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General Rules for
Construction
Electrical Safety

MAJOR FROTECTIVE METHODS FROM
ELECTRICAL HATARDS

Protection from elecmical hazards genemally inchides
the following methods:

1. DISTANCE: Commaonly used with regard to
power lmes.
1 I[SOLATION AND GUARDING: Eestricting

aoress, conmoenly used with high voltage power
dismibion equipment.

ENCLOSURE OF ELECTRICAL PARTS: 4
major concept of elecmical winnog in peneml e g,
all connections ars mads in a box.

GROUNDING: Required for 21l non-coment
carmying exposed metl parts, unless isolated or
paarded as abowe. (However, corded tools may be
aﬂlergra:m:;h:’ OR be double-mmiated )

5 INSULATION: Intact msulation allows safe han-
dling of everyday electrical equipment, including

corded toks. Category also mckudss insulared
mais and slesves.

4. DE-ENERGIZING AND CROUNDING: Pro-
tective method used by electmical wnlines and alse
in conjunction with elecmical lockout'tagou.
FPERSONAL FROTECTIVE EQUIFMENT
(PFE): Usmg insulated gloves and other apparel
to wark on ensrgized equipment, limdted to quals-
fied and trained persorme] working under very
limited ciromstances.

et

=

Effects of Electric Current
in the Human Body

" Current / Reaction
{1,000 miliiempares = | amp; thergfbrs,
15,000 miiliomperes = 15 amp circuit)
Below 1 milliampere
Generally not perceptible

1 milliampere
Faint tingle

5 milliampere
Slight shock fislt, not painful but disnrbing.
Average individual can let zo. Soong invelon-
tary reactions can lead to other injuries.

6-25 milliamperes (women)
Painful shock, loss of musoular control

2-30 milliamperes (men)
The feezing cumment or ” let-go” range. Indi-
vidual cannot Jet go, but can ba thrown away
from the circuit if extensor musclss are somu-
lared.

50 150 mlliamperes
Extreme pain, respioratory arrest, $evVers muscu-
lar conractions. Death is possible.

1,000 - 4 300 milliamperes
Fhythmic pomping action of the heart ceasas.
Muscular contraction and nerve damage ooour;
death likely

10, M) milliamperes
Cardiac amest, severs burns; death probable
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Electrical Safety Overview

1. CORD AND PLUG OFERATED slaciric tools with
axposed matal parts pmst havo 2 shree-prong grownaing plug —
AND ke gronnded — or sl ba double-smeulmted.

1 EQUIPMENT GROUNDING aniy works when there s
@ permaneny and continuous elecrond conmection berecen e
sl shell of @ wool and dhe cardy.

3. PROFER FOLARITY IN ELECTRICAL WIR-
ING IS IMPORTANT: Jior to bor. nesarai i mewreal

quipamers ground fo cquipmers ground. Polavized plugs have o
wider mewiral Blade 20 mamiatn correst polarisy. Reversed
poladly cam Bil
4 CIRCTUITS MUST BE EQUIFFED WITH EUSES
OF CIRCUIT BREAKERS &0 proiccr against damgerous
overloads Fuses mieli, while cinosdr breakers orp o mem off
oaerre [k @ rwiich. Gvercirrent profection devices prodect
wirfmy and gl from everleadng and ffres Ty moy

OF FTY BOL PFGRACT POu.

5 MOST 120 VOLT CIRCUTTS are wired s defiver up
i 1§ o 20 awps of carree. Currents of 3 — 100 milfamperes
oo kil yows ¢ mAd = L7 000 af | Amp )

6. WET CONDITIONS LOWER SEIN RESIS-
TANCE, allmwing more curren to flow through your body
Carrernar above 75 milliamps can cause vemdrdicular flrillation,
wilttoh may be fawal. Seventy of o shock depends one park of
carrers, awsounr of current, duration af curres, voltags kel
exoisiure and your general hoalth.

7. A GROUND FAULT CIRCTUIT INTEEEUFTER
{GFCT) protects from a ground-faelt, the most common sbec-
mical bazand GFCT: datect difersnces in careat Sow batwesn
bet and neetral. They trip whea there is comet leskage —smch
s through 2 parson — of about § milliameares and thay act
within 140 of 2 second. Test 2 GFCT every time you nse it. It
omst “Trip” and it must “Rasat.”

2. EXTENSION CORD WIRES MUST BE HEAVY
ENOUGH for the amoust of current they will carmy. For
comstroction, they must be UL approved, have strain relied and a
3-promg grousding phng, ba durabls, 2=d e rated for kard or
wrma-hand wsaps.

o OVERHEAD POWER LINES CAN ETLL. Tee
thres pmajor ptheds of protection ars: madintrining 3 s dis-
amee, de-emergisng AND prounaieg Imes, hecing the powar
compamy install eularieg sleeves. Have a power compamy rop
oo tha site.

1. UNDERGROTUND POWER LINES CAN EILL.
Call badfoms you dig so locats all underground cables. Hand dig
within thres foot of cable location!

General Rules for Electrical Work

Nor-conductive FPE is essental for eleciricions. NO
METAL PPE! Class B hard hats provide the highest
level af proveciion against elecrical hagards, with
high-voltage shock and burm procecion (up fo 10,000
volis). Elecmical hagard, sqfeq-toe shoes are morcon-
ductive and will prevent the wearers' feet from com-
pleting an elecrical circuit fo the ground

EBe alert fo electrical hagards, especially when workimz
with ladders, seqffolds and ocher plogforms.

Never bypars elecirical prodeciive systems or devices.

Dizcomnect cord foels when not in use and when
changing hlades, bits or other accessories.

Tmspect all seals befors use.
Use ondy grounded extension cords.

Remove damaged tools and damared exfension cords
from use.

Epep workimg spaces and walkways elear of elscirical
conds.

RULES FOR TEMPORARY WIRING
AND LIGHTING

[se Gronnd Foult Cirenit fntermupiers (GFCTs) on all
15-Amp and 20-Amp t=mporary winng ciromts.

Proseet temperary fghts fom contact and damage.

Dr't suspend rempaorary lighss by cords, unless the
temparary light is so desizned

Condensed Electrical Glossary

AMPERE OR AMP: The unit of slectrical curnem {fow of
slocirons). @ Ono militamy () = 171,000 of 1 Amp.
CONDUCTORS: Masrals, such a: metals, in which alecti-
cal coreat can flow.

ELECTRICAL HATARDS cax rosult in various effects on
the body, incleding: ® SHOCEK - The physical sffacts camsed
by slectric curmant Howing in e body. ® ELECTROCUTION
— Elscmical shock or malated slectmical affect resultng in death *
BUENS — Otften occwring on the hands, tharmml dimags &
tissue can ko comsed by the fow of curvens I the bady, Ty aver-
hearing of impropsr or dansaged electrival compoments, oz by an.
e flash » FALLS — A common affect, sonwtimes caused by
tha bady's reaction to an electrical curment. A nos-fanl shock
may sometimes resilt in a fatal fall wien a pemon s working om
an alevamd surfacs.

EXPOSED LIVE FARTS: Ensrgived slectrical compoments
mot proparty enclowed in a box or otherwie folsted, sach that
worken cam touch them and bo shodied orkilled. Soma of the
common hasards incloede: mising knockouts, wmed opanings in
cahinets and missing covers. Covers mmst not bs removed from
wining or breaker boxes. Any meuing covers mrmt be replaced
with approved covarn.

INSULATORS: Mawrials with kigh slactrical resistanza, so
slocmical coreat can’t flow.

LOCEOUT TAGOUT: Ths common nams for an OSHA
standard, “The coniral of hazardows encrgy fockoss fSagow).
Lackews is a means. of controlizg snergy deming repoasns and
mariszancs of equipment, wharehy soergy souTces are de-
encrgized, 1sodated and then lecked our to pevent emadi st
wp of equipswent which would sndengar wockers. Lockour in-
chades —but is oot Hmited to — % control of slectrical ensagy.
Tapour e the placizg of waming tags to alart otber wozkers
to the presence of squipmant St kas been locked out. Tags
alozss DO WOT LOCE OUT squipment Tispewt i most gfective
when dene in addition fo lockout.

OHM or £3: The wit of elecorical resisiance (opposition to
curmant flowr).

OHAS LAW: A pathamatical sxprecsion of the mlationabip
among witage (volt), curres (amps) and resmamee (oo
‘Thhis is often coproused as- £ =Ix ./ In this cana, £ =volis, /=
anps and & = obms. (The equation, Amps = Veolts'Ohme, a5 med
in this curricubem, is ens forme of Ohee's L)

VOLT: The unit of clectromonve force fesf cansed by a dif
ference tn eleoocal charge or elecmical patennal batanan oze
podnt and anodher point. The presesce of veltaze & necessary
before currest can flow in 2 Sreud (i which curresr flows
from 3 source to a load — the squipesent using the slectricity —
and than back to it sourcs).

WET CONDITIONS: Fain, swsat, standing in 2 puddls — all
will decrsass the skin's electrical resistancs and incmeacs oot
Heowr through the body = the event of a shock. Have s qualified
elecirician mspect any electrical equipment that has setien
wet before emergizing it




Focus Four [Electrocution] Toolbox Talks 1:

What increases your risk of electrocution?

[Ask the following questions and give time for answers.]
What are the hazards? Bodily contact with electricity
What are the results? Shock, fire, burns, falls or death

What should we look for? Damaged equipment, faulty wiring, improper cord use, no GFCls, wet

conditions, reverse polarity, potential arc flash areas, lack of assured equipment grounding
conductor program

[Relate this incident or, better, one you know.]

Actual Incident: A 40-year-old male plumber died after lying on his work light while installing

plumbing under a house being remodeled. The victim was crawling under the house carrying the
work light with him. The wire inside the work light's conduit became bare and energized the light's
housing. Investigation of the incident showed a damaged work light was used with no GFCI. Also,
the home’s electrical system was not properly grounded.

[Ask the following question and ensure every item is covered.] ﬁsﬂﬂ-"
How do we prevent these results? |
O Inspect all electrical equipment before use.
o0 Use GFCI with all power tools. =
O Use intact and properly rated cords (i.e. correct AWG).
0 Do not use damaged equipment - take it out of service.
O Institute an assured equipment grounding conductor program.

o0 Do not work in wet conditions with electricity.

[Ask the following questions about this site and ensure every item is covered.]
Let's talk about this site now.
0 What factors increase your chance of being electrocuted?

o Can someone demonstrate how to inspect this tool for electrical
safety? (If possible, provide a tool)
o0 What are some areas on the site that could use attention pertaining
to electrical hazards?

[Record questions below that you want to ask about this site.]

Reproduction of material produced under grant number SH-16591-07-06-F-11 from the Occupational Safety
and Health Administration, U.S. Department of Labor. It does not necessarily reflect the views or policies of
the U.S. Department of Labor, nor does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government. Module 4, Electrocution Talk Number 1 I[UOE National
Training Fund « 304.253.8674 « www.iuoeiettc.org



Focus Four [Electrocution] Toolbox Talks 2:
What protective devices and procedures can you use to

prevent electrocution?

[Ask the following questions and give time for answers.]
What are the hazards? Bodily contact with electricity due to faulty equipment, ungrounded or
damaged equipment, wet conditions, etc.

What are the results? Shock, fire, burns, falls or death

What should we look for? Proper training in using engineering controls (e.g. GFCls, proper
cords), assured equipment grounding conductor written program, electrical testing meters
[Relate this incident or, better, one you know.]

American Wire Gaugs [AWG) |

Actual Incident: A 29-year- old male welder was electrocuted and died Cord 5128 Handlas Up
when he contacted an energized receptacle end of an extension cord. TS = :;
It was found that the welding unit and cord were incompatible; TG zsampa
however, both the welding cord and extension cord were damaged TG 5 P
allowing them to be used together. The result was an ungrounded amps
system that killed a worker. #1E AWG 13 amps
[Ask the following question and ensure every item is covered.]
How do we prevent these results?

0 Inspect all electrical equipment before use.

0 Use GFCI with all power tools.

0 Use intact and properly-rated cords (i.e. correct AWG).

0 Do not use damaged equipment - take it out of service.

O Institute an assured equipment grounding conductor program.

0 Use testing meters, where appropriate, if you are trained to do so.
[Ask the following questions about this site and ensure every item is covered.]
Let’s talk about this site now.

0 Can someone explain how a GFCI works? (If possible, provide a

GFCl to use). \) Ly

0 Who has read this site’s assured equipment grounding conductor ’

program?
0 What are some of the requirements?

[Record questions below that you want to ask about this site.]

Reproduction of material produced under grant number SH-16591-07-06-F-11 from the Occupational Safety
and Health Administration, U.S. Department of Labor. It does not necessarily reflect the views or policies of
the U.S. Department of Labor, nor does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government. Module 4, Electrocution Talk Number 2 [UOE National
Training Fund « 304.253.8674 « www.iuoeiettc.org



Focus Four [Electrocution] Toolbox Talks 3:

How can we prevent electrocutions while using power tools?

[Ask the following questions and give time for answers.]
What are the hazards? Bodily contact with electricity
What are the results? Shock, fire, burns, falls or death

What should we look for? Tools that aren’t double-insulated, damaged tools and
cords, incorrect cords, wet conditions, tools used improperly
[Relate this incident or, better, one you know.]

Actual Incident: A 45-year-old male electrician was electrocuted when he contacted

an energized 1/2” electric drill casing. The victim was working in wet conditions and
using a single insulated drill attached to damaged extensions cords run through water.

[Ask the following question and ensure every item is covered.]
How do we prevent these results?
0 Get proper training on manufacturers’ tool use and specs.
O Inspect tool before each use according to manufacturers’
instructions.
0 Do not use damaged tools, remove them from service.
0 Use only battery-powered tools in wet conditions.
o Use with GFCI.
0 Use with properly sized and intact cords.
[Ask the following questions about this site and ensure every item is covered.]
Let’s talk about this site now.
0 What can lead to an electrocution while using power tools? Non double-insulated tools,
damaged cord, wet conditions
0 Have you seen or used any defective power tool?
0 What should you do if you find a defective power tool?

[Record questions below that you want to ask about this site.]

Reproduction of material produced under grant number SH-16591-07-06-F-11 from the Occupational Safety
and Health Administration, U.S. Department of Labor. It does not necessarily reflect the views or policies of
the U.S. Department of Labor, nor does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government. Module 4, Electrocution Talk Number 3 [IUOE National
Training Fund « 304.253.8674 « www.iuoeiettc.org






OSHA 2485

Electrical Safety

Electrical hazards can cause burns, shocdks and
electrocution (death).

Safety Tips

* Assume that all overhead wires are energized at
lethal voltages. Never assume that a wire is safe to
touch even if it is down or appears to be insulated.

* Never touch a fallen overhead power line. Call the
electric utility company to report fallen electrical
lines.

* Stay at least 10 feet (3 meters) away from overhead
wires during cleanup and other activities. If working
at heights or handling long objects, survey the area
before starting work for the presence of overhead
wires.

« If an overhead wire falls across your vehicle while
you are driving, stay inside the vehicle and contin-
ue to drive away from the line. If the engine stalls,
do not leave your vehicle. Warn people not to
touch the vehicle or the wire. Call or ask someaona
to call the local electric utility company and emer-
gency services.

« Mever operate electrical equiprment while you are
standing in water.

= Mever repair electrical cords or equipment unless
gualified and authorized.

* Have a qualified electrician inspect electrical equip-
ment that has gotten wet before energizing it.

+ If working in damp locations, inspect electric cords
and equipment to ensure that they are in good con-
dition and free of defects, and use a ground-fault
circuit interrupter (GFCI).

« Always use caution when working near electricity.

For more complete information:

Occupational
SI_IA Administration
Administration

LLS. Department of Labor
www.osha.gov  (800) 321-05HA

OE WA ROl 05




What is the OSHA standard for
control of hazardous energy sources?

The OSHA standard for The Control of
Hazardous Energy (Lockout/Tagout), Title 29
Code of Federal Regulations (CFR)

Part 1910.147, addresses the practices and
procedures necessary to disable machinery or
equipment, thereby preventing the release of
hazardous energy while employees perform
servicing and maintenance activities. The
standard outlines measures for controlling
hazardous energies—electrical, mechanical,
hydraulic, pneumatic, chemical, thermal, and
other energy sources.

In addition, 29 CFR 1910.333 sets forth
requirements to protect employees working on
electric circuits and equipment. This section
requires workers to use safe work practices,
including lockout and tagging procedures. These
provisions apply when employees are exposed to
electrical hazards while working on, near, or with
conductors or systems that use electric energy.

Why is controlling hazardous energy
sources important?

Employees servicing or maintaining machines
or equipment may be exposed to serious physical
harm or death if hazardous energy is not
properly controlled. Craft workers, machine
operators, and laborers are among the 3 million
workers who service equipment and face the
greatest risk. Compliance with the lockout/
tagout standard prevents an estimated 120
fatalities and 50,000 injuries each year. Workers
injured on the job from exposure to hazardous
energy lose an average of 24 workdays for
recuperation.

How can you protect workers?

The lockout/tagout standard establishes the
employer’s responsibility to protect employees
from hazardous energy sources on machines and
equipment during service and maintenance.

FACT

The standard gives each employer the flexibility
to develop an energy control program suited to
the needs of the particular workplace and the
types of machines and equipment being
maintained or serviced. This is generally done by
affixing the appropriate lockout or tagout devices
to energy-isolating devices and by deenergizing
machines and equipment. The standard outlines
the steps required to do this.

What do employees need to know?

Employees need to be trained to ensure that
they know, understand, and follow the applicable
provisions of the hazardous energy control
procedures. The training must cover at least
three areas: aspects of the employer’s energy
control program; elements of the energy control
procedure relevant to the employee’s duties or
assignment; and the various requirements of the
OSHA standards related to lockout/tagout.

What must employers do to protect
employees?

The standards establish requirements that
employers must follow when employees are
exposed to hazardous energy while servicing and
maintaining equipment and machinery. Some of
the most critical requirements from these
standards are outlined below:

= Develop, implement, and enforce an energy
control program.

= Use lockout devices for equipment that can
be locked out. Tagout devices may be used
in lieu of lockout devices only if the tagout
program provides employee protection
equivalent to that provided through a lockout
program.

= Ensure that new or overhauled equipment is
capable of being locked out.

= Develop, implement, and enforce an effective
tagout program if machines or equipment are
not capable of being locked out.



= Develop, document, implement, and enforce
energy control procedures. [See the note to
29 CFR1910.147(c)(4)(i) for an exception
to the documentation requirements. ]

= Use only lockout/tagout devices authorized
for the particular equipment or machinery
and ensure that they are durable,
standardized, and substantial.

= Ensure that lockout/tagout devices identify
the individual users.

= Establish a policy that permits only the
employee who applied a lockout/tagout
device to remove it. [See 29 CFR
1910.147(e)(3) for exception. ]

= [nspect energy control procedures at least
annually.

= Provide effective training as mandated for all
employees covered by the standard.

= Comply with the additional energy control
provisions in OSHA standards when
machines or equipment must be tested or
repositioned, when outside contractors work
at the site, in group lockout situations, and
during shift or personnel changes.

How can you get more information?

OSHA has various publications, standards,
technical assistance, and compliance tools to
help you, and offers extensive assistance through

its many safety and health programs: workplace
consultation, voluntary protection programs,
grants, strategic partnerships, state plans,
training, and education. Guidance such as
OSHA’s Safety and Health Management
Program Guidelines identify elements that are
critical to the development of a successful safety
and health management system. This and other
information are available on OSHA's website at
www.osha.gov.

= For a free copy of OSHA publications, send a
self-addressed mailing label to this address:
OSHA Publications Office, PO. Box 37535,
Washington, DC 20013-7535; or send a
request to our fax at (202) 693-2498, or call
us at (202) 693-1888.

= To file a complaint by phone, report an
emergency, or get OSHA advice, assistance,
or products, contact your nearest OSHA
office under the “U.S. Department of Labor”
listing in your phone book, or call us toll-free
at (800) 321-OSHA (6742). The tele-
typewriter (TTY) number is (877) 889-5627.

= To file a complaint online or obtain more
information on OSHA federal and state
programs, visit OSHA's website.

This is one in a series of informational fact sheets highlighting OSHA programs, policies, or standards. It does not impose
any new compliance requirements or carry the force of legal opinion. For compliance requirements of OSHA standards or
regulations, refer to Title 29 of the Code of Federal Regulations. This information will be made available to sensory-impaired
individuals upon request. Voice phone: (202) 693-1999. See also OSHA’s website at www.osha.gov.

U.S. Department of Labor
Occupational Safety and Health Administration


www.osha.gov
www.osha.gov
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Wiring Methods and GFCI

What is a GFCI

A ground-fault circuit-interrupter (GFCI) is a protective device that compares the amount of
current going into electrical equipment with the amount of current returning from the
equipment and if a targeted deviation (0.005 amperes) is exceeded, the circuit is quickly
broken, often within as little as 25 milliseconds.

The GFCI has proven over time to protect employees from electrical shock. During the late
1970’s OSHA determined that GFCI use would be mandatory for 120-volt, single-phase, 15-
and 20-ampere temporary receptacle outlets used on construction sites [see 1926.404(b)(1)].
During this time OSHA estimates that between about 650 and 1,100 lives have been saved
because of it.

GFCI's can be installed permanently (i.e. GFCI receptacle) or used temporarily to protect
workers while performing certain tasks.

Fast Facts Since the OSHA standard requiring GFCI use in the construction industry has been
passed between 650 and 1,100 lives have been saved

Where are Temporary GFCI's Required

On a construction site the presence of electrical hazards are very prevalent. A worker could
be using an electric drill that is connected to a flexible cord set (extension cord). This cord set
travels 100’ where the plug head is inserted into a temporary power box.

This new level of protection covers all receptacle outlets on temporary wiring installations that
are used during maintenance, remodeling, or repair of buildings, structures, or equipment, or
during similar construction like activities. Such activities include cleanup, disaster remediation,
and restoration of large electrical installations.

Fast Fact: An example of a “construction-like” activity would be a worker laying ceramic tile
in a lobby of a bank building. The worker is using a drill with a paddle to mix the mortar. The
drill is connected to an extension cord which is plugged into a nearby receptacle. This activity
is construction-like in nature and therefore would require a GFCl receptacle or an extension
cord with built-in GFCI capabilities.

This material was produced under grant number SH-16615-07-60-F-12 from the Occupational Safety and Health Administration, U.S.
Department of Labor. It does not necessarily reflect the views or policies of the U.S. Department of Labor, nor does mention of trade names,
commercial products, or organizations imply endorsement by the U.S. Government.

WWW.WPSAC.ORG
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Where are Permanent GFCI's Required

Cord sets and receptacles in wet environments can potentially expose employees to severe
ground-fault hazards. Therefore, in a built environment (non-construction) OSHA requires
ground-fault circuit protection for all 125-volt, single-phase, 15- and 20-ampere receptacles
installed in bathrooms and on rooftops.

This new provision only applies to installations made after the effective date of OSHA’s final
rule. (August 13, 2007)

Permitted Use of Flexible Cords
Flexible cords and cables may be used only for:

pendants

wiring of fixtures

connection of portable lamps or appliances

portable and mobile signs

elevator cables

wiring of cranes and hoists

appliances to permit removal for maintenance and repair

Prohibited Use of Flexible Cords:
Common OSHA violations when using an extension cord include the following:

As substitute for fixed wiring

Run through walls, ceilings, or floors
Run through doorways, windows
Attached to building surfaces

=

[E1E) s [ETE]

This material was produced under grant number SH-16615-07-60-F-12 from the Occupational Safety and Health Administration, U.S.
Department of Labor. It does not necessarily reflect the views or policies of the U.S. Department of Labor, nor does mention of trade names,
commercial products, or organizations imply endorsement by the U.S. Government.

WWW.WPSAC.ORG
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Inspections of Extension Cords
Since extension cords are exposed to damage they must be visually inspected before use on
any shift for both external and internal defects.

External defects include:

deformed pins

missing grounding pins

damage to outer jacket or insulation
loose plug head

Internal damage may be present if:

pinched outer jacket

crushed outer jacket

broken plug head

use of duct tape or electrical tape if present

Additionally prior to using an extension cord, the employee must examine the outer jacket to
determine if the cord is adequate for the load.

Cord and plug connected equipment and flexible cord sets (extension cords) which remain
connected once they are put in place and are not exposed to domage need not be visually
inspected until they are relocated.

Fast Fact: Circuit breakers are designed to protect equipment — not people. Relying on a
circuit breaker to trip as a means to protect an employee from electrocution is a deadly
mistake!

This material was produced under grant number SH-16615-07-60-F-12 from the Occupational Safety and Health Administration, U.S.
Department of Labor. It does not necessarily reflect the views or policies of the U.S. Department of Labor, nor does mention of trade names,
commercial products, or organizations imply endorsement by the U.S. Government.

WWW.WPSAC.ORG
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Understanding “Arc Flash”

Simply put, an arc flash is a phenomenon where a flashover of electric current leaves its
intended path and travels through the air from one conductor to another, or to ground.
The results are often violent and when a human is in close proximity to the arc flash, serious
injury and even death can occur.

Arc flash can be caused by many things including:

Dust

Dropping tools
Accidental touching
Condensation
Material failure
Corrosion

Faulty Installation

Three factors determine the severity of an arc flash injury:

e Proximity of the worker to the hazard
e Temperature
e Time for circuit to break

Because of the violent nature of an arc flash exposure when an employee is injured, the injury
is serious — even resulting in death. It’s not uncommon for an injured employee to never regain
their past quality of life. Extended medical care is often required, sometimes costing in excess of
$1,000,000.

Typical Results from an Arc Flash

Burns (Non FR clothing can burn onto skin)

Fire (could spread rapidly through building)

Flying objects (often molten metal)

Blast pressure (upwards of 2,000 lbs. / sq.ft)

Sound Blast (noise can reach 140 dB - loud as a gun)
Heat (upwards of 35,000 degrees F)
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Approach / Protection Boundaries

The National Fire Protection Association (NFPA) has developed specific approach boundaries
designed to protect employees while working on or near energized equipment. These
boundaries are:

Restricted
Limited Approsch
Spproach Boundary
Boundary
Prohibited
Flash Approach
Protection Boundary
Boundary
Energized
Ecjuip ment
¢ Flash Protection Boundary (outer boundary)
e Limited Approach
e Restricted Approach
[ ]

Prohibited Approach (inner boundary)

Flash Protection Boundary (outer boundary): The flash boundary is the farthest established
boundary from the energy source. If an arc flash occurred, this boundary is where an employee
would be exposed to a curable second degree burn (1.2 calories/cm?). The issue here is the heat
generated from a flash that results in burns.

Limited Approach: An approach limit at a distance from an exposed live part where a shock
hazard exists.

Restricted Approach: An approach limit at a distance from an exposed live part which there is
an increased risk of shock.

Prohibited Approach (inner boundary): A distance from an exposed part which is considered
the same as making contact with the live part.

This distance is not common between equipment. Some equipment will have a greater flash
protection boundary while other equipment will have a lesser boundary.

Ways to Protect the Workers

There exists a number of ways to protect workers from the threat of electrical hazards. Some
of the methods are for the protection of qualified employees doing work on electrical circuit
and other methods are geared towards non-qualified employees who work nearby energized
equipment.
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Here are a few of the protective methods:

De-energize the circuit

Work Practices

Insulation

Guarding

Barricades

Ground Fault Circuit Interrupters (GFCI)
Grounding (secondary protection)

If You Must Work on Energized Circuits

If it has been determined that deenergizing a circuit is not feasible and the employee must
work “hot”, the employer shall develop and enforce safety-related work practices to prevent
electric shock or other injuries resulting from either direct or indirect electrical contacts.

The specific safety-related work practices shall be consistent with the nature and extent of the
associated electrical hazards.

These safety related work practices could include:

e Energized Electrical Work Permit
e Personal Protective Equipment

¢ Insulated Tools

e  Written Safety Program

e Job Briefing

Fast Fact: The most effective and fool-proof way to eliminate the risk of electrical shock or arc
flash is to simply deenergize the equipment.

Understanding the Arc Flash Warning Labels

Each piece of equipment operating at 50 volts or more and not put into a deenergized state
must be evaluated for arc flash and shock protection. This evaluation will determine the
actual boundaries (i.e. prohibited, limited, restricted etc) and will inform the employee of what
PPE must be worn.

Once the evaluation is complete an Arc Flash Hazard warning label must be affixed to the
equipment and readily accessible to employees who may work on the energized equipment.
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A\ WARNING

Arc Flash H d
A WARNING Appro:ria?: PP:zRﬂerquired

Arc Flash Hazard

Appropriate PPE Required
Fdilure to Comply Can Result in
Decth or Injury

Refer to NFPA 70E 420 VA shock hazard when Cover is removed

40 inch  Flash Hazard Boundary
Calicm2 Flash Hazard at 18 inches

FPE Level
Cotton underwear plus FR shit and FR panits

g o
-2 oo

Minimum arc flash label example . . .
42 inch Limited &pproach — HO Unqualified Persons

12 inch Restricted Approach —1000% Class 0 Gloves
1 inch Prohibited Approach — 1000 % Class 0 Gloves

Enquipment Bame: Slurry Purmp— 24

Detailed (preferred) arc flash label example

The Employees Obligation

Employees must follow the requirements of the Arc Flash Hazard label by wearing the proper
personal protective equipment (PPE), use of insulated tools and other saofety related
precautions. This includes not working on or near the circuit unless you are a “qualified” worker.

Quualified person: One who has received training in and has demonstrated skills and knowledge
in the construction and operation of electric equipment and installations and the hazards
involved.

Additional requirements for qualified persons. Qualified persons (i.e. those permitted to work
on or near exposed energized parts) shall, at a minimum, be trained in and familiar with the
following:

e The skills and techniques necessary to distinguish exposed live parts from other parts of
electric equipment.

e The skills and techniques necessary to determine the nominal voltage of exposed live
parts, and

¢ The clearance distances specified in 1910.333(c) and the corresponding voltages to which
the qualified person will be exposed.
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