Article 130 CHAPTER

nto equipment, floors, walls, or struc-

illi i - drilling i _
130.10 Cutting or Drilling. Before cutting ot d g e L e

tural elements where a likelihood of contacting energiz
employer shall perform a risk assessment to:

Safety-Related Maintenance
Requirements

ipment
(1) Identify and mark the location of conductors, cables, raceways, Or equip

(2) Create an electrically safe work condition
(3) Identify safe work practices and PPE to be used

An electrical work environment consists of three interrelated components: installation, main-
tenance, and safe work practices. Safe work practices are most effective when the installation
is code compliant and the equipment is maintained appropriately. The NFPA documents that
address each aspect are NFPA 70°, National Electrical Code® (NEC®); NFPA 70B, Recommended '
Practice for Electrical Equipment Maintenance; and NFPA 70E®, Standard for Electrical Safety in ‘
the Workplace®. Exhibit 200.1 illustrates how these documents are interrelated.
NFPA 70E considers equipment to be safe for operation if the equipment is installed
according to the NEC and the manufacturer’s instructions and has been maintained
in accordance with NFPA 70B in the absence of specific manufacturer’s instructions. A
deficiency in the installation or maintenance of a system has the potential to adversely
impact electrical safety of employees and safe work practices.

EXHIBIT 200.1 [

— e — Electrical safety standard
‘ NFPA 70 interaction.
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Article 200 General Maintenance Requirements 205.1
—3
. oven reliable. General mainte- (3) For the purpose of Chapter 2, maintenance shall be defined as preserving or restoring |
Properly maintained electrical equ|pl:nent_ has prrdance with the manufacturer’s the condition of electrical equipment and installations, or parts of either, for the safety of
nance dictates that equipment be ma.untalned - at.cc: of the equipment. Chapter 2 is E{'nployees 'who work where ex!)osed to electrical hazards. Repair or replacement of indi- |
instructions and often addresses continued ogeiadl:es ddress safety-related mainte- vidual portions or parts of equipment shall be permitted without requiring modification |
not a comprehensive maintena;ce péon?‘;airl::en‘;nce program provides for the predict- or replacement of other portions or parts that are in a safe condition.
: ; t. A goo
nance of electrical equipmen -
- ili sary for safe operation. . - _ )
ability and reiia.bl“tz necesentyfor NFPA 70E is NFPA 70B. The purpose of this recom Informational Note: Refer to NFPA 70B, Recommended Practice for Electrical Equipment
A compar.llot“! oeum hazards to life and property that can result from falllure or Maintenance; ANSINETA MTS, Standard for Maintenance Testing Specifications for Electrical
mended practice is to r-e i a| trical systems and equipment. It provides guidance Power Distribution Equipment and Systems; and 1EEE 3007.2, [EEE Recommended Practice for
malfunction of industnal‘typ“; . eze:tting up a preventive maintenance program. NFPA the Maintenance of Industrial and Commercial Power Systems, for guidance on maintenance fre-
: i on % icati s .
ok s b pr::::::iizanqaintenance for electrical, electronic, and comml{nlca:;:"; quency, methods, and tests.
ies to pre : ctions
e appll?‘sd quipment and is not intended to duplicate or supersec?e ini;r:t s
syster?sa rs normally provide. NFPA 70E addresses the work practices Maintenance is often the most neglected component of a strategy to provide a safe
\ manu ad':uremaintenance work. work environment. NFPA 70B provides employers with solutions, techniques, and test-
used during ing intervals for adequate maintenance to maximize the reliability of electrical equip-
ment and systems. It describes electrical maintenance subjects and issues surrounding
il maintenance of electrical equipment.
NFPA 70B provides information on commissioning and on an effective preventive
200 I ntrOd UCti On maintenance program. Commissioning, or acceptance testing, verifies that the equip- 1
ment functions as intended by the design specification. Acceptance testing generates
ive impact on personal safety.The employer/ baseline results that can help to identify equipment deterioration or a change in reli-
Inadequate maintenance can havg a nega.tlvero 2rly maintained. Normal operation of ability or safety. Future trend analysis is useful in predicting when equipment failure
owner must make sure that equr?fant i:)es Sme risk of injury to the equipment oper- or an out of tolerance condition will occur and can allow for convenient scheduling
i intained equipmentincre ; he risk of of outages
inadequately maintaine o energized maintenance. The ri ges.
ator, not just to the employee performif'lg Ju:::?:droper?y and adequately maintained. Most electrical equipment will have a predictable life cycle, and knowing the ser-
equipment failure is reduced W|?IF.‘T‘| equupn?etenar?ce program can increase the reliabil- vice life can be crucial in predicting the reliability and safe operation of the equipment.
A comprehensive electrical equ‘|pment' mal;‘ ctrical outages and malfunctions, and can Routine maintenance and maintenance tests can be performed at regular intervals over
ity of the electrical systems, whish édes]e i ical hazards the service life of equipment or when condition indicators warrant. Maintenance tests 1
decrease the exposure of employeesto e eclr ment condition, including its mainte- help identify changes in overcurrent protective device characteristics and potential fail-
Table 130.5(C) requires that’ the eq: f rmining the likelihood of an arc flash ures before they occur. A shutdown can then be scheduled and repairs can be made
nance, be taken into con51d'erat!on for‘ e Zf equipment is more prone to failure. before equipment damage and with minimum exposure to employees. An alternative
occurring since a poorly maintained g;es;erisk aqssessment take into consideration method is utilizing reliability-centered maintenance (RCM) techniques. See Chapter 30
Section 130.5(G) reQu‘(;?tS;;rr“a;fagvzf:&urrent protective devices, because the COr:\- of NFPA 70B for further information on RCM.
intenance condi ] . ; i asing the
Ejh;e'(;?\alcr:: have an effect on the device's clearing time, thus increasing [
1T
incident energy. —
T General Maintenance Requirements m
Chapter 2 addresses the requirements that follow.
‘ d maintenance requirements for electrical equip- At the time at which it was origipally installed, eqt{ipment was ina new conditioy and
(1) Chapter 2 covers practical safety-relate ‘_nallnd d in 90.2. These requirements identify everythlng was expected to be in order. Through its use, equipment slowly begins to Worker Alert “
| ment and installations in workplaces as include .2 - show signs of wear and tear. Proper maintenance is not just the act of fixing, adjusting, ]
| ly that maintenance directly associated with employee safety. _ Ttis left or filling fluids. There is a time aspect that is just as important. Maintenance of a piece of You must be qualified to
| -l fic maintenance methods or testing procedures. It1

(2) Chapter 2 does not prescribe speci
to the employer to choose from th
requirements of Chapter 2.

equipment may only be needed every year or two in one installation. That same piece of

equipment in another installation may require monthly maintenance to be considered
properly maintained.

perform maintenance on a
specific piece of equipment.
Your knowledge of similar

e various maintenance methods available to satisfy the

equipment or of identical
tasks does not equate to
your ability to correctly or
safely perform maintenance
on another piece of
equipment.

y

1 S .

Maintenance.

| Employecs who perform maintenance on electrical equipment and installations shall be quali-
fied persons as required in Chapter | and shall be trained in, and familiar with, the specific

Maintenance procedures and tests required.
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Article 205 General Maintenance Requirements
E il
To be useful, the diagrams must be updated and verified. Legible, up-to-date
205.2 Single-Line Diagram. — S single-line diagrams, along with any necessary supplemental documentation, enable
i shall be maintained in a leg lectrically safe work condition to be impl d. Maintaining these drawi
] s here provided for the electrical system, an electrically sate work condition to be implemented. Maintaining these drawings pro-
A single-line cluu(,ira}Iln,uV‘]; ol —— vides valuable information, including the following:
ible condition and shall be . = )
ible . ion for locating the electri- » Sources of power to a specific piece of equipment
o f the best sources of information fo 2 e Thei i ity of devi h pointin th
Single-line diagrams are one © the -+ Therefore, all qualified employees e Interrupting capacity of devices at each point in the system
cal hazards that might be encountered at a work site. Iel'?ne éiagrams of the systems » Possible paths of potential backfeed
must have the ability to read and understand the single-li » The correct rating for overcurrent devices
i i t
they work on. ifferent purposes and may display differen
Single-line diagrams are created for d Fmented by equipment schedules 205.3 General Maintenance Requirements.
information. Some single-line diagrams are R er sources, such as control : i o
ay or may not be included on the diagram. Some pOWer le-lin c; diagram.These Electrical equipment shall be maintained in accordance with manufacturers’ instructions or
thatm er a motor control center, may not be detailed on tho.? single Ir in a panelboard industry consensus standards to reduce the risk associated with failure. The equipment owner
powe;_somay be detailed on a schematic or elementary diagram o or the owner’s designated representative shall be responsible for maintenance of the electrical
zgil:;cdule Exhibit 205.1 shows a simple single-line diagram. equipment and documentation.
Informational Note No. 1: Common industry practice is to apply test or calibration decals to equip-
ment (o indicate the test or calibration date and overall condition of equipment that has been
tested and maintained in the field. These decals provide the employee immediate indication of
Primary feeder last maintenance date and if the tested device or system was found acceptable on the date of test,
This local information can assist the employee in the assessment of overall electrical equipment
W maintenance status.
. L 2l S i ter ; :
Simple single-line diagram- i zxal?‘r};:‘%aﬁjge”w ¢ Informational Note No. 2: Noncontact diagnostic methods in addition to scheduled maintenance
1 activities of electrical equipment can assist in the identification of electrical anomalies.
= F‘,;“E:‘;] Transformer, 60Hz
g;‘r;g;er"'*" . Low voltage switchgear Equipment that is not maintained or is overly maintained does not only decrease the
= — reliability of the equipment but also presents an increased risk to an employee. A well-
F—L{As] ® @ @ | established maintenance program will schedule maintenance so that equipment is
—r—3 &Y

properly maintained. Chapters 4, 5, and 6 of NFPA 70B, Recommended Practice for Elec-

R
HINVIITIES

| ]
L———r——J l To parking apron
To 400 Hz source Spare ‘Lou&?]r;%e(\jr Spare service points

bsrggieer breaker service Dreaker
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) : Motor control center :
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280Y/120V ST
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|
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trical Equipment Maintenance, contain recommendations for an effective electrical pre-
ventive maintenance program. (See Supplement 2 for excerpts from these NFPA 70B
chapters.) The chapters provide a better understanding of benefits that can be derived
from a well-administered electrical preventive maintenance program. Deterioration of
equipment is normal, and an effective electrical preventive maintenance can delay and
predict equipment failure.

Onsite conditions can also affect the required maintenance of equipment. The
equipment owner may need to alter the maintenance schedule to address concerns
specific to the installation. The equipment manufacturer should be consulted when the
recommended maintenance is modified.

205.4 Overcurrent Protective Devices.

Overcurrent protective devices shall be maintained in accordance with the manufacturers’ instruc-
tions or industry consensus standards. Maintenance, tests, and inspections shall be documented.

The automatic operation of an overcurrent device should not be assumed to have been
the result of a false condition. The system should be investigated to determine the cause
of the device's operation before resetting the device.

Worker Alert

Unless the maintenance of
overcurrent devices can be
proven by documentation,
relying on the questionable
maintenance of an
overcurrent device places
you at a greater risk of

injury. If you are operating
equipment, establishing an

istribut] lectrically safe work

] -f-—-—-—%}gﬁibw‘m%%ﬁ?ﬂ! ‘ Following the maintenance schedule defined by the manufacturer or by a consen- Soe:dzlicgny;fpee\r/;g:mmg
[ uzuqt?\Yg./]:%?rya 8y 1 1 Sus standard reduces the risk of failure and the subsequent exposure of employees to justified elnergized arld
! %) % g b b ': | electrical hazards such as shock, arc flash, or arc blast. Documents such as NFPA 70B you may not be adequately
! I || and ANSI/NETA MTS, Standard for Maintenance Testing Specification, provide testing and protected from severe

1 l l l l _l) ‘ Maintenance instructions for some overcurrent devices. ANSI/NEMA AB 4, Guidelines for injury.

L - |
To small powgand control |
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Article 205 General Maintenance Requirements

205.6 Grounding and Bonding.

ful information on the type of maintenance, Equipmc;,nt, r'acc;,way, -cat?le tray, and enclosure bonding and grounding shall be maintained to
i icati vides useful intor - ensure ¢lectrical continuity.
s .l‘ndustnan'Ap_p’““:ﬁ:?;ﬁ;?ﬂd be documented. See Exhibit 205.2 for an example
i inspections K o . . "
tist'ngé?llf::alblgtrip circuit breaker. . t for reducing the risk of The electrical continuity achieved by grounding and bonding enables the fault current
o anT;eJ overcurrent protective device is a cr]tlcal coms;:;:;sh;"g an electrically safe to return to .the source. During a short-circuit conQition, an overcurrent devic.e relies
iniury to the employee. Whether the poﬁ‘c)" is alwa}’S, tified, the overcurrent device on an effect.lve grounderg path to operate as de§|gned. The cIearilng time might be
$ﬁ:—kycondiﬂ°n or some energized electrical ;vgotr:;Jﬂ;;,lall'mainterlance should be extended without effective grounding and bonding, thus increasing the amount of
: ; flash PPE. o g : incident energy to which an employee could be exposed.
e T :ihe requ’l;icailia;cstated for overcurrent devices. Any action is gen ay ploy p
is speci
documented, the need is sp

205.7 Guarding of Energized Conductors and Circuit Parts.
true if an incident were to occur.

Worker Alert

Enclosures shall be maintained to guard against unintentional contact with exposed energized
. conductors and circuit parts and other electrical hazards. Covers and door.
205.5 Spaces About Electrical Equipment.

Crs and latChCS Secu[ed
S W1 faStE
arances I qU.lI‘ 1

In order to recognize that a
guard is missing, you must

s shall be in place

first be able to identify
All working space and cle

] . S equipment that is under a
e Preventing access to er.1erg|zed cgnductors and circuits is a core concept for normal operating condition.
ma ) ' . ces about electrical equipment, see employee §afety. Energized glectrlcal condqctors are required to be guarded
Informational Note: For further information concerning s;;ac i against accidental contact, which may be achieved by covering, shielding, enclos-
\ :rt(;cle 110, Parts 11 and IT1, of NFPA 70, National Electrical Code. ing, elevating, or otherwise preventing contact by unauthorized persons or objects.
form tasks without jeopardizing Access to exposed energized electrical components guarded by a locked fence or 1
Adequate working space allows er’npI0‘,s"fe&:5t:::e ‘::;per use of tools and equipment door can be restricted to only authorized and qualified personnel who have the key.
: or SR q
their safety. Sufﬁcien; clearat:ce E:l!:::s hich could result in an electrical incident Enfr.glsz parts should not be exposed to any employee unless safety measures are
. : i i tent co ' : ical equip- put in place.
, i ci k ile preventing inadver : front of electrical eq
An adjustable_mptmec:wgfc:ge i ‘::d inlj?ury Exhibit 205.3 illustrates the work:ncg ;pTKtZéT Working spaces must be
ith a transparent, r , ) i ctrical Code - : i
Zvrlyd sealabls cover. (Courtesy of ment required by NFPA 70, Natelf,ni?tgrenpmary such as with stored equipment — 205.8 Safety Equipment.
ider Electric) . Obstructions — ev 3 . . S . :
Square D by Schneider Elec kep;ti E'Iceaacfcess to and egress from the working SpaCE-" ioment be provided with | Locks, interlocks, and other safety equipment shall be maintained in proper working condition
restr : is that all equipm i
rking space is t ] ) : to accomplish the control purpose.
s generalf rUIeetc;;i:r? andgm;)intenance. The specific working space in ti;e | p purp
nough space for safe op S ; rk. This working space may y : : -
:'EC i? fOTpeqUiPme“t that warr?nts Jumﬁed. eneregll;iﬁi;%yksafe work condition when Locks and interlocks provide safety for employees by ensuring that only authorized
be applied to equipment that will always be inan cier the possibility that an expected and qualified persons have access to areas that contain exposed energized electrical
Worker Alert : work is performed. The design layout must consi eff i ir?the NEC conductors or circuit parts. They are also used to establish an electrically safe work |
You should recognize when task may require more working space than that specitie ‘ condition through a lockout/tagout program. An interlocking system may be used
there is insufficient space for _ =

|
to control the flow of electrical power through some systems and to control the '

sequence of switch operations. Maintaining these locks and interlocks in good working
i condition helps to minimize exposure to electrical hazards.

you to safely performan
assigned task. You should
not conduct the task unless e tpate i fontof

electrical equipment.

sufficient room is provided.

205.9 Clear Spaces.

Worker Alert

Access to working space and escape passages shall be kept clear and unobstructed.

Clear space is necessary to ‘
i . . Py ! allow you to quickly leave an
Good housekeeping is an important characteristic of a safe work environment. Storage - ir:lthe e\f{ent ofyan ‘
________________ that blocks access or egress or prevents .safe work practices must be avoidgd atall times. incident. Items including
The area must not be used for storage, including the storage of movable items such as

tool boxes, parts shipping
containers, or hand carts
must not be placed in your
path of egress.

push carts or trash bins. Maintaining adequate access is essential for an employee to
Operate the equipment in a safe and efficient manner. The primary intent of providing

egress from the area is so that, in the event of an emergency such as an arc flash inci-
dent, the employee can escape.

|
|
’.
/K A | Working 205.10 Identification of Components.
S i o ldentification of components, where required, and safety-related instructions (operating or
““H“ I', ool Maintenance), if posted, shall be securely attached and maintained in legible condition.
. S Handbook for Electrical Safety in the Workplace 2018
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Article 205

Motor Control Centers, and Disconnect Switches

Worker Alert

You are typically the last one
available to inspect cords
and cables after they have
been brought to the work
site, Your inspection should
occur before the tool or
extension cord is plugged
into a receptacle. Typically
you are also responsible for
the routing and protection
of the cord during the
performance of the task.

205.11 Warning Signs.

Warning signs, where required, shall b
condition.

entification on the single-line diagram is up
tion on the installed equipment. Up-to-date
and necessary warnings are vital to ensure

It is crucial for electrical safety that id
to date and that it match the identifica
operating or maintenance instructions

employee safety.

e visible, securely attached, and maintained in legible

ified and unqualified employees of potential hazards
y must be clearly visible before examination, adjust-
ment, servicing, or maintenance of the equipment. For example, according to 130.5(H),
a warning label for a potential arc flash hazard must provide sufficient information to
enable an employee to select appropriate PPE. Other warning signs may be required by

installation standards and OSHA regulations.

Warning signs inform both qual
that might be encountered. The

205.12 Identification of Circuits.

Circuit or voltage identification shall be securely a

ible condition.

several sections of the NEC require that circuit identifi
the equipment. NEC Section 110.2
ing means be indicated unless the p
230.70(B) requires identification of the service
is supplied by more than one service,
means location have a permanent plaqu
necting means.

NEC Section 4084 detail
switchgear, switchboards, and panelboards.Th
accurate, and legible. Mislabeled equipment en
that they have de-energized the circ i
identification does not remove the emp
of voltage when establishing an electricall

ence of labels or warnings, the need to perform a risk assessment remains.

205.13 Single and Multiple Conductors and Cables.

Electrical cables and single and multiple

shorts, and ground that would expose employees to an electrical hazard.

Cables may be exposed afte
installed in raceways or in cable trays. When the
open cable tray, they should be protected from
cable. Temporary protection should be provided
and conductors so as not to damage the cable.

205.14 Flexible Cords and Cables.

Flexible cords and cables shall be maintained to preserve insulation integrity.

(1) Damaged Cords and Cables. Cor
areas that would expose employees to an electrical hazard.

ffixed and maintained in updated and leg-

cation be securely affixed to
2(A) requires that the purpose of each disconnect-
urpose is obvious from the arrangement. Section
disconnecting means. Where a structure
230.2(E) requires that each service disconnecting
e indicating the location of the other discon-

s the circuit identification information required for
e circuit identification is to be up to date,

dangers employees who might assume
uit feeding the equipment. However, circuit
loyee's responsibility for verifying the absence
y safe work condition. Regardless of the pres-

conductors shall be maintained free of damage,

r installation. Single and multiple conductors are often
cable or conductors are installed in an

falling objects that could damage the
when working around exposed cable

ds and cables shall not have worn, frayed, or damaged

2018 Handbook for Electrical Safety in the Workplace

( )
2 !;tl al Rellef. Stralll l‘ellef ()' C()[dS and Cables Sl lall be Illalntalned to pIeVent pull f] om

being transmitted directly to joints or terminals

(3) Repair and Re
placement. Cords and cord
= : caps for portable electri i
paired and replaced by qualified personnel and checked for prop:: ;)Clzlriigulgggnené'smu -
, grounding, and

continuity prior to returning to service

The transient use of flexible cords and i
et . . cables increases the possibility fi
phgdam (ir:j)sr rl::zes:rgstil:n of the equipment grounding conductor. Bt)elfoc:é Z::Pj\ 3::
e ;pected to ensure that there is no damage [see 110.5(C)] A:
wEL SO Th% roﬁor(;wmon problgm with extension cords and cord 'caps 1;or
poTgble ol ShOCk.or elgct nd prong provides the grounding path necessary to miti-
e eclgLnockarcle rocution. Incorrect termination of flexible cords and cables
snconts/ls angthe commgn problem. Tension placed on the cable can all
Lo ob 400% rs;e .andﬂsul.aject the employee to a hazard. =
i b~ LE .initi(:ﬁlr(?s exible cord to bg used only in continuous lengths without
kARSI Iy |nstr';\lled. The repair of hard-service cord and junior hard-
Sl G inar?er is permitted if the conductors are spliced and the com-
s i:\L-JI‘atIOI‘I, Ol.Jt'el’ sheath properties, and usage characteristics of
NEC Section 590.6(8)3) has criteri for an assued ccuiment iy omy e
R o ] equipment groundin
enfgrced o t':}h:;srg;;a;; ;r?aetg(fj fLee):lstire]sc?rds. This written pro%ram is cgrfzzgglcjz(l);
. ' ‘ 0 ensure that equi i
andt;rjga'rﬁ‘l:s%aulled.and maintained for all cord sets and equ?pmpenr:'?:;r?r:zg:(g?)g cord
owing tests are required before first use on site, when there i?evic):ll;r?zg

1. Testall i i
equipment grounding conductors for electrical continuity

2. Test each rec
eptacle and attachment plug for correct attachment of the equipment

grounding conductor.
3. Verify that t i i
fy he equipment grounding conductor is connected to its proper terminal

205.15 Overhead Line Clearances.

] Or O Elhead ele:nlc llnES “ndEI thE EIIIPIC) €r's contr :1’ gIadE EIE a'tlcn Sllall tE nlalntalnEd
to pI €Serve no leSS tha]l the minimum deSlgIled VEr tlcal alld hOIlZOIltal C]CaI ances necessar y to

minimize risk of unintentional contact.

Substations, Switchgear Assemblies
Switchboards, Panelboards, Motor |
Control Centers, and Disconnect
Switches

210.1 Enclosures.

Enclosures
shall be k -
hazard, ept free of material that would expose employees to an electrical

H
andbook for Electrical Safety in the Workplace 2018
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Worker Alert

Before returning equipment
to a normal operating
condition and re-energizing,
you must account for all
nuts, screws, tape, washers,
wire pieces, stripped
insulation, and any other
tools or materials.




Article 210 Premises Wiring
—--...\(/'_
215.1
Housekeeping is‘a critical actnﬂ_n that must be performed before a work task is Temperature extremes, chemical inati I
completed. Materials or tools left in enclosures are a COmmon cause of a fault and can common causes that c;n d y c.ontammat;on, oberdHng conaitians; and sof |
initiate an arc flash event. Employees must remove all extraneous materials and all tools personnel. Insulation teSti";gF:foz:nsufgatlon e =an jeopard;ze iy Sg;?egiya:)ef
med on a regular basis can b i
e used to indicate if the

from and around enclosures for electrical safety.

210.2 Area Enclosures.
. below an ac ; i
Fences, physical protection, enclosures, or other protective means, where required to guard . r:::)ptablf level is a sign of impending failure, and normal o i
against unauthorized access or unintentional contact with exposed energized conductors and y no longer be a safe task. peration of the
circuit parts, shall be maintained. |
210.5 Protective Devices. |
Fences and other enclosures should be inspected regularly to ensure thatthey continue Protective devices shall be maintai
Intained to adequately withstand or interrupt available fault Worker Alert
au

l to guard against entry of unauthorized personnel or animals. Gates and doors, espe- qazcats
cially if equipped with panic hardware, should be checked regularly for security and Wheth .
l . | | er you are operatin
p;fopgr op‘ffa:lOn. Any defecttOr ﬂa",""?‘?’ef-"ustdoirepalred promptly and sufficiently to Informational Note: Tmproper or inadequate maintena - Al esrab“i)hing o
proper pertn i e the overcurrent protective device, thus increasing the ir?ccifi catn o coniton, o pertom
ent energy. condition, or i
( , or performing
justified energized work,
you are at a greater risk of

Protective devices i
are designe ithi
gned to operate within a prescribed range and to discon injury if protective d
: otective devices

[
| ‘ 210.3 Conductors.
Current-carrying conductors (buses, switches, disconnects, joints, and terminations) and brac- nec'F the power to equipment in a timely manner in ord i
ing shall be maintained to perform as follows: equipment and injury to personnel. If the amount of order to minimize damage to have not been maintained
08 T3 K0T — B (5 2 (oot £ of available fault current increases !
ge In upstream components, for example — each (

I . efeL e

When a protective device fai
evice fails to operat i
normal operati ; perate as intended, emplo ;
caul itk emETL"iE quipment can be exposed to an injury from S :re;form!ng
yee is conducting justified energized work and clearing timn affClEg
€ of the

(1) Conduct rated current without overheating quate for interrupting th
e

The bundling of conductors affects the ability of those conductors to carry current with-

out overheating. Conductors bundled in wiring methods such as raceways, cable trays,
s | 1 H .
or gutters were calculated for proper ampacity for the number of conductors present at | protective device is delayed, an incident en ergy level
greater than anticipated
can

time of installation. Additional conductors placed into these routing methods can affect | occur, rendering the employee’s selected PPE inade
the safe function of all conductors. Re-evaluation of the ampacity of the new and exist- | See Article 225 for further information regard%lzlafff\.
€ maintenance of fuses and ’

ing conductors should be conducted prior to the installation of the additional conduc- circuit breakers.
tors to determine their capacity to dissipate heat.

Discoloration of conductors or terminals is evidence of overheating. Infrared ther-
rating is one method of investigating |
|

mography performed while the equipment is ope
overheating. Thermography may be considered a hazardous task depending upon how | . S I
it is performed. The use of properly installed infrared windows in enclosures is one way Pre mises Wl N g Art. ' 2 1 !

to lower the risk associated with infrared scanning. If evidence of overheating is found, |
the equipment should be de-energized and the problem investigated and repaired in 215.1 Covers for Wiring S
) r Wiring System Components

accordance with manufacturer’s specifications.

C f .. 0 0 g
overs Tor w [Illlg S y stem C()mponents Shall b 1 W
s c 1n p ace Wlth all aSS()Clated haI‘d al‘e, and there

(2) Withstand available fault current

2 ianificant amount of destructive ener that
:zitr?zaai 233:;::::&::;\:0;& ther pct:tentiarfgr seri- oV and doors must be closed and latched usi
A N . 2 . il equipment. All unused openings other th 1) all fasteners provided with the
ous injury to personnel. The short-circuit current rating of electrical equipment is the ment or those as part of th SISAYEL those intended for the operation of equi
| amount of current that it can carry safely for a specific period of time before it is dam- equivalent to thevF\)/ i c; e de-‘j'gn must be closed to afford protection subst Nt
| aged. For example, a bus duct may have a short-circuit current rating of 22,000 rms sym- Some pandlis :rdz-) the EC{l.JIpment.. stantially

metrical amperes for three cycles. It_ might be damaged if 30,000 amperes were to flow has a hinged door that ar:/ .qupped with a deadfront cover and outer trim. The trim
through the bus for three cycles or if 22,000 amperes were to flow for six cycles. Parts. Removing the trifn ex'p s:eicf:ss to the circuit breakers without exposin-g i

e gutter space. Although th
b e breaker terminals ar
e

n ' i / q .

|
Short circuits or fault currents p

In order to
rotec i
p t employees from contact with energized electrical compon
can cause serious damage to € ponents, all ‘ ‘

210.4 Insulation Integrity.
the voltage impressed. l

Insulation integrity shall be maintained to support
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Article 220

tional contact.

215.2 Open Wiring Protection.

Open wiring protection, such as location or barriers, shall be

maintained to prevent uninten-

ill not provide the protection intended. The protection
nt may be breached if a new means of access, such as
f open wiring by location in a battery room
27(A)(1) of NFPA 70, National

A damaged or moved barrier w
provided by elevating equipme
a mezzanine, is installed. Protection o
accessible only to qualified persons is recognized by 110.

Electrical Code (NEC). See Exhibit 215.1.

Open wiring in a restricted
access battery room. (Courtesy
of International Association of
Electrical Inspectors)

Fuses and Circuit Breakers

220.2 Protection and Control Circuitry.
Protection and co ircui
ntrol circuitry used to i
guard against unintentio i
nal contact with expos
posed ener-

glzed con uCl‘OlS and Cil'ClIi [}?l[ IS an O p eV “[ of ere rica
d t d " - h o

Some controller i ;
equipment is desi i
e designed with removable protective components that

components.

215.3 Raceways and Cable Trays.
Raceways and cable trays shall be maintained to provide physical protection and support for

conductors.

Periodic inspection of raceway and cable tray systems will ensure that the systems will
function as intended, which is not limited to only providing physical protection and
support for conductors. Metal raceway and metal cable tray systems are recognized
by the NEC as equipment grounding conductors. When these systems are used as an
equipment grounding conductor, electrical continuity must be maintained to ensure
they have the capacity to conduct safely any fault current likely to be imposed and have
sufficiently low impedance to limit the voltage to ground to cause operation of the cir-

cuit protective device.

—]

186

Controller Equipment

220.1 Scope.
This article shall apply to controllers, including electrical equipment that governs the starting,
stopping, direction of motion, acceleration, speed, and protection of rotating equipment and

other power utilization apparatus in the workplace.
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Fuses and Circuit Breakers

225.1 Fuses.

Fuses shall be maintai
S€5 S main :
clips shall be m;in:;‘;zzg free of l?reaks or cracks in fuse cases, ferrules and insulators. F
Bt s Sl b ;o dp:;owde adequate contact with fuses. Fuseholders for zS. i
odified to allow the insertion of fuses that are not current li UI}‘?HF
N nt-limiting,

Non- imiti
current limiting fuses shall not be modified to allow their ins

fuseholders. ertion into current-limiting

Discoloration of fuse terminals and f i
il : 'd fuse clips could be due to heat fr
Wil o accer::sceuf:?;iirls] ‘-'\:'It.h rejection features need to be maintaiﬁ?d 2C;0trh;(:r:LaCt
Sl sl f:niltr.ng fuses. A fuseholder should never be altered or fo ¥
i idemim! ft is not (‘ie.srgned. Any damaged fuse should be pr rceld
et 2K hc; ‘ use..Exhlbrt 225.1 shows examples of fuses that |p olmdpty
Different tyes gfr?u ibit the installation of non-current-limiting fuses. i
e el fsf:: ;re used throughout an electrical system, and fuses from dif-
e y performance, characteristics, and physical size, Although
e e e s_ame ampere rating, their operating characteristil uq
ination unlikely. Replacement fuses must conform to all reqcusirrzr?':ye?\ltf-
s
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Fuses with a rejection feature.
(Courtesy of Eaton, Bussmann
Division)
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Article 225

Rotating Equipment

detailed in the electrical hazards

risk assessment. For further information on the

electrical maintenance of fuses, see Chapter 18 of NFPA 708, Recommended Practice for

Electrical Equipment Maintenance.

| 225.2 Molded-Case Circuit Breakers.

operating handles.

l set point.

instructions.

case circuit breakers.

188

The structural strength of th
imposed during fault current operation. Therefore, an inspection should be made for
cracks in the case and replacement made if necessary.

Different types of circuit breakers are used throughout an electrical system. Circuit
breakers from different manufacturers or those from a different series from the same
manufacturer differ by performance and characteristics. Although many circuit breakers
might have the same ampere rating, their operating characteristics may differ, making
coordination unlikely. Replacement circuit breakers must conform to all requirements
detailed in the electrical hazards risk assessment.

Although manual operation of the circuit breaker does not move the mechani-
cal linkages in the tripping mechanisms, it assists in keeping the contacts clean
and the lubrication performing properly, which helps assure that the circuit
breaker will operate as intended. Some circuit breakers have push-to-trip buttons
that should be operated periodically to exercise the tripping mechanical linkages.
See Chapter 17 of NFPA 70B and also ANSI/NEMA AB 4, Guidelines for Inspection
and Preventive Maintenance of Molded Case Circuit Breakers Used in Commercial and
Industrial Applications, for more information on electrical maintenance of molded-

Molded-case circuit breakers shall be maintained free of cracks in cases and cracked or broken

Although molded-case circuit breakers can be in service for years and may never be
called upon to perform their overload- or short-circuit-tripping functions, they are
' not “maintenance-free” devices. They require both mechanical and electrical mainte-
l nance. Mechanical maintenance consists of inspection and adjustment as needed of
mechanical mounting and electrical connections and manual operation of the circuit
breaker. Electrical maintenance verifies that the circuit breaker will trip at its desired

Excessive heat in a circuit breaker can cause tripping and an eventual failure.

\ Molded-case circuit breakers should be kept free of external contamination so that
internal heat can dissipate normally. A clean circuit breaker enclosure also reduces

the potential for arcing between energized conductors and between energized con-

ductors and ground. Loose connections are a common cause of excessive heat, and

maintenance should involve checking for loose connections or evidence of over-

heating. All connections should be maintained in accordance with manufacturers’

e case is important in withstanding the stresses

225.3 Circuit Breaker Testing After Electrical Faults.

Circuit breakers that interrupt faults approaching their interrupting ratings shall be inspected
I and tested in accordance with the manufacturer’s instructions.

Circuit breakers are tested for thousands of manual operations, which is different than
a trip due to a fault. Testing of circuit breakers includes higher currents and overloads,
but this typically involves a few automatic trips. The type of fault, the energy level pres-
ent in that fault, and the duration of the fault may all impact the operation of the circuit
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breaker. A single incident may damage a circui i
tions. The; rnapufzj\cturer should be cgnsul?ergttigrti);izlr(:wra'tfi s b?YONd = SpeC.ifiFa-
of a specific circuit breaker. SR
A high-l
o Occuv_::' Te(:'\(/iilgfitzl':hiu;reqt can cause damage even when catastrophic failure does
e evice \.Nlll'ensure that the circuit breaker is not damaged and
g ol Gperate, its set point if callgd upon again. Circuit breakers that encoun-
SO currents should receive a thorough inspection and be repl
2 placed as
Ther ircui
0y disastreos::sl.t%f’: icnlgct;letntt)reaker not opera.ting within its designed parameters can
w At T e energy may be increased if the circuit breaker does not
s e SO I|ng Flmg. Fo.r example, an employee 18 inches from a 20-kA
g AT tr}/c g trlp‘plng‘nr'ne has a potential incident ehergy exposure of
S Or.to S Cilrp;ru)!?% time is |n.creased to 30 cycles, due to improper main-
renancaarith ca|/cm|2 Areaker being out‘of calibration, the incident energy is
R {he i r.)err:nei;nvf;illcl)yee vt\)/ea.rmg 8 cal/cm? arc flash PPE for the task
g e S b not be inadequately protected and may suffer
Circuit breakers should have an initial acce
-l / ptance test and subsequent mainte-
e neisatrl‘r:ff;azl':ﬁ(cefcr::rgended intervals. Following the maintenance scl'?edule rc?eaflirr:teed
S yla consensus stz‘andard reduces the risk of failure and the sub-
Y employees 'to electrical hazards. NFPA 70B, ANSI/NEMA AB 4, and
» Standard for Maintenance Testing Specification, are documents tha:c ?:r;n

Rotating Equipment J Article | 230 |

230.1 Terminal Boxes.

Terminal ch, i
ambers, enclosures, and terminal boxes shall be maintained to guard against un

ntr Ilal contact Wlt]l expo lZed C()llduCtOIS alld circuit pal s a]ld Othe] elCCtIICal
nte O p Sed €ner;
g

Vibration an i
d movement of a motor terminal box could exert pressure on the conduc

I . l I. I . I .. TI - ll I '

230.2 Guards, Barriers, and Access Plates.

Gl.la] (IS l)a] I1ct a]ld ac S
3 S, CESS plates Sha“ be ]Ila]]llal]led to p]e\/ellt e]llp]()yees h()“l contactin
g

Inspectio i i i

- prevenr; ::cirr:allgtir;afnce of rotatlpg equipment and motor guards are necessary

Sl anygu;,rdpba)rlrie rom contacting or becoming entangled in the moving part

S , barrier, or access plate be removed for repairs or maintenance of thé
quipment, it must be properly restored to its original integrity.

H
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Worker Alert

You should not carry
flashlights, radios, cell
phones, computers,
multimeters, or other

devices into a hazardous
location unless the devices
have been evaluated for use
in the specific hazardous
Jocation.
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Article 235

Hazardous (Classified) Locations

mHazardous (Classified) Locations

and radiation exposure are often associated with the
term hazardous location. While each of these may qualify as a hazardous location with
the presence of the right type of material, they are not necessarily hazardous locations
as defined by NFPA 70, National Electrical Code (NEC). A flammable or combustible
concentration of a material must be available in order for a location to be considered

hazardous within the scope of the NEC.

Confined spaces, toxic chemicals,

235.1 Scope.

This article covers m:
fied) locations.

aintenance requirements in those areas identified as hazardous (classi-

Informational Note No. 1: These locations need special types of equipment and installation to
tenance. It is important that in-

ensure safe performance under conditions of proper use and main
spection authorities and users exercise more than ordinary care with regard to installation and main-

tenance. The maintenance for specific equipment and materials is covered elsewhere in Chapter 2
and is applicable to hazardous (classified) locations.
construction and of installation that ma
location are not compromised.

Informational Note No. 2: The maintenance neede
depends on the clagsification of the specific location.
teristics, for example, use of positive press
cally safe, and purged and pressurized equipment,
requirements of the area classification must also be
the inspection authority are able to determine whether the installatio

the condition necessary for a safe workplace.

s are required by the NEC to be documented. This document often
parameters (e.g., temperature, flow, pressure),
her pertinent information. Personnel respon-
operation, and maintenance of electrical

Hazardous location
shows the source of the material, process
hazardous location boundaries, and any ot
sible for the design, installation, inspection,

equipment are required to have access to this document.
Maintenance personnel must be trained to understand the explosive nature of the

material, the type of protection employed, and how equipment maintenance is impor-
tant to a safe environment. There are 15 different types of protection recoghized by the
NEC, and each prevents ignition of the atmosphere in a different manner. Misunder-
standing the protection technique, or applying
can be catastrophic.

Troubleshooting equipment in a ha
Most equipment cannot be opened while energize
combustible material. Most portable troubleshootin
battery; however, “battery operated” does not equat
ous location. A spark s likely to occur when the testing device ¢
an explosion is possible if an explosive atmosp
single battery is capable of igniting some exp
any troubleshooting or maintenance in a hazar
an explosive atmosphere does not exist.
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Other maintenance will ensure that the form of
kes the equipment and materials suitable for the particular

d for specific hazardous (classified) locations
The design principles and equipment charac-
ure ventilation, explosionproof, nonincendive, intrinsi-
that were applied in the installation to meet the
known. With this information, the employer and
n as maintained has retained

inappropriate maintenance methods,

zardous location presents a special problem.
d in the presence of explosive or
g instruments are powered by a
e to being safe for use in a hazard-
ontacts a conductor, and
here exists. The energy available from a
losive atmospheres. Before conducting
dous area, it should be determined that

235, : .
35.2 Maintenance Requirements for Hazardous (Classified) Locations

Equlpment and lnStall I catio: S S al |)e W
atlonS mn these O
n h l malntalned Such that the fOlIO lng

(1) No energized parts are exposed.
Exception to (1): Intrinsically safe and nonincendive circuits

( ) >
2 I llel € are no b] eakS mn C()]ldll its y stems ﬁttln S, 0re ClO amage, Corrosi
5 g 31l sures |I‘()]l| d m g > S ()n, or

(3) All bonding jumpers are securely fastened and intact.

(4) All fittings, boxes, and en i
’ ) cl
tigh. osures with bolted covers have all bolts installed and bolted

( )
5 A]l thleaded C()Ildult are WICnClltlght aIld CllClOSU € COvVers are tlghte]le
I d mn aCC()I(la]lCe
w lth the IIlaIlufaCtllI‘e] S lllstrllCtIOI‘lS.

pen entries 1nt ﬁ tin S, b()XCS or ¢ O €S 1]
6 he]e are no o € 0 11t g 3 IlCl sures hat W()uld C()mpr()mlse the

(7) All close-up plugs, breathers, seals, and drains are securely in place

(8) quarklng Of lllmll 1aires (11 lltlll letU.I [+ l O maximu ]a p watta, c d 1 C| re
g g
) T mum 1 al g an emp ratu,

(9) Required markings are secure and legible.

Equipm i i

Sgnnil terra\itn?:l:tenapce in hazardous locations should be performed only b
s o0 t'o malnta.m.the s.pecial electrical equipment. Employees shouyldpzr-
il electrin I|fy and eliminate ignition sources such as high surface temperaturee
ARELEs togz energy, and the buildup of static charges, and to identify the neefj,
s fo,re:qhuelprine?t_, arlmd tests. These individuals should be familiar with the
' electrical installation of the equi

. quipment and protecti =
tage mzmsvloylfd. They shogld understand that, for example, joinFt) com|:|>?):ntc(;Ch
i y weaken an explosionproof fitting during an ignition o i o
equired ground path. AR
Main i
o miziinnan;e personnel should be trained to look for cracked viewing win
o p,rOtectiog asteners, and damaged threads that may affect the integ?it of
L n sy'ste.m. All bolts, screws, fittings, and covers must be pro )érl
s t}.1e r(Tejraynr;flasz|tng ortdamaged fastener must be replaced with those siF::eciy
: urer to provi ici i |
e oy provide sufficient strength to withstand an internal
After equi i i
Mook preveiclggann;entl mtauntenance is performed, the integrity of the protective scheme
Sy or);zac;isr:;n muts)f be ristcred. Re-establishing the required air flow for a
a cable within a conduit fitting of i
are two examples of restoring the protective scheme PA$g P o=ionproof sy=iei

H .
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Worker Alert

You should be aware that
fasteners for hazardous
location equipment are
evaluated for the locations,
atmosphere, and chemicals
that they are designed to be
subjected to. These cover
bolts, screws, nuts, and
fittings are often a very
specific grade of metal
selected to withstand
internal explosions. You
should not substitute these
fasteners with any other
than those specified by the
manufacturer to avoid the
potential for a larger
explosion to occur.




Article 240 Personal Safety and Protective Equipment 250
r’-—_ |
" [ Portable Electric Tools and Equi  Article | 245 ||
. Fixed equipment is typically included in a maintenance program, but portable tools ‘
] ; i i tionary . / - '
; i cal Code (NEC) applies to installations of sta ;
Article 480 of NFPA 70, National Electri = (i o also referenced for the installation of are commonly pmlttgd. The lnjcermlttent use.of portable tools by many users for amul |
storage batteries. The standards that follow ar titude of tasks in various locations often subjects the tools to damage. Electrical shock
stationary batteries: and electrocution from portable tool use is often the result of improper handling or
\EEE 484, Recommended Practice for Installation Design and Installation of Vented storage. A facility’s electrical safety program must include the maintenance and inspec-
* iy : ; Applications tion of portable tools and equipment.
Lead-Acid Batteries for Stationary Appli _ s
« \EEE 485, Recommended Practice for Sizing Vented Lead-Acid Storage
i jcations L 245.1 Maintenance Requirements for Portable Electric Tools and Equipment.
StatlonaryAlgpllCG mended Practice for Installation and Maintenance of Nickel- | . it Worker Alert
l « IEEE 1 145’8 ftco.m for Photovoltaic (PV) Systems Attachment plugs, receptacles, cover plates, and cord connectors shall be maintained such that 2
Cadmium Batteries P am— : R 2 s . Equipment inspected prior
« |EEE 1187, Recommended Practice for Installation Design, and Installation of Valve ' the following criteria are met: t(?arf')iving & trl]oe workpsite
; ; - j Applications ffer d '
Requlated Lead-Acid Batteries for Stationary : ) . - may suffer damage in
. IEéqE 1375, IEEE Guide for the Protection of Stationary Battery Sys{ems ] y (1) There are no br.eali(s, damage, or cracks exposing energized conductors and circuit parts. transit. You should always
« IEEE 1578, Recommended Practice for Stationary Battery Spill Containment an (2) There are no missing cover plates. T T
Mana emént (3) Terminations have no stray strands or loose terminals. flexible cords prior to
gy ide for the Ventilation and Thermal Management of o , plugging the equipment
« |[EEE 1635/ASHRAE 21, Guide for the (4) There are no missing, loose, altered, or damaged blades, pins, or contacts. T aeRe o
Stationary Battery Installations (5) Polarity is correct. inspection of por.table
. . ] equipment is also important
240.1 Ventilation. A visual inspection should be conducted both when a tool is issued and when the tool to help uncover damage or
i b stem design and is returned to the storage area after each use. Employees should be trained to recognize defects from its use.
‘orced atural ventilation systems are required by the battery syste : : - :
WizeR forcec Or NALVE: ined and maintained to prevent buildup of explosive mix- visible defects such as cut, frayed, spliced, or broken cords; cracked or broken attach-
are present, they shall be examinc dnf ional test of any associated detection and alarm ment plugs; and missing or deformed grounding prongs. Damaged housings, broken
tures, This maintenance shall include a function switches, and missing parts should also be detected during a visual inspection. Any
systems. defect should be reported immediately and the tool removed from service and tagged
: ; S inte- “Do Not Use” until it is repaired.
2 .« ilation” implies there are no mechanical mechanisms. Mainte- | . '
Informational Note: .Naturatll Vefi‘;;la”;’i‘on“;lli’l'r;moval of any obstructions to natural air flow. Employees should be instructed to report all shocks immediately, no matter how
nafce includes activities such as inspe minor, and to cease using the tool. The tool must be immediately removed from service,
. nstruction and chemisty, ventilation of the battery room i, A epe A  2 LS [ Bl O
DS din COI i tem is designed to provide for sufficient diffu- d Al d of the GECI hould b h K shif |
) . s i 1 .
may not be re'qw.red. A ventilation sy  the accumulation of an explosive mixture. correctg -Also, a record o ‘t e tripping s ould be given to the next work shift.
sion and ventilation of gases to preveg d and ventilation may be achieved by other Periodic electrical testing of portable electric tools can uncover operating defects.
. A A ate and venti A q q n q a
Mechanical ventilation may r?ot pe man oniyincludes/any clecirical system but Nonfunctlomng and rTlaIfunctlon.lng equipment should be return(.ed for repair before
means. Maintenance of ventilation systems no (I) b . T g —— continued use. Immediate correction of a defect ensures safe operation, prevents break-
i e of the associated mechanical systems suc : 7 A down, and limits more costly repairs.
?{lizer??:;?jn:;‘l:aust ports. Where necessary, NFPA 1, Fire Code, requires ventllat{on |nf yrep
accorda;nce with the mechanical code, and either limits the max.imum cqncgntratnon :)
hydrogen to 1.0 percent of the total volume of the room or requires ventilation at a rate 1 .
of not less than 1 f&3/min/ft? (5.1 L/sec/m?) of floor area.

Article | 250

| Personal Safety and Protective
240.2 Eye and Body Wash Apparatus. | Equipment

Eye and body wash apparatus shall be maintained in operable condition.

Proper maintenance of eye and body wash apparatus ensures that they supply clean, The use of PPE is the last protective measure an employer may specify after exhaust-

otable water and that they are in proper working order. A maintenance progran'j ‘ lng all the other hierarchy of risk control methods for minimizing the risk of employee
Ehould define guidelines for inspection, testing, and maintenance that includes proce | injury. Since PPE is an employee's final opportunity to avoid severe injury in the event
; testing. l of an incident, employees have a vested interest in maintaining PPE. The condition of

dures for flushing and flow rate testing > . :
the PPE has a direct impact on the employee’s well-being. Therefore, employees should
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Article 250

250.2(B) Personal Safety and Protective Equipment

250.3(B)

Worker Alert

You should take a personal
interest in any PPE,
including tools, that you use
to perform tasks. This
equipment is your last line
of defense that may prevent
serious injury or your death.
Poorly maintained gear
cannot only initiate an
incident but also may
increase the severity of your
injury.

Worker Alert

Regardless of your
employer’s inspection
program, you should

visually inspect all gear prior
to use. This serves as a final
check of the equipment’s
potential to prevent a
serious injury.

194

take an active role in inspecting and maintaining this special equipment. See 130.7 for
additional information and requirements for the selection of PPE.

250.1 Maintenance Requirements for Personal Safety and Protective Equipment.

Personal safety and protective equipment such as the following shall be maintained in a safe
working condition:

(1) Grounding equipment

(2) Hot sticks

(3) Rubber gloves, sleeves, and leather protectors
(4) Test instruments

(5) Blanket and similar insulating equipment

(6) Insulating mats and similar insulating equipment
(7) Protective barriers

(8) External circuit breaker rack-out devices

(9) Portable lighting units

(10) Temporary protective grounding equipment
(11) Dielectric footwear

(12) Protective clothing

(13) Bypass jumpers

(14) Insulated and insulating hand tools

This is not an all-inclusive list of PPE that may be used by the employee. To ensure
reliability, all equipment must be maintained in accordance with manufacturers’instruc-

tions or listings.

250.2 Inspection and Testing of Protective Equipment and Protective Tools.

(A) Visual. Safety and protective equipment and protective tools shall be visually inspected
for damage and defects before initial use and at intervals thereafter, as service conditions re-
quire, but in no case shall the interval exceed 1 year, unless specified otherwise by the appli-
cable state, federal, or local codes and standards.

Although an inspection of PPE may be conducted at regular intervals, the employee
should visually inspect each component immediately before use to verify that no visual
defects exist in the equipment. The employee is the last one to inspect the equipment
before it may be called upon to prevent a serious injury. See Informational Table 130.7(C)(14)
for specific ASTM standards that describe what aspects of the equipment should be
included in the visual inspection.

In some instances, such as rubber insulating equipment, the PPE should have a
date stamp or other means of identification that indicates when the equipment must be
retested. The visual inspection must verify that the equipment has not passed the date in
which retesting is required. See Table 130.7(C)(7) for test intervals and the informational
note to 130.7(C)(7)(c) for specific ASTM standards for rubber insulating equipment.

A (B) Testing. The insulation of protective equipment and protective tools, such as items speci-

fied in 250.1(1) through 250.1(14), that is used as primary protection from shock hazards
and requires an insulation system to ensure protection of personnel, shall be verified by the
appropriate test and visual inspection to ascertain that insulating capability has been retain
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before initial use, and at intervals

and instructions require, but in no case shall the interval exceed 3 years

See Informational Note Table 130.7(C)(14)
requirements.

250.3 Safety Grounding Equipment.

Te : . .
terr;zc;r:g tprotfectlve grounding equipment, safety grounds, and ground sets a
e (o] rg erto pfersonal protective grounding equipment. Temporary protecti\arFe
J devicesgi :i:g:;tefnt is normally constructed with insulated conductors terminates
i ’ or connection to a bare conductor o
mfor_lr_nation regarding the use of this equipment e i
em . . - ’
e forprc;;agdplr(oeiepcif:;e%_rloqulngf;quapment should be assigned an identifying
For - The identifying mark can be recorded wh i
3. Th en th -
gin;easr;nstallzd on a circuit. After the task has been performed, the eqsieg":;gt
<an prOteTg:I/Z and the |dent!fying mark logged. This will confirm that all tgmpo-
ary grounding equipment has been removed prior t izi
atbL prior to re-energizing the
S . . .
compg:;g;?l;?odr;n%api testing devices are designed to be inserted (racked) into a
) ich a circuit breaker or disconnect has b
- . ee
devices can be inserted only into specific spaces. See Exhibit 250.1 e

EXHIBIT 250.1

A ground and test device for rack

systems. (Courtesy of Schneider
Electric)

Circuit breaker
compartment

Access door key key interlock

interlock
Temporary
ground cables

| o
— i
Primary :_ Team—
grounding — -
bars E 1 . Eepyare interlock

(A) Vis Son: i
i ::‘;. c};ersondl protective ground cable sets shall be inspected for cuts in the protective
amage to the conductors. Clamps and connector strain relicf devices shall be

checked for tightnes : :

: ghtness. These inspections shall b i

fione X . S ¢ made at intervals thereaft i i
Ons require, but in no case shall the interval exceed 1 year. SeagsemICEIEona=

Temporary protective groundin

each use, g equipment should be visually inspected before

B . . .
(B) Testing. Prior to being returned to service, temp

33 been repaired or modified shall be tested. orary protective grounding equipment that

H
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thereafter, as service conditions and applicable standards

for ASTM standards that describe testing

OSHA Connection

29 CFR 1910.137(c)(2)

Specific requirements apply
torubber insulating
blankets, rubber insulating
covers; rubber insulating
line hose, rubher insulating
gloves, andirubber '
insulating sleeves, The
employer musticertify that
equipmenthas been tested,
The certification must
identify'the equipment that
passed the test and the date
it wastested,
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Article 250

Worker Alert

You should inspect the
equipment, including the
lead, prior to use. Test leads
that are not specifically

designed for the piece of
equipment must be avoided
since they can expose you to
risk of electrocution or arc
flash injury.
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Informational Note: Guidance for inspecting and testing safety grounds is provided in ASTM
F2249, Standard Specification for In-Service Test Methods for Temporary Grounding Jumper As-
semblies Used on De-Energized Electric Power Lines and Equipment.

Temporary protective grounding equipment must be capable of conducting any
available fault current long enough for the overcurrent protection to clear the fault.
A destructive test is normally performed when a manufacturer determines the rat-
ing of specific devices. However, destructive testing is not an option for equipment
that will be used again. For maintenance testing of temporary protective ground-
ing equipment, see ASTM F2249, 5 tandard Specification for In-Service Test Methods for
Temporary Grounding Jumper Assemblies Used on De-Energized Electric Power Lines and

Equipment.

(C) Grounding and Testing Devices. Grounding and testing devices shall be stored in a
clean and dry area. Grounding and testing devices shall be properly inspected and tested

before each use.

Informational Note: Guidance for testing of grounding and testing devices is provided in Section 9.5
of TEEE C37.20.6, Standard for 4.76 kV to 38 kV-Rated Ground and Test Devices Used in

Enclosures.

Grounding and testing devices must not only be visually inspected for defects but also
tested before each use. IEEE C37.20.6, Standard for 4.76 kV to 38 kV-Rated Ground and Test
Devices Used in Enclosures, provides information on integrity tests for grounding and

testing devices.

250.4 Test Instruments.

Test instruments and associated test leads used to verify the absence or presence of voltage
shall be maintained to assure functional integrity. The maintenance program shall include

functional verification as described in 110.4(A)(5)

Test instruments used in the verification of the absence or presence of voltage are
critical to worker safety. The maintenance program must include operation of the test
instrument on a known voltage source to verify proper operation of the test instrument,
as well as any calibration required within the manufacturer’s instructions.

CHAPTER

Safety Requirements for
Special Equipment

Sc?me facilities use electrical energy in unique ways that differ from most general ind
tries. In some cases, the electrical energy is an integral part of the manufacturin o
cess.In otheirs, the electrical energy is converted to a form that presents unigue haiarl)'zii-
Wh.en eI_ectrlcaI energy is used as a process variable, the general safe work ractice.
c!efmed in Chapter 1 can become unsafe or produce unsafe conditions. Cha te$3 d'S
fies the requirements of Chapter 1 as necessary for use in special situa'.cionsp -
Some workplaces require equipment that is unique. For example résearch and
development facilities frequently use equipment that exposes employ,ees to uni .
hazarf:is. General safe work practices might not mitigate that exposure adequately. Chaptzlrjg
;)erml(';s' an employer to comply with appropriate requirements from Chapter 1 by
mending requirements that are not appropriate for the specific conditions. Chapter 3
supplements or modifies the safety-related work practices in Chapter 1 \;vith pf
requirements for special equipment. e
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300.1 Scope.

p 3 T, p Cl 1 al qI.Il[)Inellt 1n the W()Ik[)lace a (l mo 116 the € al
Cha ter covers spe al electric € h
il dl S h g ne

ChapFerIB covers a.dditional safety-related work practices that are necessary for the
prac’Flca safeguardlng of employees relative to the electrical hazards associated with
special equipment and processes that have not been excluded by 90.2(B).

300.2 Responsibility.

The employer shall provide safet i
y-related work practic d ini
shall follow those work practices. ’ e employee ining The conployes

;l'mhelemployer must. define the electrical safety program, and employees must
plement the requirements defined in the program. An electrical safety program
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INFORMATIVE ANNEX

| imits of Approach

This informative annex is not a part of the requirements of this NFPA document but is included
for informational purposes only.

Informative Annex C provides information to illustrate approach boundaries. The infor-
mation is intended to provide suggestions regarding workers’ safe approach to each
limit. The approach limits trigger the need for greater control of work performed inside
that approach limit.

C.1 Preparation for Approach.

Observing a safe approach distance from exposed energized electrical conductors or circuit
parts is an effective means of maintaining electrical safety. As the distance between a person
and the exposed energized conductors or circuit parts decreases, the potential for electrical
incident increases.

C.1.1 Unqualified Persons, Safe Approach Distance. Unqualified persons are safe when
they maintain a distance from the exposed energized conductors or circuit parts, including the i
longest conductive object being handled, so that they cannot contact or enter a specified air
insulation distance to the exposed energized electrical conductors or circuit parts. This safe |
approach distance is the limited approach boundary. Further, persons must not cross the arc
flash boundary unless they are wearing appropriate personal protective clothing and are under
the close supervision of a qualified person. Only when continuously escorted by a qualified
person should an unqualified person cross the limited approach boundary. Under no circum- ‘
stance should an unqualified person cross the restricted approach boundary, where special |
shock protection techniques and equipment are required.

According to 130.3, safety-related work practices must be used to safeguard employees |
from injury when the risk of exposure to electrical hazards or potential electrical hazards
| is unacceptable, and the work practices must be consistent with the nature and extent |
| of the hazard. These work practices are used to protect employees from the risk associ-
| ated with the four conditions of electrical hazards: arc flash, arc blast, thermal burn, and
‘ | electrical shock.
The restricted and limited approach boundaries only address the potential for elec- |
tric shock or electrocution. An unqualified worker within the limited approach bound-
ary may be at risk of an arc flash injury even when under the close supervision of, or
while continuously escorted by, a qualified person. Any person must not be allowed to
cross the arc flash boundary without first receiving the specific safety-related training to
understand the hazard(s) involved and the appropriate use of the necessary PPE.




Annex C Limits of Approach
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l\ C.1.2 Qualified Persons, Safe Approach Distance.
Th _

C.1.2.1 Determine the arc flash boundary and, if the boundary is to be crossed, appropriate ree approach boundary distances for 600-volt MCC.

arc-rated protective equipment must be utilized.

C.1.2.2 For a person to cross the limited approach boundary and enter the limited space, a _ e Rosth :
person should meet the following criteria: - - ' ap;{,';é?,d : Bﬁb\; McC ' '
- boundary -~ ﬁ'f-l'-'"' J

(1) Be qualified to perform the job/task ! '
(2) Be able to identify the hazards and associated risks with the tasks to be performed ! . Exposed J
Limited energized
|' \ |I approach parts
e boundary

(C.1.2.3 To cross the restricted approach boundary and enter the restricted space, qualified

persons should meet the following criteria: l.l | i
! Arc flash 5t
[ i boundary

(1) As applicable, have an energized electrical work permit authorized by management. T+
3ft6in.

(2) Use personal protective equipment (PPE) that is rated for the voltage and energy level I,f

| involved.

| (3) Minimize the likelihood
parts from inadvertent movement by keeping as much of
space as possible and using only protected body parts in the space as necessary to accom- '

plish the work.
(4) Use insulated tools and equipment.

of bodily contact with exposed energized conductors and circuit 2 l
the body out of the restricted '

(See Figure C.1.2.3.) ' C.2 Basi i .
| asis for Distance Values in Tables 130.4(D)(a) and 130.4(D)(b)

The information i i
| i contained in Tables 130.4(D)(a) and 1 i i
S sources. Section C.2 explains how the table distances \fv(t)a'r‘le( 25?&23 Sl

/' Limited h
) / bmnzar?/ppmac . Ge.neral Statement. Columns 2 through 5 of Tabl
show various distances from the exposed able 130.4(D)(a) and Table 130.4(D)(b)

Limited space include di . energized electrical cond ircui
ir ‘ uctors : ;
i ;ﬁ];smrlls Fhat are added to a basic minimum air insulation d?srlz: mo el
nsulation distances for voltages 72.5 kV and under are based ;C?ETI‘EIE}T o
= ; n , Stan-

Any point on an dard Techniques for Hi
exposed, energized r High Voltage Testing, i .
xposed, energi on IEEE 516, Guide for Maintenance f:i? s e and voltages over 72.5 KV are based

electrical conductor
V% s ‘ . ( hods on Energi j
% or circuit part Isulation distances that are requi F i o el G
el equired to avoid flashover are as follows: "
bound
undary (1) <300V: 1 mm (0 ft 0.03 in.)
2) >300V to <750 V: 2 mm (0 £t 0.07 in.)
(:) >750 V to <2 kV: 5 mm (0 ft 0,19 in.)
ES) >2kV to <15 kV: 39 mm (0ft1.5in.)
.(6; >I5kV to <36 kV: 161 mm (0ft6.3in.)
TR — A 22‘6 kV to <48.3 kV: 254 mm (0 ft 10.0 in.)
\ . 8.3 kV to £72.5 kV: 381 mm (1ft3.0in.)
! 5 z?is kV to <121 kV: 640 mm (2 ft 1.2 in.)
8 : |
Exhibit C.1 illustrates the three approach boundary distances for a 600-volt motor (10) >161kv el L G,
control center (MCC) when the risk assessment is conducted using the PPE category (11) 5230 l[:z :0 5569 i
02242 kV: 1.281 m (4 ft 2.4 in.)

method. l
Elg 2245 KV to €362 kV: 2.282 m (7 ¢ 5.8 in.)
..“4] ﬂgo kVto <550 kV: 3.112 m (10 ft 2.5 in.)
5 kV to <800 kV: 4.225 m (13 ft 10.3 in.)

Restricted space
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e been selected to group voltages that require zlml—
f the electrical withstand distanc.e and an ina v§r—
limit for a range is the maximum voltage for

C.2.1.1 Column 1. The voltage ranges hav
lar approach distances based on the sum o

factor. The value of the upper . b
‘E“Lt:?“;:’e‘:’ r?g;nli‘::l()\l/oltage in the range, based on ANSI C84.1, Electric Power Systems
the highes

E Uuipm nt LOllage Jeat”lgs { 60 1“2:]. I or SlIlgle—phaSC SySteIIIS, SeleCt t]:le Iallge ttlat 18 eqllal
to the Systelll S maximum plld.‘!e't(]‘glound VOltage Illultlphed by ] . ; 32.
q lp €

stances in column 2 are based on OSHA’s rule for unqualified per-

et ges up to S0 kV (voltage-to-ground),

sons to maintain a 3.05 m (10 ft) clearance for all volta
plus 100 mm (4.0 in.) for each 10 kV over 50 kV.

C.2.1.3 Column 3. The distances in column 3 are based on the following:

i iti 1V to 600
(1) <750V:Use NEC Table 110.26(A)(1), Working Spaces, Condition 2, for the 15

V range. . o
2) >7r5aO%/ to <145 kV: Use NEC Table 110.34(A), Working Space, Condition

(3) >145kV: Use OSHA’s 3.05 m (10 ft) rules as used in Column 2.

i i ions
2.1.4 Column 4. The distances in column 4 are based on adding to the flashover dimenst
C.2.1.4 Colu =

shown in C.2.1 the following inadvertent movement distance:

<300 V: Avoid contact.

Based on experience and precautions for household 120/240-V systems:

300 V to <750 V: Add 304.8 mm (1 ft 0 in.) for inadvertent movement.

quate over years of use in ANSI/IEEE C2, Na-

to be ade in
These values have been found pISs e e

tional Electrical Safety Code, in the approach distances
>72.5 kV: Add 304.8 mm (1 ft 0 in.) for inadvertent movement.

i I/IEEE C
These values have been found to be adequate over years of use in ANS

tional Electrical Safety Code, in the approach distances for supply workers.

2, Na-
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Incident Energy and

Arc Flash Boundary
Calculation Methods

This informative annex is not a part of the requirements of this NFPA document but is included
Jfor informational purposes only.

Informative Annex D illustrates how the arc flash boundary and incident energy might
be calculated. These examples are not intended to limit the choice of calculation meth-
ods; the method chosen should be applicable to the situation. All the publicly known
methods of calculating the arc flash incident energy and arc flash boundary produce
results that are estimates of the actual values. The thermal hazard associated with
an arcing fault is very complex, with many variable attributes having an impact on the
calculation.

NFPA and IEEE (Institute of Electrical and Electronic Engineers) have issued the”|EEE/
NFPA Arc Flash Phenomena Collaborative Research Project”report (March 2, 2017). This
project produced data to further understand arc flash phenomena, as well as data on
the non-thermal effects of arc blast.

The arc flash hazard is not limited to three-phase systems. Single-phase systems
can also present an arc flash hazard and must be considered. The Annex D calcula-
tion examples do not specifically address single-phase systems. For example, the IEEE
1584, Guide for Performing Arc Flash Hazard Calculations, theoretically derived model is
intended for use with applications where faults escalate to three-phase faults. However,
it may be used where single-phase systems are encountered, but the result will likely be
conservative.

NFPA 70E does not place an upper limit to the level of incident energy an
employee may be exposed to during a justified energized task. Employees who might
be exposed to an arcing fault must wear arc-rated clothing or use other equipment
to avoid a severe thermal injury. Protecting employees from the thermal effects of
an arcing fault does not necessarily protect them from injury. An arcing fault exhib-
its characteristics of other hazards. For instance, the arc may generate a significant
Pressure wave. An employee could be injured by the pressure differential developed
between the outside and inside of the body. The calculations illustrated in this infor-
Mative annex do not determine the pressure wave value. Currently, there are no stan-

dards available that address worker protection from the effects of any pressure wave,
shrapnel, and so forth.

D.1 Introduction.

summarizes calculation methods available for calculating arc flash
Oungd

ary and incident energy. It is important to investigate the limitations of any methods

INFORMATIVE ANNEX
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Annex D

for the short-circuit current for the

ccurate value
of the battery. A more a "
)ion can be obtained from the battery manufacture

gravity of 1.215
specific applicat

- ] ili ers Systems for
EE 946, Recommended Practice for the Design of DC Auxiliary Pow Y.
1. IE }

Generating Stations.

2018 Handbook for Electrical Safety in the wo

Electrical Safety Program

This informative annex is not a part of the requirements of this NFPA document but is included
Jor informational purposes only.

Informative Annex E provides information that could be used as the groundwork for an
electrical safety program.,

(See 110.1, Electrical Safety Program.)

E.1 Typical Electrical Safety Program Principles.

Electrical safety program principles include, but are not limited to, the following:

(1) Inspecting and evaluating the electrical equipment

(2) Maintaining the electrical equipment’s insulation and enclosure integrity
(3) Planning every job and document first-time procedures

(4) De-energizing, if possible (see 120.5)

(5) Anticipating unexpected events

6) Identifying the electrical hazards and reduce the associated risk

)] Protecting employees from shock, burn, blast, and other hazards due to the working
environment

(8) Using the right tools for the job
(9) Assessing people’s abilities
(10) Auditing the principles

E.2 Typical Electrical Safety Program Controls.

Electrical safety program controls can include, but are not limited to, the following:

(1) The employer develops programs and procedures, including training, and the employees
apply them.

2) Employees are to be trained to be qualified for working in an environment influenced by
the presence of electrical energy.

() Procedures are to be used to identify the electrical hazards and to develop job safety plans

to eliminate those hazards or to control the associated risk for those hazards that cannot
be eliminated.
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INFORMATIVE ANNEX

Every electrical conductor or circuit part is considered energized until proved otherwise.
e to work on is, in

C)

H (5) De-energizing an electrical conductor or circuit part and making it saft
itself, a potentially hazardous task.

Tasks to be performed within the limited approach boundary or arc flash boundary of

lectrical conductors and circuit parts are to be identified and catego-

Risk Assessment
and Risk Control

©)

exposed energized ¢
rized.

(7) Precautions appropriate to the

working environment are to be determined and taken.
(8) A logical approach is to be used to determine the associated risk of each task.

E.3 Typical Electrical Safety Program Procedures.

Electrical safety program procedures can include, but are not limited to determination and
|

assessment of the following:

(1) Purpose of task
(2) Qualifications and number of employees to be involved This informative annex is not

. : S not a part of th 7 .
Jor informational purposes only. f the requiremenis of this NFPA document but is included

(3) Identification of hazards and assessment of risks of the task
i

(4) Limits of approach
(5) Safe work practices to be used 'cf::;:‘ |nformatiye annex deals with risk assessment and risk i
 sdevak s e — com;r:);:efd of risk estimation and risk evaluation. Risk con':rs IFOHUOI- isgees e e |
. | . : |
(7) Insulating materials and tools involved toan accer:?;l;relhlgTESt e e level o contm’;?ncg:zorites ey |
. i i e e ‘
| (8) Special precautionary techniques of risk reductio EV? e ek atiiand Tne oy IS i rEdl.Jce s J
'| (9) Electrical single-line diagrams Electrical sgfgg’tl‘l m s ol o R
issues (not health i ;
| . | ) ‘ issues) are th i
0 i s crc:m ?n ox_rerafl safety point of view, both health and f ff0cu§ = sfandard. i
(11) Sketches or photographs of unique features pz:)tf;? tT Isisues. need to be assessed and prioritized :I;z:ssres ety isues inclue the
tial e ectrical hazards of electrical shock, arc fiash arzabl;iietaynﬁsses ln?fUdE e
! . urns from hot

and the appropriate PPE necessary for the assigned task
¥ F.1 Introduction to Risk Management

In a general sense, ri ,
will lead to som:et:;:;;?lr:}be de:sc.rlbed as the potential that a chosen action or inacti
as a combination of the ik :;ﬁégg‘gfy For the purpose of electrical safety, risk is'g:;;lgg
results from a h | of occurrence of injury and the severity of ini
azard.The type of injury (either direct or indirect) canvstreltc:)gﬁzggzry i |
y con-

I .
Risk man, n
Management is the logi
X E ogical, syst i

L gical, systematic process used t i w

activity, process, function i i i it i .
e risk ——— m: (:Jr ';)rqducfl i{lc[udmg safety, the environment qualit iy
process and principles can be used by orwanizatinn; ot" 2 e g
g any type or size.

The following ri
ing risk manage inci :
Managemen: gement principles can readily be applied to electrical safety, Risk

(1 Isan
: an i
Integral part of all organizational processes and decision maki
ng

Is ]
Systematic, structured, and timely
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Annex F Risk Assessment and Risk Control
i

N F.1.1 Occupational Health and Safety (OHS) Risk Management. The same logical,
systematic process and the same principles apply to risk management in the OHS sphere of
it is more focused and the terminology more narrowly defined, as follows:

(3) Is based on the best available information X
(4) Takes human and cultural factors into account S simmle o

ic, i i sponsive to change
(5) Is dynamic, iterative, and resp f the organization ot e e e TR o
(6) Facilitates continual improvement ot the org

(2) Sources of risk are referred to as hazards.
o 0 31000:2009, . = il — N o
1 Note: For more information on risk management principles see IS (3) Analyzing and estimating the level of risk is a combination of the estimation of the likeli-
Informational Note:

Risk Management — Principles and Guidelines. hood of the occurrence of harm and the severity of that harm.

(4) The level of risk is evaluated to determine if it is reasonable to conclude that freedom
from harm can be achieved or if further risk treatment is required.

) (5) Risk treatment is referred to as risk contr ol.
(1) Communication and consultation o

blishing the risk assessment context and objectives
(2) Establishin

The risk management process includes the following:

Therefore, OHS risk assessment involves the following:
(3) Risk assessment

(4) Risk treatment t results and risk treatment decisions (1) Hazard identification: Find, lst, and charactering hagands.
the risk assessmen

(5) Recording and reporting i (2) Risk apalysis: Sources, causes, and potential consequences are analyzed to determine the
(6) Monitoring and reviewing risks following:

wing; a.  The likelihood that harm might result
b.  The potential severity of that harm
. Estimate the level of risk

i i the follo
Risk assessment is the part of risk management that involves

O A e v o ' Juiists (3) Risk evaluation: The level of risk is evaluated to determine if the objective of freedom
(2) Analyzing the sources of risk to estimate a level o

) T eEaued from harm can reasonably be met by the risk control that is in place or is further risk con-
(3) Evaluating the level of risk to determine if risk treatment 1s req oI e

(See Figure F1.) Users of NFPA 70F will likely follow their own version of the occupational health and
l safety (OHS) risk management system to conduct the required shock and arc flash risk
assessments.
Establishing the context
Step 1: Hazard Identification
Risk assessment y Hazard identification is possibly the simplest step in the process. What a possible |
Hazard identification source of injury is to an employee from an electrical safety context is typically obvi- .
‘L _ ous. NFPA 70E currently addresses only two hazards directly — electric shock and ‘
- Mg?]'(;"r arc flash burn. As part of the risk assessment, it is necessary to address all electrical
Risk analysis e Yiov hazards. The definition of electrical hazard in Article 100 includes any of the follow- !
'L ing: electric shock, arc flash burn, thermal burn, or arc blast. Other known hazards |
o include flying parts, molten metal, intense light, poisonous oxides, and generated .
Pressure waves (blasts). ’
i Step 2: Risk Analysis
Risk control ' The second step is more difficult to define. The risk related to an identified hazard }
| IS composed of the severity of the possible injury and the likelihood of occurrence |
i of that injury. A qualitative rather than quantitative approach may be necessary to
&stimate the likelihood of harm, the severity of the injury, and the level of risk associ- |
] ment Process : : A
FIGURE F1 st(l)c %%’Z)%g;gure 3). 8ted with the hazard. Often, three factors are estimated independently and used to ]
(Adapted from IS determine the likelihood of the occurrence of harm. These independent factors are as
o text Ollows:
e into a specific con _
situation must be placed in L R Jash
‘ For risk 1o b propeity assessss, e t may be different if the objective is arc f 1

- d. A risk assessmen : isk of injury: The frequency and duration of the exposure
& thi‘ObJ:act::\: td::r ghock protection. An exposed hazard introduces a risk 2
protection

\ injury- If o Thelikelihood of occurrence of the hazardous event
i k of personal inj _
i r the room, there is no risk © ? sed: - The like[i 3 p P
If employees are not pe;n?lt:efht; f:;; the risk of personal injury is greatly mcrs; i likelihood of avoiding or limiting the injury
ermitted into ' itional increas ;
empioye?:\z:zlpl)tasks in proximity to that hazard may pose an adg:n?e:z
H]?i\:;\;y Without context or objective, the risk assessment is incomp
fo) 1

. kplact Hand . .
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Annex F Risk Assessment and Risk Control
—~
¢
The occurrence of a hazardous event influences the likelihood of the occurrence of The likelihood of avoiding ini
injury. The possibility of the hazardous event occurring should address the likelihood of of the electrical system desi ?’1 nJudr){ may be estimated by taking into account aspects
the event materializing during the use or foreseeable misuse, or both, of the electrical limit the injury from a hazardgThanf I'ts Ir)tended application that can help to avoid or
system. Foreseeable characteristics of human behavior that may impact the likelihood - The following are examples:
of an occurrence are stress (e.g., due to time constraints, work task, perceived damage 1. Sudden or gradual
limitation) and lack of awareness of information relevant to the hazard. Human behavior 2. Spatial possibilit tapy:?earance of the hazardous event
will be influenced by factors such as skills, training, experience, and complexity of the 3, Nature of the cozq:oWlthtdraw from the hazard
equipment or the process. : nent or system — for exam
| g bjectivi : ial i It of the risk ngnts, which reduce the likelihood of ; ple, the.u5e of touch-safe compo-
ubjectivity may have a substantial impact on the result of the risk assessment. 4. Likelihood of recogniti contact with energized parts
The use of subjective information should be minimized as far as reasonably practicable. gnition of a hazard
When determining the Ilkellhoqd of the occurrence of a ha.zardous evept, it might be Severity of injuries can b i
helpful to ask the types of questions that follow. These questions are not intended to be ible injuries, and e estimated by taking into account reversible injuries. i
a complete or accurate list of the actual questions that should be asked or investigations »and death. Injuries, irrevers- |
undertaken.
Step 3. Risk Evaluation
1. Does the equipment meet the necessary normal operating conditions? Risk .
. evaluation is a determination if ri [
2. At what point in its rated life is the equipment? ermination if risk control . .
: i ified qb é iately tightened di employee from harm. Once the risk has b 'methOds can satisfactorily protect the |
3. Have all connections been verified to be appropriately tightene (torqued) in accor- tective measures, all - een estimated prior to the applicati
dance with the manufacturer’s requirements or appropriate industry standard? ful consideration' gf fr_lactlcable efforts must be made to reduce the ’isEOfi”}on Oprl'O- |
: . i ; ury. Care-
4. s any component, device, or equipment loose or damaged? be tak ailure modes is an important part of ri :
) ) en to ensure that b : risk reduction. Care sh |
? ! ! oth technical : . ; should
5. Doesthe encl.osure have all of its t?olts and Screws installed? ineffective risk reduction, are taken i and behavioral failures, which could result in |
6. Does the equipment have ventilation openings? risk assessment ' €n into account during the risk reduction stage of th |
7. s the enclosure arc rated? Situatione & . Cone
8. Are there openings in the enclosure that rodents or other vermin could enter? Ituations in which hazard elimination cannot b : " '
e I " o f R e ) anced approach in order to reduce the likelih © attained typically require a bal- J
?0 Wa:att aecfir;cn%iz;eane:nrlsl)fyrzén;ke?r moisture, dust, dirt, soot, or grease? control of access to an electrical St req?.lilrec;(iﬂe()f mJu;y. For example, the effective
8 g A X . u :
11. What error may an employee make? Saffe OhPEfat'nQ 'lnsFrucnons. qualification and trainin;e :nga];gers, aWarenES-s placards,
:2 resher or periodic training for all affected personnel ;n th = ?55 el it s
) - - " one are not suffici A e area. Engineeri
The following are circuit breaker (CB) condition questions: fevel , fﬁc'en‘t to reduce the remaining risk to a tol g catD .
evels of risk controls in Table F.3 must be impl 2 erable level. Often, all six
12. Has the right type been used? adequate risk reduction strategy plemented in some form to achieve an
; : Once the asses :
13. Has it been applied within its marked rating? 5 ¢ assessment has been completed i
14. Have the prOEzf conductor types and sizesgbeen used? df{'fermnpe_d_, it is imperative to ensure thaFt) the p:’:tz ?mtecwe measures have been
15‘ L ot ot $rror to initiating the electrical work. While this pro ;We measures are implemented
i X ion of the PPE required, i i cedure might not result in
R . . o 7, Al d redu -
16. Has the CB periodically been .operated in accorc'iance with the manufacturer’s hazards associatec?with a t:-, cl?uld Improve the understanding of the properties of thce
instructions or in accordance with standard(s) requirements? implementation of the protescttig:r?qreater ext;:nt and thus allow for improvement in the
easures that have been select
ed,

17. Has a calibration sampling program been instituted?
18. Has the CB interrupted high-fault currents or repeatedly interrupted fault currents? :
19. Has the operating temperature been checked under normal use conditions? IF.2 Relationshi
g - ~— ship to O i
20. Have insulation resistance and/or individual pole resistance (millivolt drop) tests p ccupational Health and Safety Mana
been performed?
21. Have inverse-time and/or instantaneous overcurr

- ‘ gement System (OHSMS).
sed in Annex P, the most effective application of the requirements of this standard
standari

- €an be achia i
ent trip tests been conducted? '-l'nm:c {thwed within the framework of an OHSMS Using ¢
odical approach to health - USINg @ management system provides a

22. Has a rated hold-in test been conducted? and saf;
Meag salety by means of eo; 3 A :
23. Have any accessory devices involved with the CB been tested? ea-‘;l.fement_ goal setting, planning, and performance
24. Have the surfaces been examined for evidence of overheating, blistering, cracks, 18k management shares the six management system
dust, dirt, soot, grease, or moisture? () | process elements of the following:
/ Leadership. If an

55 Have all electrical connections been verified to be clean and secure? Y venture is (o succeed i
. . § to succeed .
blistering the organization. it needs to be sponsored at the highest levels of

26. 1s there any discoloration or flaking of external metal parts, or melting or ©) p.:
of adjacent wire insulation? olicy. The organization sh '
_ _ ) ) ) ould articulate i - .
7. Ifthe CB has interchangeable trip units, have the trip units been visually checked for Q 8oals, ate 1ts vision and establish relevant, attainable
overheating or looseness? = Plan. A plan is dev il :
cloped in line with the organization’s vision and to achieve jts goal
s.

pldn must mc udE II](:C][a]I]S]I[S to measure a]l(l monitor I][e Success ()' c l)lall.
l
. S h

. Jac Hg
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Risk Assessment and Risk Control

-~
‘ \ ’ (5) Check (Monitor). The success of the plan in achieving the organization’s goals is continu- illustrates the iterative pro f
ously monitored. eval cess of applying the hie :
uated rarchy of risk :
i (6) Act (Review). The measuring and monitoring results are compared to the organization’s accepta bleaggejog:ryli;?apﬁ: IEdhas necessary until the{iSR of fn?'j:]ytr‘g!:ég 2E:d5';€'p ;
oo . . : er all other risk ¢ 0 an
goals for the purposes of reviewing and revising goals and plans to improve performance. selected. PPE is consi ontrols have been exh .
i onsidered the least effect austed should PPE be |
ive and lowe

| As noted in F.1, risk management is iterative. The repeating nature of the management
system plan-do-check-act (PDCA) cycle is intended to promote continuous improvement in

|
| health and safety performance. Safety A ™
| Risk assessment fits into the “plan” and “do” stages of the PDCA cycle, as follows: management | » Hazard identiication m

i = — e
i (1) Planning: Information used during the planning stage comes from sources that can I Risk assessment process :
‘_?, N |

|

1

| . . . . .
include workplace inspections, incident reports, and risk assessments. el Tt
. ) . . By _
[ (2) Do: Risk assessment 1s an ongoing activity. estimated risk

k.

i N F.3 Hierarchy of Risk Control. |'. Inhérenﬂ f.. S—
y safe design |

|
|| Desi | .
‘ The purpose of specifying and adhering to a hierarchy of risk control methods is to iden- 31 cgnirol (Z“';"'“,aﬁ?n o7 oyl
| tify the most effective individual or combination of preventive or protective measures to 5 . St't_“_t'°“) .
reduce the risk associated with a hazard. Each risk control method is considered less ef- l
" fective than the one before it. Table F.3 lists the hierarchy of risk control identified in this = L
and other safety standards and provides examples of each. |I stimated residual risk
!
I 1 - W
TABLE FE3 The Hierarchy of Risk Control Methods Dasign | Protective devices
| | . engineering — .
Risk Control Method Examples | information for use
J
| (1) Elimination Conductors and circuit parts in an electrically safe working condition | T —
(2) Substitution Reduce energy by replacing 120 V control circuitry with 24 Vac or I - oo A
mated residual risk

Vde control circuitry
Evaluation -!,

|
‘ | (3) Engineering controls Guard energized electrical conductors and circuit parts to reduce
' ~ the likelihood of electrical contact or arcing faults No )
|! |; (4) Awareness Signs alerting of the potential presence of hazards — mdulgt?ggﬁﬂii o .
| (5) Administrative controls Procedures and job planning tools e =
| ’ (6) PPE Shock and arc flash PPE Tve
b . Systems that increase
i | !. (ad r?l?r?i'szt?;:i):e | awareness |’
Although it can never be entirely eliminated, risk can be significantly reduced through and behavioral | Training/procedures
LI the application of the hierarchy of risk controls. Whenever the residual risk is unaccept- gope) - Work organization and [
' ‘ able, additional safety measures must be taken to reduce the risk to an acceptable level. ' instruction
’ ‘ The hierarchy is listed in order of the most effective to the least effective and must be L
applied in this descending order for each risk assessment. Once a hazard has been identi- £ et ) .
‘ | fied, it first must be determined if the hazard can be eliminated. During the electrical system e Zes'd“a' s
‘ design stage, methods should be employed to eliminate the hazard in its entirety. In the Evaluation <
| electrical system design and equipment selection phase, it is easier to utilize the most effec- S
tive controls of elimination and substitution to limit the risk associated with anticipated justi- - e Desired risk .
| fied energized work. In this first context, elimination is the removal of a hazard so that it does ~_reduction achieved? J
| not exist. This removes the potential for human error when interacting with the equipment: ' — |
Elimination of the hazard is often not an option for available or installed electrical J, Yes !
equipment. Although elimination also can be achieved by applying other controls such (" Personal protective [

_eauipment |
Verification, validation, ‘ |
\_and documentation |

4

|

‘ as through establishing an electrically safe work condition, these other controls intro=

| duce a potential for human error. Therefore, the initial attempt should be full elimind® |
tion of the hazard or substitution of equipment to minimize the hazard. )

‘ The result of each risk assessment should be evaluated to determine if the hierafChy:'

of controls could be further employed to lower the risk or reduce the hazard. Exhibit ™= Safety management
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Annex F

Risk Assessment and Risk Control

. ‘ N F.4 Hazard-Based Risk Assessment.

identi ized for ma-
In a hazard-based risk assessment, workplace hazards are identified and characterized

i . .
rocesses. the worksite, and the environment. Activities that might be affected by

e ikelihood of harm

i i i ivity is analyzed for 1
oo s idemiﬁedATll:)i nzfrﬁza;tsigfllitszi zlvl?shirft?‘(i[lna;tigri '22) priorit?ze risk redub'tiog decisions.
e Severl'tnyfhaItIilcl)'n frorf hazard-based risk assessments is useful to o.rgamzauon's whe?1
desigrl;ll;igl nsr())tr:rclil?ying, and purchasing electrical distribution .equipment. R1sel; Sci)i?;i(;lclli nllillzk
ct hen it is applied at the beginning of the e.qu1pn_16nt or proc e t.affect
morf)ee fgzlcli‘zi ‘;:y specifying “substitution” and “engineering” risk control methods thai
can

the likelihood of occurrence of harm or severity of harm.

N F.5 Task-Based Risk Assessment.

i i ¢ identi-
In a task-based risk assessment, a job is broken down into dlsf:rete tasl§s. Ijlaz?:l(liz ;zh e
fied for each task (often referred to as task-hazard pairs). The risk associated w

i d and evaluated. . vl
’ an%lﬁz 6t:aslailbased risk assessment is the most commonly used when performing a field leve

risk assessment.

N F.6 Risk Assessment Methods.
inati Idb
There are many risk assessment methods. The method or combination of methods should be
chosen based on the following:

(1) The application
(2) The desired result .
(3) The skill level of the persons performing the assessment

Some risk assessment methods include the following:

. . . d risk
(1) Brainstorming. An open group discussion regarding .hazarc(iiszithfz asso.c1;1t§;di ;fl_ls:g, EESSir; n
{ pre-job planning and during a jo !
control methods can be used as part o : .
2) Checklists. A list of common hazards and possible control methods is a us;fu.l tg)(];lrife(l)cf
i pre-job pla;nning and for job briefing purposes. See Annex I for an example of a jo

ing and planning checklist. o . N
3) Riik assessment matrix. A risk assessment matrix is commonly used to Sfluaglfgrf;eésfor
( risk. The matrix can be in a multilevel or a simple two-by-two format. See Fig !

an example of a risk assessment matrix.

|]1‘()]]|[a ona — | NS”
i s RlSk assessment techmques, and A ;

i 1 NOte: See ISO 31010, RlSk mdnagen]cnl e e

AIHA 210—2012 ()Ccupational Health and Sﬂ_'ﬁ?fy Mﬁ'nagement Svstems, for fllrther lnfﬂn'n alion

regarding risk assessment methods.

. acé
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Severity of Harm

Occuence of harm | EP19Y <[Selectoa | Enrgy > Seeca
Threshold] Threshold]
Improbabie Low Low
Possible Low High
Legend

Likelihood of Occurrence of Harm Severity of Harm
Improbable: Source of harm is adequately | Energy < [Selected Threshold):
guarded to avoid contact with hazardous Level of hazardous energy
energy insufficient o cause harm
Possible: Source of harm is not Energy > [Selected Threshold];
adequately guarded to avoid contact with | Level of hazardous energy
hazardous energy insufficient to cause harm

Risk Evaluation

Identify the risk controls in Place and evaluate the effectiveness of the controlis.
Prioritize actions taken to control risk based on the level of risk as follows:

Low: Risk Acceptable — Further risk control discretionary

High: Risk Unacceptable — Further risk control required before proceeding

A FIGURE Fé6 Example of a Qualitative Two-by-Two Risk
Assessment Matrix.

Several methods are available for qualitatively estimating risk, such as risk assessment

matrices, risk ranking, or risk scoring systems. Sample risk assessment matrices are
shown in Figure F.6 and Exhibit F.2. A matrix is an ordered presentation of data in a dis-
play of rows and columns that defines the cells of the array. A risk assessment matrix is
a simple table that groups risk based on severity and likelihood. It can be used to assess
the need for remedial action, such as the use of PPE for a given task, and to prioritize
safety issues,

The risk assessment matrix that appears in Figure F.6 displays the two factors that
have to be considered when evaluating risk: likelihood of the occurrence of harm and
the severity of the injury that can result. The columns and rows must then be assigned
values such as low and high. A matrix will become cumbersome if too many columns
and rows are used, and it will fail to impart the necessary information if too few are used.
Practically speaking, the maximum number of categories for a useful matrix is five.
Figure F.6 uses two for the rows (improbable and probable) and two for the columns
(first energy level and second energy level).

The risk assessment matrices in this informational annex and associated commen-
tary are only illustrations of aids that can be useful in prioritizing and in determining
remedial actions that should be considered and taken. There are many different risk
assessment matrices available, such as ANSI/AIHA Z1 0, American National Standard for

Occupational Safety and Health Management Systems, which displays a different presen-
tation than those presented here.

Likelihood of Occurrence of Arc Flash Event and Circuit Breaker Operation

Experience has shown that the likelihood of an arc flash event increases as people

interact with electrical equipment and that some types of interactions with electrical
Squipment increase the likelihood of an arc flash event happening more than others.

urning on a circuit breaker (CB) may increase the likelihood of an arc flash event more
than turning off a CB, for instance. CBs housed in electrical equipment enclosures that
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have been properly installed, applied within their ratings, and properly maintained
have a lower likelihood of causing an arc flash event than those that have not. Addi-
tionally, it is more likely that the actual incident energy level of a maintained CB will
be approximately the calculated level. It is known that incident energy level available
affects the seriousness of the harm — the greater the incident energy level, the more
harm that can be expected.

The risk of injury largely depends on the amount of energy available to the
breaker, how old it is, how well it is maintained, and the task that is to be per-
formed, among other factors. For example, there will be little risk when simply
operating (turning on and off) a well-maintained breaker in a dwelling with a
240-volt service and 10,000 amperes available. In contrast, a commercial build-
ing with an equally well-maintained breaker with 40,000 amperes available poses
greater risk.

Example: Circuit Breaker Operation While Energized

One example illustrates the use of a risk register and the other the use of a risk assess-
ment matrix. The examples should not be relied upon for any particular installation.
They are simply meant to demonstrate the thinking process required to perform a risk
assessment based on the principles included in Informative Annex F.

Background Facts. Using a selected risk register and a risk assessment matrix, an elec-
trical safety committee is analyzing two task scenarios to determine if additional safety
controls are required. The first task scenario is the operation (turning on and off) of
a 1600-ampere CB at a main 480Y/277-volt, non-arc-rated switchboard in a building
where the short-circuit current is calculated to be 35,000 amperes. The second task sce-
nario is the operation (turning on and off) of a 20-ampere HID CB in a 480Y/277-volt
lighting panelboard where the short-circuit current is 25,000 amperes. In both cases,
the electrical equipment is under normal operating conditions, the equipment is within
its rated life, a damp environment is not involved, and the CBs are operated while the
equipment is in a dead front configuration.

The switchboard has an incident energy level of 31 cal/cm?, and thelighting pan-
elboard has an incident energy level of 5.8 cal/cm? The 1,600-ampere switchboard
CB is operated twice a year when maintenance is scheduled for the facility, and the
20-ampere HID CB is operated twice a day to turn on and turn off the lighting. Of
the possible electrical hazards, only a risk assessment for the arc flash hazard will be

performed.

Analysis Using Risk Register. Scenario 1 illustrates the risk evaluation of the
1600-ampere CB in the switchboard, and Scenario 2 illustrates the 20-ampere CBin the
panelboard. The following tables selected by the safety committee are applicable to
these evaluations.

Scenario 1: The switchboard is not arc rated and the incident energy level is 31 cal/cm?,
therefore the severity selected from Commentary Table F.1is 6.The CBis operated twice
a year, so the frequency and duration of exposure from Commentary Table F.2 is deter-
mined to be 3. The likelihood of a hazardous event occurring is considered to be negli-
gible due to the proper application of the CB and switchboard, and the value selected
from Commentary Table F.3 is 1. Finally, since it is not anticipated that in every case the
switchboard enclosure would be breached should anarc flash event occur while operat:
ing the CB, the likelihood of avoiding or limiting injury is rare, and the value is selected
to be 3 from Commentary Table F.4.

kplafe
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COMMENT, 1
ARY TABLEF.1 Severity of the Possible Injury (Se) Classification

Severity of Injury

Irreversible — trauma, death e

Permanent — i
Revemb,et sl‘<e|etal damage, blindness, hearing loss, third-degree burns
— minor impact, hearing dama
. i ' ge, second-degree burns
Reversible — minor laceration, bruises, first-degree burns

- W o

COMMENTAR
Y TABLEF.2 Frequency and Duration of Exposure (Fr) Classification

Frequency of Exposure

= 1 per hour e

<1 perhourto > 1 per day :
<1perdayto =1 every 2 weeks
<1every 2 weeks to > 1 per year
< 1 per year

N W o

COMME ikeli
NTARY TABLEF.3 Likelihood of aHazardous Event (Pr) Classification

Likelihood of a Hazardous Event
— PrValue
Likely X
Possible
Rare
Negligible

- N W N

COMMENTA ikeli
RYTABLEF.4 Likelihood of Avoiding or Limiting Injury (Av) Classification

Likelihood of Avoiding or Limiting Injury

Impossible Av Value
Rare 5
Probable 3

1

Scenario 2: Should an arc flash inci
_ io 2. ash incident occur, it is assum
ld ar > edt
:}tsegréz/céf t?l:hllghtmg panelboard will not be breached Bazztda(:r?;?{r:?; i
i Mm%, the severity of injury is selecte '
gn the CB being operated twice per day, Vst ey
ommentary Table F.2 is determined to b
sWitchboard CB, the likelihood of an i

ent energy

eF.1.Based
the frequency and duration of exposure from

e 5. For the same reason as for the 1 600-ampere

i the like ncident is selected to be 1 from Co
ally, since itis assumed that the enclosure integrity remains intactmt?:;f::i{{

The completed risk re

‘ gister is displa
(I e i played as Commentary Table F.5. After evaluation,

_ : ittee has determined that a risk i i

e m arisk score higher

ety Z:Iz?p ;L :fdat:onaf s_afery Fontrols. However, for the givir: h::;:rlg r?ig U;re;

B b only administrative controls and PPE from th .

At plemented. Therefore,

g at. the use of PPE is require
& of PPE is not required when op

! e hierarchy of controls
based on their analysis, the committee has deter-

d w:hen operating the 1600-ampere CB and that the
erating the 20-ampere HID lighting panelboard CB.
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¢ iahti Iboard CB) COMMENTARY TABLEF.6 Definition of Terms and Risk Categories for Use in
- B CB) and Scenario 2 (20-A HID Lighting Panelboar . .
LEF.5 Risk Register for Example Scenario 1 (1600-A SW Risk Assessment Matrix
COMMENTARY TABLEF. Risk Score
H Likelihood of Occurrence of Harm Likelihood (Probability) of Occurrence
Severity Definite Almost certain of happenin
tary  Av(Commentary Ppening
io Se (Commentary ~ Fr(Commentary  Pr (Froz;:fg)a % Table F.4) Po (Fr + Pr + Av) Sex Po Likely Can happen at any time
ISVc:nar Hazard Table F.1) TableF.2) el = 7 42 Occasional Occurs sporadically, from time to time
;i — 6 3 1 1 7 7 Seldom Remote possibility; could happen sometime; most likely will not happen
1 /;:rc Aash 1 5 L Unlikely Rare and exceptional for all practical purposes; can assume it will not happen
2 Ic
: : Severity of Injury
; i isk Assessment Matrix. The electrical safety cor_nr!'uttee mcludde: N Death orpermanent totaldisatilty
Analysis Using Ris : isk assessment matrix (Exhibit F.2) based o L M e S
incident energy levels in their selected ris ia!il than or equal to 8 cal/cm? will not Critical Permanent partial disability or temporary total disability 3 months or longer
. Aayal rgy levels less tha . Sealie Medium Medical treatment and lost work injur
their assumption that incident E;,irgey Further, they have determined that the likeli 'y Minor medicaltreatmen poec e jJury
e ) 0ff tt:eaf:;ash e\;ent based on their equipment bging propgrly Slight First aid or minor treatment
hood of occurrence ot an tained is unlikely. Scenario 1 illustrates the risk evaluation i .
selected, installed, and mainta itchboard, and Scenario 2 illustrates the 20-ampere Risk and Risk Controls .
of the 1600-ampere CB in the swi , Extreme (Color Intolerable risk
CB in the panelboard. code red) Do not proceed
Immediately introduce further controls
Detailed action and plan required
High (Color code Unsupportable risk
e T Hoh c R o s
Risk assessment matrix

Requires senior management attention

Moderate (Color Tolerable risk
Severity of the injury (consequences) code yellow) Incorporates some level of risk that is unlikely to occur
Specific management responsibility
| Hikelinaod of light Minor Medium Critical | Catastrophic Consider additional controls
o9currgnge Stig Take remedial action at appropriate time
! oo 1710 =8 >8 to =40 >40 Low (Color code Supportable risk
callcm? i — green) Monitor and maintain controls in place
Unlikely Manage by routine
Seldom Procedures
Oocasional Little or no impact
cca
Likely
Definite
Notes:

1. Extreme equals 25 through 15.
2. High equals 12 through 9.

3. Moderate equals 8 through 4.
4, Low equals 3 through 1.

ince the incident energy level in Scenario 1 is greater than 8 calfcr: ar‘1sc:c I:zsssc :;lca):
40 c:?cC;? aid the likelihood of an incident isTE]ons;Ezi)t:;e*:tkj)at;gz;k:;i-‘},f,t ;e?r znalym 4
Egierﬂ irgéo:;cir::nisezsdssutr:aetdﬂ:z :jd?:i?:rj\:ifﬁtro?sr ?ndic;ted in Commentary Table F.6
e cigiigireeniﬁz r;? ?I?S er?::r;t;sessment level ist :;;fg;}g:—. }tgnl;talsgsv: h{:slg:ecgjai
e : b ‘
?c:e;]l)e;ljicnni? ;:2I:E:iﬁ:2§;§;%)* ::?Vaerl l?nﬁae;i isc ;ﬁ?rs;ﬁserreei aui:lsﬁeg.az:i Se:izi;li?
safety committee recommends that the existing

in Commentary Table F.6.
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Annex L INFORMATIVE ANNEX

Layering of Protective

L.2 Electrical Power Receptacles. ) ETETs -~
i 11 line are lex
ircui d receptacles in the ce 1 : Er
\ i Supplyh Clrculitiie?:llents of 668.21 of NFPA 70, thwnal Elecgzc.c;lsgflez b
‘ o elfetq eceptacles for portable electric equipment not. e 1 2
fei{)mmende; t:laat (fnly I;))neumatic—powelred portable tools and equipmen
cell areas an _

Clothing and Total
System Arc Rating

This informative annex is nota part of the requirements of this NFPA document but is included |J
Jor informational purposes only.

| of the individual layers. Exhibit M.1 shows an arc-rated PPE system of clothing.
When layers of clothing are worn, some air space is captured between the layers, Air
' is @ good thermal insulator and modifies the protective nature of the sum of the protec-
tive clothing. The resulting protection offered by the layers of clothing can be greater
or less than the sum of the protection afforded by the individual layers, Although this
annex discusses layering of protective clothing without testing of the entire system,
consultation with the clothing manufacturer is necessary.

M.1 Layering of Protective Clothing,

M.1.1 Layering of arc-rated clothing is an effective approach to achieving the required arc
tating. The use of al] arc-rated clothing layers will result in achieving the required arc rating
with the lowest number of layers and lowest clothing system weight. Garments that are not

M.1.2 The (otal system of protective clothing can be selected to take credit for the protection
| Provided by all the layers of clothing that are worn. For example, to achieve an are rating of
| 40 callem? (167.5 Jem?), an arc flash suit with anarc rating of 40 cal/em? (167.5 Jlem?) could
| be worn over a cotton shirt and cotton pants. Alternatively, an arc flash suit with a 25 cal/em?
”| l (104.7 Jem?) arc ratin £ could be worn over an arc-rated shirt and arc-rated pants with an arc
' taling of § cal/om? (33.5 Jfem?) 10 achieve a total system arc rating of 40 cal/cm? (167.5 Jiem?).

| :

is latter approach provides the required arc rating at a lower weight and with fewer total

- ayers of fabric and, consequently, would provide the required protection with a higher level
| Of Worker comfort.

. |
| Th? arcrating of a layered system of PPE is not simply a matter of adding together the An arc-rated PPE system of ;
| .'_'at!ngs of the individual pieces; some manufacturers provide data on the arc ratings  clothing. (Courtesy of Salisbury |
‘I ‘ of individyal parts. Exhibit M.2 is an example of how a manufacturer might supply by Honeywell) J
: SUch datg,

rkpldce
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q

EXHIBIT M.2

Curve showing the probability
of injury based on arc rating

materials in a layered PPE system.

(Courtesy of ArcWear.com)

298

Determination of ATPV, 50% Probability of 2nd degree burn ATPV = 40.9 cal/cm?

e 1 Probability Ei

90- of burn

] 5% 28.5

803 10% 317

704 20% 351

] 30% 374

& 60 40% 392

£ 43 50% 40.9

§ i 60% 42.7

o 40 70% 445

. 80% 46.8

%07 90% 502
20 # Pts = 21

] 05 # Pts above stoll = 10

] # Pts break-open = 3

o pmmm B " # Pts always >stoll =5 |
G R S SRR AL R # Pts always <stoll = 8

g e B T L B I L S
15 20 25 30 35 40 45 50 55 60 65
Incident energy (cal/cm?)

# Pts within 20% = 12
# Pts in mix zone =8

Fabric description:
Two layers, style 856917 - protera 1808.0 ozfyd? 271 g/m2 2 x 1 LH twill, 65% modacrylic

5% N317, navy 10057Q, AAD 8.0 oz/yd? 271 g/m? over style S961 indura ultra soft 11 oz/yd 373 g/m2
duck, 88% cotton 12% nylon, brown, AAD 11.6 oz/yd2 393 g/m2, ArcWear# 1102P86

M.2 Layering Using Arc-Rated Clothing over Natural Fiber Clothing Underlayers.

M.2.1 Under some exposure conditions, natural fiber underlayers can ignite even when they
are worn under arc-rated clothing.

M.2.2 If the arc flash exposure is sufficient to break open all the arc-rated clothing outerlayer
or underlayers, the natural fiber underlayer can ignite and cause more severe burn injuries to

d area of the body. This is due to the natural fiber underlayers burning onto areas

an expande
This can occur when the

of the worker’s body that were not exposed by the arc flash event.
natural fiber underlayer continues to burn underneath arc-rated clothing layers even in areas

in which the arc-rated clothing layer or layers are not broken open due to a “chimney effect.”

M.3 Total System Arc Rating.

ed when all clothing layers worn by &

M.3.1 The total system arc rating is the arc rating obtain
arc-rated:

worker are tested as a multilayer test sample. An example of a clothing system is an
coverall worn over an arc-rated shirt and arc-rated pants in which all of the garments are cong
structed from the same arc-rated fabric. For this two-layer arc-rated clothing system, the ai&
rating would typically be more than three times higher than the arc ratings of the individufﬂf
layers; that is, if the arc ratings of the arc-rated coverall, shirt, and pants were all in the rans:‘
of 5 cal/cm? (20.9 J/em?) to 6 cal/cm’ (25.1 J/em?), the total two-layer system arc rating WOU'S

be over 20 cal/cm? (83.7 J/em?).

M.3.2 It is important to understand that the total system arc rating cannot be determined by &
ing the arc ratings of the individual layers. In a few cases, it has been observed that the total §
tem arc rating actually decreased when another arc-rated layer of a specific type was added 1©
system as the outermost layer. The only way to determine the total system arc rating i

a multilayer arc test on the combination of all of the layers assembled as they would be W

er the ratings of

A total system arc rating is not simply a matter of adding togeth b
obtain an arc A4

individual pieces; the layered system as a whole requires testing to
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Example Industrial
Procedures and Policjes for

Working Near Overhead
Electrical Lines and Equipment

This informative annex is no 1 ]

P il Pt_{.,},,me_:;; i(:rt of the requirements of this NFPA document but is included
Informative Annex N illustrates electrical
for working near overhead lines. Al
enforceable, the measures contain
sa_fety procedure example, which i
prise a typical safety procedure.

safety measures that might be appropriate
though the content of this informative annex is not
ed here are effective, See Supplement 3 for anothe

llustrates the types of information that should cc)mr

N.1 Introduction.
This informative : i
s annex 1s an example of an industri
i e . ustrial procedure for working near
g y' hmsz Areas covered include operations that could expose e 1g Overhe_ad
S contact with overhead electrical systems Gl
hen working ne ical li o eqtin:
. g near electrical lines or equipment, avoid direct or indirect contact. Direct

contact 1s contact with an
nta y part of the body. Indirect ot i
S e any ! body. contact is when part of the bod
o gerous prox?nuly to any object in contact with energized electrical equi do iy
Ing two assumptions should always be made: e

(1) Lines are “live” (energized).
(2) Lines are operating at high voltage (over 1000 volts).
As the voltage increases, the minimu

Injuries or fatalities could occur,
Not made. Potential for arc-over

e m working clearances increase. Through arc-over,
. 1f actual contact with hi gh-voltage lines or equipment i';
Increases as the voltage increases. ‘

| N2 Overhead Power Line Policy (OPP).

This informative ann

L ex appli
the fOHOWing: pplies to all overhead conductors, regardless of voltage, and requires

0
) That employees not place themselves in close

PrOXimite” ic wichs .
; 1mity” is within a distance of 3 m (10 ft

proximity to overhead power lines. “Close

. ) for syst
ficreased 100 mm (4 in. ) for every 10 kV above 50 IS<}$ = RPN kyendbhodidibe

That .
ineS.emplo}’ees be informed of the hazards an

Q)
d precautions when working near overhead

(&)
() That warning decals be

osted o - .
Clearance of 3 1 (10 ft)_p n cranes and similar equipment regarding the minimum
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INFORMATIVE ANNEX

Safety-Related Design
Requirements

This informative annex is not a part of the requirements of this NFPA document but is included
L| Jor informational purposes only.

The design of a facility, equipment, or circuit could determine if a work task can be per-
formed safely. In large measure, the facility and circuit design determines whether or
how an employee is or might be exposed to an electrical hazard when performing tasks

| necessary to troubleshoot, repair, or maintain a facility.
The circuit and equipment design determines the amount of incident energy that
might be available at various points in the system and whether an electrically safe work

to shock or electrocution.

0.1 Introduction.

This informative annex addresses the responsibilities of the facility owner or manager or the
employer having responsibility for facility ownershi P or operations management to perform a
risk assessment during the design of electrical Systems and installations.

0.1.2 This informative annex does not discuss specific design requirements. The facility
OWner or manager or the employer should choose design options that eliminate hazards or
feduce risk and enhance the effectiveness of safety-related work practices.

0.2 General Design Considerations.
;0-2-1 Employers, facility owners, and managers who have responsibility for facilities and
_*nsla“a[ions having electrical energy as a potential hazard to employees and other personnel
Shoulq ensure that electrical hazard risk assessments are performed during the design of

Clectricq) systems and installations.

0“2'2 Design option decisions should facilitate the ability to eliminate hazards or reduce risk

Y doing (he following:
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o B

Safety-Related Design Requirements

(1) Reducing the likelihood of exposure
(2) Reducing the magnitude or severity of exposure
(3) Enabling achievement of an electrically safe work condition

A 0.2.3 Incident Energy Reduction Methods. The following methods have proved to be
effective in reducing incident energy:

(1) Zone-selective interlocking. This is a method that allows two or more circuit breakers to
communicate with each other so that a short circuit or ground fault will be cleared by the
breaker closest to the fault with no intentional delay. Clearing the fault in the shortest time
aids in reducing the incident energy.

(2) Differential relaying. The concept of this protection method is that current flowing into
protected equipment must equal the current out of the equipment. If these two currents
are not equal, a fault must exist within the equipment, and the relaying can be set to
operate for a fast interruption. Differential relaying uses current transformers located on
the line and load sides of the protected equipment and fast acting relay.

(3) Energy-reducing maintenance switching with a local status indicator. An energy-
reducing maintenance switch allows a worker to set a circuit breaker trip unit to
operate faster while the worker is working within an arc flash boundary, as defined in
NFPA 70E, and then to set the circuit breaker back to a normal setting after the work
is complete.

' (4) Energy-reducing active arc flash mitigation system. This system can reduce the arcing
duration by creating a low impedance current path, located within a controlled compart-
ment, to cause the arcing fault to transfer to the new current path, while the upstream
breaker clears the circuit. The system works without compromising existing selective
coordination in the electrical distribution system.

(5) Arc flash relay. An arc flash relay typically uses light sensors to detect the light produced
by an arc flash event. Once a certain level of light is detected, the relay will issue a trip
signal to an upstream overcurrent device. 1

(6) High-resistance grounding. A great majority of electrical faults are of the phase—to-graung
type. High-resistance grounding will insert an impedance in the ground return path and will
typically limit the fault current to 10 amperes and below (at 5 kV nominal or below), leaving
insufficient fault energy and thereby helping reduce the arc flash hazard level. High-resistance
grounding will not affect arc flash energy for line-to-line or line-to-line-to-line arcs. .

(7) Current-limiting devices. Current-limiting protective devices reduce incident energ_y:‘
clearing the fault faster and by reducing the current seen at the arc source. The ¢
ergy reduction becomes effective for current above the current-limiting threshold of
current-limiting fuse or current limiting circuit breaker.

(8) Shunt-trip. Adding a shunt-trip that is signaled to open from an open-fuse relay 48
switches 800 amperes and greater reduces incident energy by opening the switch imiz
diately when the first fuse opens. The reduced clearing time reduces incident energ
is especially helpful for arcing currents that are not within the current-limiting thres
of the three current-limiting fuses.

0.2.4 Additional Safety-by-Design Methods. The following methods have proven &
effective in reducing risk associated with an arc flash or shock hazard:

The following is a list of commonly used engineering controls to either reduce avat!a
current, restrict access to energized conductors and circuit parts, or reduceé the li
hood of initiating an arc flash hazard.

ploce
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Finger—safe components,
accidentally contact an en
electric shock or Creating

often called IP-20 components

ergized part, thereby reduci
an arcing fault, Gt

rr?ak? it more difficult to
e likelihood of receiving an

(2) Installing disconnects within s
hood the chances that the equi

ment will be i i
p ill be put into an electrically safe work condition

(4) Installing inspection windows for noncont
Or Femove covers, -

tinspection reduces the need to open doors
Infrared and viewi i
ng windows eliminat i
It nate the high-risk task of opening e i i
Sl - ?Trjnploie’eslperform periodic diagnostic inspa&f-;ctirnzﬁrgItzed il
k= pment. Eliminating this task redu ikeli i 2
0 ces the likelihood of initiating an

(5) Installing a single service fused disconnect swi

: tch ircui i
for buses that would be unprotected if six disco s R

nnect switches are used.

ix-di

(6) Installi :
! mng metering to provide remo P—
~ eXposure to electri te monitoring of voltage and
() Installing ;:_ye :c;r lt‘:al hazards by placing the worker fartherg away f::rl;am;[e !E::Is;educes
E . o no damage” current limiting protection to motor controlle:: r;adu .

§ ces

. : . .

Ne, i :
B o Chicw ‘ prg:]ectron pf a motor controller, it is generally
with the highest degree of current |j
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i ices ing the trip settings

(8) Installing adjustable instantaneous trip protective devices and lowering P

sl £

zan reduce the incident energy. . ' T—

ca lling arc-resistant equipment, designed to divert hot .gz:!sets;xpposed S
. Il'lSl_a - !" an arc-flash out of the enclosure so that a worker is od .,
PTOQUC:_E Ot ‘:)f the equipment with all doors and covers closed and latched,
ing in fron

risk of arc flash exposure.

= t switchgear provides
nd latched, arc-resistan . .
i and covers are closed a d is Sl
| e g::: ?;rsan employee who is energizing or de-energl::;ng ;hirzﬂnuﬂ;‘:e R
pmt?:;an arcing incident are diverted out of the enclosure anh a;:) oyrs e
:Cts esistant equipment does not protect the worker when the
rc-r

properly closed and latched.

ki g t u[Pm n!, Sue
et . i3 ] p [p [ p 0] 1 Lulls
Op ol <

additional information.
|

The reader should be aware of the following documents:

i d Up
{ ing Metal-Enclosed Switchgear Rate
.20.7-2007, IEEE Guide for Testmg hated 5
] ANSgLE'-fgof?;tjglal Arcing Faults. This guide mc!uldes a pr?cgd:renf;ra:i?ng?aum.
. 3! ting the performance of metal-enclosed smmhggar o;w;fere gl
:—NaIU; ilngiudes a method of identifying the capabll_;tlesfo tu;s mzm
I t.a i s service conditions, installation, and app“Fatmﬂ of equip Mer;JJ-Enciosed
iiigT:I;eEE C37.20.7-2007/Cor. 1-2010, IEEE Guide for Testi;g ool
i dy, ing Faults, Corrigendum 1.

j up to 38 kV for Internal Arcing _ o
swjt:ﬁ;g;a;ﬁgzdfoﬁnd in IEEE €37.20.7-2007 concernmgfcurrer;ti v;l:s: b
It:ictiation in low-voltage testing and supply frequency for equip
laboratories.

) Wofkp ';_I.':::
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INFORMATIVE ANNEX

Aligning Implementation
of This Standard with

Occupational Health and
Safety Management Standards

This informative annex is not a part of the requirements of this NFPA document but is included
Sor informational purposes only.

ANSI/AIHA Z10, American Natio
Management Systems, defines th
overall occupational health and

I
nal Standard for Occupational Health and Safety
e minimum basic requirements for an organization’s
safety management system. The standard addresses
management leadership, employee participation, planning, implementation, evalua-
tion, corrective action, and Management review. It covers basic activities such as
incident investigation, inspections, and training.
The system in ANSI/AIHA Z10 allows for ¢

cle. The Deming Cycle, Plan - Do — Check -

Cycle or PDSA (plan - do - study - act). The Deming Cycle is shown in Exhibit P1.

PDCA is a successive cycle that starts off from a known base and tests small poten-
tial effects on the process, then gradually leads to larger and more targeted change
based on a continuous process. The cycle is comprised of the following phases:

* Plan phase — The objectives and processes necessary to deliver results in accor-
dance with the expected output or goal are established.
¢ Dophase —

The new process is im plementedonas

* Check phase — The new process is mea
compared against the expected results to determine any differences,

¢ Act phase — The differences are analyzed to determine their cause. Under this
phase, the changes to be made and where they apply to cause improvements are
determined.

mall scale to test possible effects.
sured and the results of the Do phase are

When a cycle through these four ste
nal base is returned to and t
improvement

A fundamental prin
ompany, organization,
rvfflllneatecl in ever-

ps does not result in an improvement, the origi-
he process is tried again until there is a plan that involves

ciple of PDCA is reiteration. Reiterating the PDCA cycle brings a
group, or production area closer to its goals. PDCA needs to be
tightening circles that represent increasing knowledge of the system,

-The power of this concept lies in its simplicity. The simple cycle can be continually

ed to the process in question for improvement.
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