode.

Exception: A neutral conductor is
not required for replacement switches
installed in locations wired prior to the
adoption of Sec. 404.2(C) where the
neutral conductor cannot be extended
without removing finish materials. The
number of electronic lighting control
switches without a neutral conductor on
a branch circuit cannot exceed five, and
the number of switches connected to any
feeder cannot exceed 25.

SWITCH ENCLOSURES
Switches and circuit breakers must be
mounted in an enclosure listed for the
intended use [Sec. 404.3(A)].

Switch or circuit-breaker enclo-
sures can contain splices and taps if
the conductors, splices, and/or taps do
not fill the wiring space at any cross-
section to more than 75%. Switch or
circuit-breaker enclosures can have
conductors feed through them if the
wiring does not fill the wiring space
at any cross section to more than 40 %
per Sec. 312.8 [Sec. 404.3(B)].

Any surface-mounted switch or cir-
cuit breaker in a damp or wet location
must be installed in a weatherproof
enclosure [Sec. 404.4(A)]. A flush-
mounted switch or circuit breaker in
a damp or wet location must have a
weatherproof cover [Sec. 404.4(B)].

Switches must not be installed within
tub or shower spaces unless installed as
part of a listed tub or shower assembly
[Sec. 404.4(C)].
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ARLINGTON

SECURE, JOIST-MOUNT INSTALLATION

Made in USA E

FAN/FIXTURE PAN BOX

FOR 1/2" OR 5/8" DRYWALL WITH FURRING STRIPS OR HAT CHANNEL

Arlington’s convenient fan/fixture pan box
works with 1/2", and single

or double 5/8" drywall —

on furring strips or hat channel.

+ Easy mounting in new work

* Fan bracket installation screws
ship captive until ready for use

. FB412
Captive fan bracket '  Secure joist-mount installation
installation scre « 14.4 cu. in. UL/CSA Listed

= =
e

UL rated

™ 70 Ib fan < 200 Ib fixture
CSA _ FB412 with 5/8"
50 Ib fan/fixture - double drywall

Arlingt0n® 800/233 * www.aifittings.com @ (SP:” Patented ©2017 Arlington Industries, Inc.

Made in USA E

ADJUSTABLE * NON-METALLIC - 2-HOUR FIRE RATING

IN/OUT. BOX for Fans & Fixtures

EASY TO INSTALL... IN NEW CONSTRUCTION

Arlington’s IN/OUT™ fan/fixture boxes N

adjust up to 1-1/2" to accommodate varying S

ceiling thicknesses, like single or double

drywall. FBA426 is Listed for fans up to

70 Ibs; fixtures up to 100 Ibs.

* Pre-set for 1/2" ceiling — depth
adjustment screw positions the box

— flush with the ceiling after it’s in place
: - + Complies with 2020 NEC, 314.20
racke:

= o for set back boxes

aie/it screws ¢ * (4) screws attach box securely
Fan/SIy ship captive — to joist in new work

21.0cui o '

: 0 * 2-Hour Fire Rating
‘I Patented
dl .

= 1 Cutaway: Box set back
= L 200 = in double drywall
4 cuin .
E FA426 I 2 Install ceiling.
= - If necessary use depth
§ for ey adjustment screw to
2 Fixtures only position box flush with
= Depth up to 50 Ibs ceiling.
3 adjustment
& screw

Ry b @ [=] 14, =]
e R s :
800/23 * www.aifittings.com Product info aifittings.com/landing/fha426 [=]4f:

Arlington°



http://www.aifittings.com
http://www.aifittings.com
http:/aifittings.com/landing/fba426

—CODEBASICS oo

Code

This e-newsletter, published
twice-monthly, is dedicated
to coverage of the National
Electrical Code. The content
items are developed by three
well-known Code experts.

Code

Address changes in the Code

Explain how to properly

apply the Code

Test your knowledge of the

Code

Provide information on
upcoming Code-related
seminars and shows
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www.ecmweb.
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INDICATING

Switches and circuit breakers must be
marked to indicate whether they are in
the “on” or “oft” position [Sec. 404.7].

This is typically accomplished by
marking on the toggle of the switch itself
or by indicative labeling. If you find a
switch not so marked, chances are it is a
3-way or 4-way switch, which can be on
or off in either the up or down position.

When the switch is operated verti-
cally, install it so the “up” position is the
“on” position [Sec. 240.81].

Exception No. 1: Double-throw switches,
such as 3-way and 4-way switches, are not
required to be marked ‘on” or ‘off”

Circuit breakers used to switch
fluorescent lighting must be listed
and marked “SWD” or “HID” Circuit
breakers used to switch high-intensity
discharge lighting must be listed and
must be marked “HID” [Sec. 240.83(D)].

ACCESSIBILITY AND GROUPING
Switches and circuit breakers must be
operable from a readily accessible loca-
tion with the center of the grip of the
operating handle, when in its highest
position, not more than 6 ft 7 in. above
the floor or working platform [Sec.
404.8(A)]. There’s no minimum height
for switches.

Exception No. 1: On busways, fus-
ible switches and circuit breakers can be
located at the same level as the busway
where suitable means is provided to oper-
ate the handle of the device from the floor.

Exception No. 2: Switches and circuit
breakers can be mounted above 6 ft 7 in. if
they are next to the equipment they supply
and accessible by portable means.

Snap switches are not permitted to
be in enclosures with other switches
or receptacles if the voltage between
adjacent devices exceeds 300V, unless
the devices are installed in enclosures
equipped with barriers identified for
the purpose that are securely installed
between adjacent devices [Sec. 404.8(B)].

GENERAL-USE SNAP
SWITCHES, DIMMERS, AND
CONTROL SWITCHES

Faceplates for switches, dimmers, and
control switches must completely cover
the outlet box opening, and where flush
mounted, the faceplate must seat against
the wall surface [Sec. 409(A)].

The metal mounting yokes for
switches, dimmers, and control
switches/metal faceplates must be
connected to the circuit equipment
grounding conductor [Sec. 409(B)].
Use one of these methods:

(1) Metal boxes. The switch yoke is
secured with metal screws to a metal box
or a metal cover that is connected to an
equipment grounding conductor [Sec.
250.109]. The metal faceplate is secured
with metal screws to a switch that is
connected to an equipment grounding
conductor [Sec. 250.109].

(2) Nonmetallic boxes. The switch yoke
must be connected to the circuit equip-
ment grounding conductor. The metal
faceplate is secured with metal screws to
a switch that is connected to an equipment
grounding conductor [Sec. 250.109].

Exception No. 1: Where no means
exists within the box for bonding to an
equipment grounding conductor — or if
the wiring method at the existing switch
does not contain an equipment ground-
ing conductor — a switch without such
a connection to the equipment grounding
conductor is permitted for replacement
purposes only. A switch installed under
this exception must have a faceplate that
is nonmetallic and noncombustible with
nonmetallic screws, or the replacement
switch must be GFCI protected.

Exception No. 2: Listed assemblies are
not required to be bonded to an equip-
ment grounding conductor if all the
following conditions are met:

(1) The device has a nonmetallic face-
plate and the device is designed such that no
metallic faceplate replaces the one provided,

(2) The device does not have a mount-
ing means to accept other configurations
of faceplates,

(3) The device is equipped with a non-
metallic yoke, and

(4) All parts of the device that are
accessible after the faceplate is installed are
manufactured of nonmetallic material.

Exception No. 3: An equipment
grounding conductor is not required for a
snap switch with an integral nonmetallic
enclosure complying with Sec. 300.15(E).

General-use snap switches, dimmers,
and control switches mounted in boxes
that are set back from the finished sur-
face must be installed so the extension
plaster ears are seated against the surface
[Sec. 404.10(B)].
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ARLINGTON

ONE-PIECE. SAVES TIME - LOOKS GREAT! Made in USA =

RECESSED IN BOX®

LOW PROFILE, EXTRA DUTY COVER » TWO STYLES for 1-1/2" and Foam Wall Systems

One-piece IN BOX®, the recessed electrical
box for exterior use, eliminates installing an
electrical box and bubble cover assembly,
so you save big on labor and materials.

IN BOX installs in the wall —

so less shows outside. Fewer parts
to handle. Time savings. A great-
looking job with Arlington’s IN BOX! “S 3\%\\\\“

0 peato

* Non-metallic, 22.0 cu. in. box with
EXTRA-DUTY weatherproof-in-use
clear or white cover

* Accepts single-gang devices; @ Built-in FIXED FLANGE

H\ — no gaskets required
Fits ANY foam board o N - 3 For 1-1/2" wall systems,
on 2-3/4"to 5" wall or d N\ IN BOX MEETS including foam.

© 2011-2015 Arlington Industries, Inc.

custom stucco finishes W 2020 NEC Eliminates '
1/4" to 2-1/2" thick. o Section 406.9 separate
Adiv t\\ for protection of ¢ ashin
d | exterior outlets 9-
which require
™ the use of
DBVMA1 w extra-duty \
white cover weatherproof-in- - <
use cover for all
Product Info aifittings.com/landing/db-series outdoor 15 or 20 DBVMETW
AN e centadlon: white cover
3 ® o eptacles.
Arlington 800/233 * www.aifittings.com S

'_-_,¢ ot 5 Patented/Additional patents pending

Made in USA :E

QUICKLATCH-

EASIER TO USE THAN A PIPE HANGER

Patent pending

Pre-installed
strut clip for
faster installation
on strut

Stainless
steel
screw
UV rated
for use
outdoors
PRESS PIPE
Extra-duty A
one-piece design into QU'CKLATCH.
g |

Listed for U DON E! T
environmental air handling spaces U s

g sp c\’L)us [= SAVES A

20 SECONDS

™

P

© 2020, 2022 Avington |

1/2" NM3105 for RIGID, IMC, PVC — NM3100 for EMT per Installation!

3/4" NM3115 for RIGID, IMC, PVC — NM3110 for EMT

1" NM3125 for RIGID, IMC, PVC — NM3120 for EMT -about 33¢ each

at $60/hr labor!

Arlington® 8002 * www.aifittings.com Info aifittings.com/landing/quicklatch_series
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Mounting of Snap Switches
Dimmers, and Control Switches
404.10(B) VIOLAION

Screws used for the purpose of attaching a device to a
box must be of the type provided with a listed device, or

be machine screws having 32 threads per inch.

Copyright 2020
www.MikeHolt.com

VIOLATION

Fig. 2. The NEC requirements for mounting snap switches, dimmers, and control

switches are outlined in Sec. 404.10(B).

Screws used for the purpose of
attaching a device to a box must be of
the type provided with a listed device
or be machine screws having 32 threads
per inch or part of listed assemblies or
systems, per the manufacturer’s instruc-
tions (Fig. 2).

In walls or ceilings of noncombus-
tible material (such as drywall) boxes are
not permitted to be set back more than
Y in. from the finished surface. In com-
bustible walls or ceilings, boxes must
be flush with, or project slightly from,
the finished surface [Sec. 314.20]. There
must not be any gaps more than % in. at
the edge of the box [Sec. 314.21].

Metal enclosures for switches and
circuit breakers must be connected to
an equipment grounding conductor of
a type recognized in Sec. 250.118 [Sec.
250.4(A)(3)]. Where nonmetallic enclo-
sures are used with metal raceways or
metal-armored cables, they must comply
with Sec. 314.3 Exception No. 1 or
Exception No. 2 [Sec. 404.12].

SNAP SWITCH RATING AND USE

General-use snap switches must be
listed and used within their ratings as
indicated [Sec. 404.14]. The alternating
current types can control the types of
loads listed in Sec. 404.14(A)(1) through
(5). For example, a snap switch can con-
trol motor loads not exceeding 80% of

the ampere rating of the switch at its
rated voltage [Sec. 404.14(A)(4)].

General-use dimmer switches can
control only permanently installed
incandescent luminaires unless listed for
control of other loads [Sec. 404.14(E)].

Other electronic control switches,
such as timing switches and occupancy
sensors, can control only permanently
connected loads. Use these only for loads
that do not exceed their ampere rating at
the voltage applied.

KEY TAKEAWAYS
While Art. 404 provides detailed require-
ments, the gist of all those can be stated
in these three points:

1. Use the correct switch for the
application.

2. Install per the NEC requirements
for that switch in that application.

3. Install with good workmanship.

This last point includes such things
as not having big gaps around a panel
or wall mounted switch, mounting it
straight, and mounting it right side up.
Always ask, “Did I do a professional-
looking job?” If not, it probably doesn’t
meet Code. EC&M

These materials are provided by Mike
Holt Enterprises in Leesburg, Fla. To view
Code training materials offered by this
company, visit www.mikeholt.com/code.
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Stumped by the Code?

By Mike Holt, NEC Consultant

Flush-Mounted Box Installations
Noncombustible Material

314.20

Drywall

Copyright 2023, MikeHolt. com

Maximum of 1/4 in. From
the Finished Surface

Installation within walls or ceilings that are constructed
of noncombustible material must have the front edge of
the box, plaster ring, extension ring, or listed extender
set back no more than Y in. from the finished surface.

Fig. 1. The NEC requirements for flush-mounted box installations can be found in

Sec. 314.20.

All questions and answers are based on
the 2023 NEC.

Q. What are the NEC requirements
related to flush-mounted boxes?

A. The NEC requirements related to
flush-mounted boxes can be found in
Sec. 314.20.

Noncombustible Walls and Ceilings.
Installation within walls or ceilings fin-
ished with a noncombustible material
must have the front edge of the box,
plaster ring, extension ring, or listed
extender set back no more than % in.
from the finished surface (Fig. 1).

Combustible Walls and Ceilings.
Installation within walls or ceilings
constructed of wood or other combus-
tible material must have the front edge
of the box, plaster ring, extension ring,
or listed extender extend to, or project
out from, the finished surface.

Author’s Comment:

o Plaster rings and extension rings
are available in a variety of depths to

meet the above requirements.
o Final finished surfaces (such as
backsplashes and tile) may need the use

of listed extenders to meet the require-
ments of this section.

Q. What are the NEC requirements
when boxes are installed in noncom-
bustible surfaces?

A. The NEC requirements for this
installation are found in Sec. 314.21.

Gaps around boxes that are recessed
in noncombustible surfaces (such as
plaster, drywall, or plasterboard) must
be repaired so there will be no gap
greater than % in. at the edge of the box
(Fig. 2).

Author’s Comment: Other examples
of noncombustible surfaces include
ceramic wall tile, ceramic or marble floor
tile, brick, cinder block, and other types
of masonry or stone. All these examples
are subject to the requirements of Sec.
314.20 and Sec. 314.21. EC&M

These materials are provided by Mike Holt
Enterprises in Leesburg, Fla. To view Code
training materials offered by this company,
visit www.mikeholt.com/code.

Boxes, Repairing Noncombustible Surfaces

314.21
‘ @ " VIOLATION
| ™~Gap Over
‘ o gin.
|\ Maximum
18 in. Gap

Copyright 2023, www.MikeHolt.com

Gaps around boxes with flush-type covers
recessed in noncombustible surfaces must
be repaired so there will be no gap greater
thani/s in. at the edge of the box.

Fig. 2. The rules for boxes installed in noncombustible surfaces are found in Sec.

314.21 of the NEC.
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Illustrated Catastrophes

By Russ LeBlanc, NEC Consultant

All references are based on the 2023 edition of the NEC.

CORROSION OF CONFORMITY

This photo shows us an excellent example of why Sec.
300.6 exists in the Code. That Section requires, among other
items, raceways, cable armor, boxes, fittings, supports, support
hardware, cabinets, boxes, and other enclosures to be made of
materials suitable for the environment where they are installed.
For ferrous metal equipment, Sec. 300.6(A) requires these items
to be protected against corrosion on the inside and outside by
an approved corrosion-resistant coating. Whatever coating was
used on this equipment did not seem to fare very well. Rust has
eaten away the bottom of the disconnecting means to the point
where the raceway has completely separated from the enclo-
sure, leaving the conductors exposed to being damaged from
the jagged edges of the rusty metal enclosure. Rain and mois-
ture can now easily enter the meter socket enclosure, increasing
the risk of shock and fire. The rays of the sun can also wreak
havoc with the exposed conductor insulation too. The lack of
electrical continuity and mechanical connection between the
raceway and enclosure now violates Sec. 300.10 requirements
along with many bonding and grounding requirements in Art.
250. I don't think either of these enclosures comply with the
requirements in Sec. 312.2 anymore.

VENDING MACHINE VIOLATIONS

I spotted this contraption behind a vending machine on the
outside of a local store. The vending machine power supply cord
is the black cord with the orange cord cap. I'm not sure where
the orange cord with the yellow cord cap is going, but I do know
there are a few concerns here. First is the receptacle power tap
installed in this outdoor wet location. I'm fairly certain that type
of equipment is not rated for use in this wet location. Section
406.9(B) requires 15A and 20A, 125V and 250V receptacles
installed in wet locations to be installed in an enclosure that is
weatherproof with an attachment plug cap inserted or removed.
This enclosure does not comply with that requirement. The cord
caps on the power supply cords do not appear to be types that
are rated for use in this wet location either. Installing and using
listed or identified products without following instructions is a
violation of Sec. 110.3(B). Installing power supply cords, cord
sets (extension cords), flexible cords, or flexible cables in race-
ways is generally prohibited by Sec. 400.12(6), unless specifically
permitted elsewhere in the Code. One example of this is wet
niche lights for swimming pools where the cord is run from
the forming shell, through a raceway, and to a swimming pool
junction box as specified in Sec. 680.23(B).

e

e
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Introdu
Bonding and Grounding Program

Learn what’s new for Bonding and Grounding ERH.'}}.".}%.?&;" 2

in the 2023 NEC* 8 A

B Deep dives into Article 250 & all related code sections
® Hundreds of detailed, full-color graphics illustrate the concepts

B Explains the difference between bonding and grounding

B Video panel of experts discuss how and why electrical systems
must be built to fail safely

2023 Bonding and Grounding Video Program

INCLUDES:
Bonding and Grounding Textbook
* Bonding and Grounding videos

Digital answer key

...as for me and my house, we will serve the Lord.” [Joshua 24:15]

Product Code: [23BGMM]

Plus! A digital version of the book
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By Russ LeBlanc, NEC Consultant

ow well do you know the Code? Think you

can spot violations the original installer either

ignored or couldn’t identify? Here’s your chance

to moonlight as an electrical inspector and
second-guess someone else’s work from the safety of your
living room or office. Can you identify the specific Code
violation(s) in this photo? Note: Submitted comments must
include specific references from the 2023 NEC.

Hint: Janitor’s closet crisis

— ‘TELL THEM WHAT THEY’VE WON..) —
Using the 2023 NEC, correctly identify the Code violation(s)
in this month’s photo — in 200 words or less — and you could
win an Arlington Industries 18-in. Slider Bar and plastic
box for mounting between studs with non-standard spacing.
E-mail your response, including your name and mailing
address, to russ@russleblanc.net, and Russ will select three
winners (excluding manufacturers and prior winners) at
random from the correct submissions. Note that submissions
without an address will not be eligible to win.

Our winner this month was Michael Anders, an ECéM reader from Charlot-
tesville, Va. He was able to correctly cite some Code concerns with this installation.

Securing NM cables to an electrical metallic tubing (EMT) raceway is gener-
ally going to be a violation of Sec. 300.11(C). Raceways can be used as a means of
support for cables, where the raceway contains power supply conductors for electri-
cally controlled equipment and is used to support Class 2 or Class 3 circuit cables
that are solely for the purpose of connecting to the equipment control circuits.

Another concern I have is whether NM cables should be installed here
at all. This is the entrance to a boiler room for an apartment building, and
it seems to me that the NM cable is installed in a high-traffic area where the
cable may be exposed to physical damage. This exposed installation violates
requirements found in Sec. 334.15. One more concern is the use of NM cables
in a building with walls and ceilings constructed of metal mesh and plaster.
While not specifically a violation, the metal mesh often has jagged and sharp
edges that could easily damage unprotected NM cables where cables penetrate
those surfaces. I've seen this happen several times.

SL1B18 SINGLE GANG KIT

-N|
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> FIBERGLASS'

SUCGCESS IN DATA
CENTER PROJECTS

Our electrical conduit helps data centers keep

the information flowing.

> No burn-through eliminates elbow repairs

> Low coefficient of friction allows for smooth pulls
> Fault resistance makes repairing cable easy

> Available with lower material and installation costs
> Corrosion resistant
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