Figure J.2 Energized Electrical Work Permit Flow Chart.
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130.5

ARTICLE 130 —WORK INVOLVING ELECTRICAL HAZARDS

Alternating-Current Systems

" Table 130.4{D){a) Shock Protection Approach Boundaries to Exposed Energized Electrical Conductors or Circuit Parts for

(1}

MNominal System Voltage Range,
Phase to Phase®

(2

(3

Limited Approach Boundary®

Exposed Movable Conductor®

Exposed Fixed Circuit Part

(4)

Restricted Approach Boundary";
Includes Inadvertent Movement
Adder

Less than 50 'V
B0 V=150 v
151 V750V
751 ¥-15 kV
15.1 kV-36 kV
6.1 kV-46 kV
46,1 KV=T2.5 kV
726 KV-121 kV
138 kV-145 kV
161 kV-169 kV
D80 k=248 VY
B45 KV-362 kv
B0 KV-550 KV
765 KV-800 kY

Mot specified

S.0m (10 i in.)
50m (10 fr 0in,)
30 m (10 [k in,)
3.0 m (10 [t 0 in.)
8.0m (10 fr 0 in.}
S.0m (M Rin,)
5% m (1008 in)
Sdm (11 fi0in.)
S6m (11 ft Bin.)
40m (13t 0in,)
AT m (15 ftdin.)
58 m (19 ft 0in.)
T.2m {25t 9in.)

Mot specified
LOm (3 ft6in}
LOm (3 fiGin,}
LEm (6 ft0in}
1Am (G R0in)
2hHm (Bt 0in.)
25m (i in)
2Hm (BR0In)
S0m (10§t 0in.)
S.6m (11 ft8in.)
4.0 m {15 [t 0 in.)
4.9 m (15 ftdin)
58m (19 ft 0in)
T.2m {25119 in.)

Mot specified
Avoid contact

0.3 m {1 fr0in)
0.7m (22 in)
DBm{2ft9in)
DB m (2f9in)
10 m {5 fe Gin)
10 o 5 I 6 in.)
1.2 m {5 ft 10 in.)
1.3 m {4 ft 5in.)
1.7 m (5 ft8in.)
2Hm {90 2in)
A6m (1l ft 8in)
49m (151 11 in.)

Mares:

(1) For arc fMlash boundary, see 130.5(A),

{Z) All dimensions are distance from exposed energized electrical conductors or circuit part to employee,

"For single-phase systems ahove 250 volis, select the range that is equal to the system”s maximum phase-toground voltage multiplied by 1752,

“Spe definition in Article 100 and text in 150.4(1) (2) and Informative Annex C for elaboration.

" Exfrosed uoarable conductors describes a condition in which the distance between the conductor and a person is not under the control of the person.
The tenm is normally applied w overhead line conductors supported by poles.

"This includes circuits where the exposure does not exceed 120 volts nominal,

Table 130.4{D){b) Shock Protection Approach Boundaries to Exposed Energized Electrical Conductors or Circuit Paris for Direct-
Current Voltage Systems

(1) o 2) i3 4
Limited Approach Boundary Restricted Approach Boundary;
Includes Inadvertent Movement
Mominal Potential Difference Exposed Movable Conductor® Exposed Fixed Circuit Part Adder
Less than 50 ¥ Mot specified Mot specified Mot specilied

B0 V=300V

A0l V-1 kv

1.1 kV-5 kY

5 kV-15 kY

15.1 kW15 KV
45,1 kV-Ta kV
75.1 kV-150 kV
150, 1 kV=250 kY
2601 KV=500 KV
SO0 KV-800 EV

S0 m (1000 in)
S0m (10 £ 0in.)
S0 m (10t 0in,)
S0 m {1000 in.)
S.00m (10 ft0in)
S0m (100 in,)
B8 m (10t 8in.)
B6m (11 Bin.)
6.0 m {20 ft 0 in.)
B0 m (26t in.)

L0 m (3 ft6in)
1LOm (5 ft6in.)
1.5 m (5 ft 0 i)
15 m (5 0in)
2H5m (BftDin,)
25 m (Bftdin.)
B0 m (10 fe il ing)
56 m (11 fu8in.)
G00m (20 fein.)
B0 m (26 ftin.)

Avoid contact

0.8 m (1 ft 0 in.)
5 m (1t hin)
07 m (2 R2in)
08 m (2 fe9in)
LOm (3 fi6in.)
L2 m (36 10 in)
LGm (55 in.)
35 m (11 ft6in.)
5.0 m (16t 5in.)

MNote: All dimensions are distance from exposed energized electrical conductors or circuit parts to worker.

# Eposed movaile condielor describes a condition in which the distance between the conductor and a person s not under the control of the person.
The term is normally applied to overhead line conductors supported by poles,

TOE-24 Shaded text = Revisions. .l = Text deletions and figure/table revisions.

* = Section deletions. W = New material.
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130.7 ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS

Table 130.7(C)(15)(c) Personal Protective Equipment (PPE)

Arc-Flash PPE Category PPE

1 Arc-Rated Clothing, Minimum Arc Rating of 4 cal/em? (16.75 J/em®)’
Arc-rated long-sleeve shirt and pants or arcrated coverall
Arc-rated face shield" or arc flash suit hood
Arcrated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment
Hard hat
Safety glasses or safety goggles (SR)
Hearing protection {ear canal inserts)*
Heavy-cuty leather gloves®
Leather footwear (AN}

2 Arc-Rated Clothing, Minimum Arc Rating of 8 eal/em® (33.5 J/em®)®
Arcrated long-sleeve shirt and pants or arc-rated coverall
Arc-rated flash suit hood or arc-rated face shield” and arcrated balaclava
Arcrated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment
Hare hat
Safety glasses or safety goggles (SR)
Hearing protection (ear canal inser(s)®
Heavy-duty leather gloves?
Leather footwear

3 Arc-Rated Clothing Selected so That the System Arc Rating Meets the Required Minimum Arc Rating of 25
cal/em? (104.7 J /em?)®
Arcrated long-sleeve shirt (AR)
Arcrated pants (AR)
Arcrated coverall (AR)
Arcrated arc flash suit jacket (AR)
Arcrated arc flash suit pants (AR)
Arc-rated arc flash suit hood
Arcrated gloves®
Arcrated jacket, parka, rainwear, or hard hat liner (AN)
Protective Equipment
Hard hat
Safety glasses or safety goggles (SR)
Hearing protection (ear canal inserts)®
Leather footwear

4 Arc-Rated Clothing Selected so That the System Arc Rating Meets the Required Minimum Arc Rating of 40
cal/cm® (167.5 J/em®)"

Arcrated long-sleeve shirt (AR)

Arcrated pants (AR)

Arcrated coverall (AR)

Arc-rated arc flash suit jacket (AR)

Are-rated are flash suit pants (AR)

Arc-rated arc flash suit hood

Are-rated gloves

Arc-rated jacket, parka, rainwear, or hard hat liner (AN)

Protective Equipment

Hard hat

Safety glasses or safety goggles (SR)

Hearing protection (ear canal inserts)*

Leather footwear
AN: As needed (optional). AR: As required. SR: Selection required.
*Arc rating is defined in Article 100.
YFace shields are to have wrap-around guarding to protect not only the face but also the forehead, ears, and neck, or, alternatively, an arc-rated arc
flash suit hood is required to be worn,
“Other types of hearing protection are permitted to be used in liew of or in addition to ear canal inserts provided they are worn under an arc-rated arc
flash suit hood,
If rubber insulating gloves with leather protectors are used, additional leather or arc-rated gloves are not required, The combination of rubber
insulating gloves with leather protectors satisfies the arc flash protection requirement.

T0E-36
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ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS

(D) Other Protective Equipment.

A (1) Insulated Tools and Equipment. Employees shall use insu-

lated tools or handling equipment, or both, when working
inside the restricted approach boundary of exposed energized
electrical conductors or circuit parts where tools or handling
equipment might make qiﬂ te contact. Insulated tools
shall be protected from damage to the insulating material.

Informational Note: See 130.4(D), Shock Protection Bounda-
ries.
{a)  Requirements for Insulated Tools. The following require-
ments shall apply to insulated tools:

(1) TInsulated tools shall be rated for the voltages on which
they are used.

(2) Insulated tools shall be designed and constructed for the
environment to which they are exposed and the manner
in which they are used.

(3) Insulated tools and equipment shall be inspected prior to
each use. The inspection shall look for damage to the
insulation or damage that can limit the tool from
performing its intended function or could increase the
potential for an incident (e.g., damaged tip on a screw-
driver).

(b) Fuse or Fuseholder Handling Equipiment. Fuse or fuse-
holder handling equipment, insulated for the circuit voltage,
shall be used to remove or install a fuse if the fuse terminals are
energized.

(c)  Ropes and IHandlines. Ropes and handlines used within
the limited approach boundary shall be nonconductive.

(d)  Fiberglass-Reinforced Plastic Rods. Fiberglass-reinforced
plastic rod and tube used for livedine tools shall meet the
requirements of applicable portions of electrical codes and
standards dealing with electrical installation requirements.

Informational Note: For further information concerning electri-
cal codes and standards dealing with installation requirements,
refer to ASTM EZLE, Standard Specification for Fiberglass-Reinforced
Plastic (FRP) Ro Tube Used in Live Line Tools.

©

Portable Ladders. Portable laddels shall have noncon-
ils ; i

employee or ladder could contact proscd
al conductom or cir Cmt arts NOllCondu(:tlvc

(f)  Protective Shields. Protective shields, protective barriers,
or insulating materials shall be used to protect each employee
from shock, burns, or other electrically related injuries while
an employee is working within the limited approach hounda]y
of energncd conductors or circuit parts that might be

y contacted or where dangerous electric heating or
arcmg might occur. When normally enclosed energized
conductors or circuit parts are exposed for maintenance or
repair, they shall be guarded to protect unqualified persons
from contact with the energized conductors or circuit parts.

(g)  Rubber Insulating Equipn ber insulating equip-
ment used for protection from contact with ener-
gized tors or circuit part the requirements

of appli

A = Text deletions and figure/table revisions,

-text = Revisions,
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@ = Section deletions.

(h) Voltage Rated Plastic Guard Equipment. Plastic guard
equipment for protection of employces from fial
contact with energized conductors or circuit parts, or for
protection of employees or energized equipment or material
from contact with ground, shall meet the re unemull.s of
e R -

(i)  Physical or Mechanical Barriers. Physical or mechanical
(ﬁeld fabncatcd) balners slml be mstalled no ClDSE!l than the

trically safe work condition.

(E) Alerting Techniques.

% (1) Safety Signs and Tags. Safety signs, safety symbols, or tags

shall be used where necessary to warn employees about electri-
cal hazards that mlght endanger ﬂ”lem Such mgus and tags

Informational Note No. 1: Safety signs, tags, and barricades used
to identify energized “look-alike” equipment can be employed s
an additional preventive measure.

(2) Barricades, Barricades shall be used in conjunction with
safety signs where it is necessary to prevent or limit employee
access to work areas containing energized conductors or circuit
parts. Conductive barricades shall not be used where it might
increase the likelihood, of exposure to an electrical hazard.
Barricades shall be placed loser than the limited approach
boundary given in J ; I
Where the arc flash boundary is greater than the hmlted
approach boundary, barricades shall not be placed closer than
the arc flash boundary.

(3) Attendants. If signs and barricades do not provide suffi-
cient warning and protection from electrical hazards, an
attendant shall be stationed to warn and protect cmployees.
The primary duty and responsibility of an attendant providing
manual signaling and alerting shall be to keep unqualified
employees outside a work area where the unqualified employee
mlght be exposed to electrical hazards, An attendant shall
remain in the area as long as there is a potential for employees
to be exposed to the electrical hazards,

‘N (4) Cautting, Removing, or Rerouting of Conductors. Where

conductors are de-energized in order to cut, remove, or
reroute them and conductor terminations are not within sight,
such as where they are in a junction or pull box, additional
steps to verify absence of voltage or identify the conductors
shall be taken prior to cutting, removing, or rerouting the
conductors.

‘N = New material, TO0E-37
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130.7 ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS
Table 130.7(C)(15){(a) Arc-IFlash PPE Categories for Alternating Current (ac) Systems [ W
Arc-Flash PPE
Equipment Category Arc-Flash Boundary
Panelboards or other equipment rated 240 volts and below 1 485 mm
Parameters: Maximun of 25 kA available fault current; maximum of 0.03 sec (19 in.)

(2 cycles) favlt clearing time; minimum working distance 455 mm (18 in.)

Panelboards or other equipment rated greater than 240 volts and up to 600 volts 2 900 mm
Parameters: Maximum of 25 kA available fault current; maximum of 0.03 sec (3 ft)
(2 cycles) fault clearing time; minimum working distance 455 mm (18 in.)

600-volt class motor control centers (MCCs) 2 1.5m
Parameters: Maximum of 65 kA available fault current; maximum of 0.03 sec (5 fx)
(2 cycles) fault clearing ime; minimum working distance 455 mm (18 in,)

600-volt class motor control centers (MCCs) 4 4.3 m
Parameters: Maximum of 42 kA available fault current; maximum of 0.33 sec (20 (14 fr)
cycles) fault clearing time; minimum working distance 455 mm (18 in.)

600-volt class switchgear (with power circuit breakers or fused switches) and 600-volt 4 6m
class switchboards

Parameters: Maximum of 85 kA available fault current; maximum of up to 0.5 sec (30 (20 ft)
cycles) fault clearing time; minimum working distance 4566 mm (18 in.)

Other 600-volt class (277 volts through 600 volts, nominal) equipment 2 1.bm

Parameters: Maximum of 65 kA available fault current; maximum of 0.03 sec {5 fr)
(2 cycles) fault clearing time; minimum working distance 455 mm (18 in.)

NEMA E2 (fused contactor) motor starters, 2.3 kV through 7.2 kV 4 12m

Parameters: Maximum of 35 kA available fault current; maximum of up to 0.24 sec (40 ft)
(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.)

Metal-clad switchgear, 1 KV through 15 kV 4 12m

Parameters: Maximum of 35 kA available fault current; maximum of up to 0.24 sec (40 ft)
(15 cycles) fault clearing time; minimum working distance 910 mm {36 in.)

Arc-resistant switchgear 1 KV through 15 KV [for clearing times of less than 0.5 sec {30 N/A (doors N/A (doors closed)
cycles) with an available fault current not to exceed the arcresistant rating of the closed)

equipment], and metal-enclosed interrupter switchgear, fused or unfused of arc-
resistant-type construction, 1 kV through 15 kV

Parameters: Maximum of 35 kA available fault current; maximum of up to .24 sec 4 (doors 12 m (40 ft)
(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.) open)

Other equipment 1 kV through 15 kV 4 12m

Parameters: Maximum of 35 kA available fault current; maximum of up to 0.24 sec (40 fty

(15 cycles) fault clearing time; minimum working distance 910 mm (36 in.)

Note: For equipment rated 600 volts and below and protected by upstream currentlimiting fuses or current-limiting circuit breakers sized at 200
amperes or kess, the arc flash PPE category can be reduced by one number but not below arc flash PPE category 1.

Informational Note to Table 130.7(C)(15) (a): The following are typical fault clearing times of overcurrent protective devices:

(1) 0.5 eycle fault clearing time is typical for current limiting fuses when the fault current is within the current limiting range.

(2) 1.5 cycle fault clearing time is typical for molded case circuit breakers rated less than 1000 volts with an instantaneous integral trip,

(3) 8.0 cycle fault clearing time is typical for insulated case circuit breakers rated less than 1000 volts with an instantanecus integral trip or
relay operated trip.

(4) 5.0 cycle fault clearing time is typical for relay operated circuit breakers rated 1 kV to 35 kV when the relay operates in the
instantaneous range (i.e., “no intentional delay”).

(5) 20 cycle fault clearing time is typical for low-voltage power and insulated case circuit breakers with a short time fault clearing delay for
motor inrush,

(6) 30 cycle fault clearing time is typical for low-voltage power and insulated case circuit breakers with a short time fault clearing delay
without instantaneous trip.

Informational Note No. 1: See Table 1 of IEEE 1584TM, Guide for Performing Are Flash Hazard Caleulations, for further information regarding
Notes b through d.

Informational Note No. 2: An example of a standard that provides information for arc-resistant switchgear referred to in Table 130.7(C)(15)
(a) is IEEE. C37.20.7, Guide for Testing Metal-Enclosed Switchgear Rated Up to 38 KV for Internal Arcing Faults.

TO0E-34
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ARTICLE 130 — WORK INVOLVING ELECTRICAL HAZARDS 130.7

Table 130.7(C)(15)(b) Arc-Flash PPE Categories for Direct Current (dc) Systems

Arc-Flash PPE
Equipment Category Arc-Flash Boundary

Storage batteries, de switchboards, and other de supply sources

Parameters: Greater than or equal to 100 V and less than or equal to 250 V

Maximum arc duration and minimum working distance; 2 sec @ 455 mm

(18in.)

Available fault current less than 4 kA 2 900 mm
(3 fr)

Available fault current greater than or equal to 4 kA and less than 7 kA 2 1.2m
(4 f)

Available fault current greater than or equal to 7 kA and less than 15 kA 3 1.8 m
(6 Ft)

Storage baltleries, de switchboards, and other de supply sources

Parameters; Greater than 250 V and less than or equal to 600 V

Maximum arc duration and minimum working distance: 2 sec @ 455 mm

(18in.)

Available fault current less than 1.5 kA ‘ 2 900 mm
(3 f1)

Available fault current greater than or equal to 1.5 kA and less than 3 kA 2 1.2m
(4 ft)

Available fault current greater than or equal to 3 kA and less than 7 kA 3 18m
(6 ft.)

Available fault current greater than or equal to 7 kA and less than 10 kA 4 2,5m
(8 ft)

Notes

(1) Apparel that can be expected to be exposed to electrolyte must meet both of the following conditions:
(a) Be evaluated for electrolyte protection

Informational Note: ASTM F1298, Standard Guide for Evaluating Chemical Protective Glothing, contains information on evaluating apparel for
protection from electrolyte,
(b) Be arc-rated

Informational Note: ASTM F1891, Standard Specifications for Ave Rated and Flame Resistant Rainwear, contains information on evaluating arc-rated
apparel.
(2) A two-second arc duration is assumed if there is no overcurrent protective device (OGPD) or if the fault clearing time is not known. If the fault
clearing time is known and is Jess than 2 seconds, an incident energy analysis could provide a more representative result.

Informational Note No. 1; When determining available fault current, the effects of cables and any other impedances in the circuit should be
included. Power system modeling is the best method to determince the available short-circuit current at the point of the arc. Battery cell short-
circuit current can be obtained from the battery manufacturer, See Informative Annex D.5 for the basis for table values and alternative
metheds to determine de incident energy. Methods should be used with good engineering judgment.

Informational Note No. 2: The methods for estimating the de arc-flash incident energy that were used to determine the categories for this
table are based on open-air incident energy calculations, Open-air calculations were used because many battery systems and other dc process
systems are in open areas or rooms. if the specific task is within an enclosure, it would be prudent to consider additional PPE protection
beyond the value shown in this table. Research with ac arc flash has shown a multiplier of as much as 3x for arc-in-a-box [508 mm (20 in.)
cube] versus open air. Engineering judgment is necessary when reviewing the specific conditions of the equipment and task to be performed,
including the dimensions of the enclosure and the working distance involved.

= Revisions. A = Text deletions and figure/table revisions. e = Section deletions. N = New material. 70E-35
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ARTICLE 100 — DEFINITIONS

CHAPTER 1

Chapter 1 Safety-Related Work Practices

Scope. This article contains only those definitions essential to
the proper application of this standard. It is not intended to
include commonly defined general terms or commenly
defined technical terms from related codes and standards. In
general, only those terms that are used in two or more articles
are defined in Article 100. Other definitions are included in
the article in which they are used but may be referenced in
Anrticle 100. The definitions in this article shall apply wherever
the terms are used throughout this standard.

Accessible (as applied to equipment).. Admitting close
approach; not guarded by locked doors, clevation, or other
effective means. [70:100]

Accessible (as applied to wiring methods)., Capable of being
removed or exposed without damaging the building structure
or finish or not permanently closed in by the structure or finish
of the building, [70:100]

Accessible, Readily (Readily Accessible). Capable of being
reached quickly for operation, renewal, or inspections without
requiring those to whom read is requisite to t
actions such as to use tools’ : to climb over or
i remove obstacles, or to resort to portable ladders,
and so forth. [70:100]

Approved. Acceptable to the authority having jurisdiction.
A i T

ment in a guarded or enclosed condition, provided a person is
interacting with the equipment in such a manner that could

Arc Flash Suit, A complete arc-rated clothing and equipment
system that covers the entire body, except for the hands and
feet.

Informational Note: An arc flash suit may include pants or over-
alls, a jacket or a coverall, and a beekeeper-type hood fitted with
a face shield.

Arc Rating. The value attributed to materials that describes
their performance to exposure io an elecwical are discharge.
The arc rating is expressed in cal/cm? and is derived from the

d fext = Revisions, A = Text deletions and figure/table revisions.

e = Section deletions.
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determined value of the arc thermal performance value
(ATPV) or energy of breakopen threshold (Egp) (should a
material system exhibit a breakopen response below the ATPV
value). Arc rating is reported as either ATPV or Ey,, whichever
is the lower value,

Informational Note No. I: Arcrated clothing or equipment
indicates that it has been tested for exposure to an electric arc.
Flame resistant clothing without an arc rating has not been
tested for exposure to an electric arc. All arcrated clothing is
also flame-resistant.

Informaticnal Note No, 2: Breakopen is a material response
evidenced by the formation of ene or more holes in the inner-
most layer of arcrated material that would allow flame to pass
through the material.

Informational Note No. 8: ATPV is defined in ASTM F1959/
F1959M, Standard Test Method for Delermining the Aic Rating of
Materials for Clothing, as the incident energy (cal/cm®) on a
material or a multlayer system of materials that results in a
50 percent probability that sufficient heat transfer through the
tested specimen is predicted (o cause the onset of a second
degree skin burn injury based on the Stoll curve.

Informational Note No, 4: Ey; is defined in ASTM F1959/
F1959M, Standard Test Method for Determining the Avc Rating of
Materials for Clothing, as the incident encrgy (cal/cm?) on a
material or a materjal system that results in a 50 percent praoba-
bility of breakopen, Breakopen is defined as a hole with an area
of 1.6 cm? (0.5 in?) or an opening of 2.5 cm (1.0 in.) in any
dimension.

Attachment Plug (Plug Cap) (Plug). A device that, by insertion
in a receptacle, establishes a connection between the conduc-
tors of the attached flexible cord and the conductors connec-
ted permanently Lo the receptacle. [70:100]

Authority Having Jurisdiction (AHJ). An organization, office,
or individual responsible for enforcing the requircments of a
code or standard, or for approving equipment, materials, an
installation, or a procedure.

Informational Note: The phrase “authority having jurisdiction,”
or its acronym ALIJ, is used in NFPA documents in a broad
manner, since jurisdictions and approval agencies vary, as do
their responsibilities. Where public safety is primary, the author-
ity having jurisdiction may be a federal, state, local, or other
regional department or individual such as a fire chief; fire
marshal; chief of a fire prevention bureau, labor department, or
health department; building official; electrical inspector; or
others having statutory authority. For insurance purposes, an
insurance inspection department, rating bureau, or other ir
ance company representative may be the authority having juris-
diction. In many circumstances, the property owner or his or
her designated agent assumes the role of the authority having
jurisdiction; at government installations, the commanding offi-
cer or departmental official may be the authority having jurisdic-
tion.

(Vg

Automatic. Performing a function without the necessity of
human intervention.

Balaclava (Sock Hood). An arcrated hood that protects the
neck and head except for the facial area of the eyes and nose.

‘N = New material.
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A Boundary, Arc Flash.

‘A Boundary, Restricted Approach.

CHAPTER 1

ARTICLE 100 — DEFINITIONS

Barricade. A physical obstruction such as tapes, cones, or
Alframe-type wood or metal structures intended to provide a
warning and to limit access.

Barrier. A physical obstruction that is intended to prevent
contact with equipment or energized electrical conductors and
eireuit parts or to prevent unauthorized access to a work area.

Bonded (Bonding). Connected to establish electrical contnu-
ity and conductivity. [70:100]

Bonding Conductor or Jumper. A reliable conductor to ensure
the required electrical conductivity hetween metal parts
required to be electricaily connected. [70:100]

'ormational Note: rdi
madel; th ‘of 4 second degree bur
is ] at an exposure of L2 ¢
second,]

Boundary, Limited Approach. An approach limit at a distance
from an exposed energized electrical conductor or circuit part
within which a shock hazard exists.

An approach limit at a
distance from an exposed energized electrical conductor or
circuit part within which there is an increased likelihood of
electric shock, due to electrical arc-over combined with inad-
vertent movement.

Branch Cirenit. The circuit conductors between the final over-
current device protecting the circuit and the outlet(s).

[70:100]

Building. A structwre that stands alone or that is cut off from
adjoining structures by fire walls with all openings therein
protected by approved five doors. [70:100]

Cabinet. An enclosure that is designed for cither surface
mounting or flush mounting and is provided with a frame, mat,
or trim in which a swinging door or doors are or can be hung.

[70:1001

Circuit Breaker. A device designed to open and close a circuit
by nonautomatic means and to open the circuit automatically
on a predetermined overcurrent without damage to itself when
propetrly applied within its rating. [70:100]
Informational Note: The automatic opening means can be inte-
gral, direct acting with the circuit breaker, or remote from the
circuit breaker.

Conductive. Suitable for carrying electric current.

Conductor, Bare. A conductor having no covering or electri-
cal insulation whatsoever. [70:100]

Conductor, Covered. A conducior encased within material of
composition or thickness that is not recognized by this Code as
electrical insulaton. [70:100]

Conductor, Insulated, A conductor encased within material of
composition and thickness that is recognized by this Code as
clectrical insulation. [70:100]

Controller. A device or group of devices that serves to govern,
in some predetermined manner, the electric power delivered
to the apparatus to which it is connected. [70:100]

T0E-10
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Current-Limiting Overcurrent Protective Device. A device that,
when interrupling currents in its currentlimiting range,
reduces the current flowing in the faulted circuit to a magni-
tude substantially less than that obtainable in the same circuit if
the device were replaced with a solid conductor having compa-
rable impedance.

Cutout. An assembly of a fuse support with either a fuseholder,
fuse carrier, or disconnecting blade. The fuseholder or fuse
carrier may include a conducting element (fuse link), or may
act as the disconnecting blade by the inclusion of a nonfusible
member.

De-energized. Free from any electrical connection to a source
of potential difference and from electrical charge; not having a
potential different from that of the earth.

Device, A unit of an electrical system, other than a conductor,
that carries or controls electric energy as its principal function.

[70:100]

Disconnecting Means. A device, or group of devices, or other
means by which the conductors of a circuit can be disconnec-
ted from their source of supply. [70:100]

Disconnecting (or Isolating) Switch (Disconnector, Isolator). A
mechanical switching device used for isolating a circuit or
equipment from a source of power.

Dwelling Unit. A single unit providing complete and inde-
pendent living facilities for one or more persons, including
permanent provisions for living, sleeping, cooking, and sanita-
tion, [70:100]

Electrical Hazard. A dangerous condition such that contact or
equipment failure can result in eleetric shock, arc flash burn,
thermal burn, or arc blastinjury.

Informational Note: Class 2 power supplies, listed low voliage

lighting systems, and similar sources are examples of circuits or
systems that are not considered an electrical hazard.

Electrical Safety. [dentifying hazards associated with the use of
electrical energy and faking precautions to reduce the
e those Hazards. o

iN Tlectrical Safety Program. A documented system consisting of

clectrical safely principles, policies, procedures, and processes
that directs activitics appropriate for the risk associated with
electrical hazards.

Electrically Safe Work Condition. A state in which an electrical
conductor or circuit part has been disconnected from ener-
gized parts, locked/tagged in accordance with established
standards, tested to yérify the absence of voltage, anc
sar'y; temporarily gii sonT

‘A Enclosed. Surrounded by a case, housing, fence, or wall(s) that

prevents persons from i contacting energized

parts,

Enclosure, The case or housing of apparatus — or the fence or
walls surrounding an installation to prevent personnel from
unintentonally contacting energized electrical conductors or
circuie parts or to protect the equipment from physical
damage.

Energized. Electrically connected to, or is, a source of voltage.
[70:100]
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ARTICLE 100 — DEFINITIONS

CHAPTER 1

Equipment. A general term, including fittings, devices, appli-
ances, luminaires, apparatus, machinery, and the like, used as a
part of, or in conncction with, an electrical installation.

[70:100]

Exposed (as applied to energized electrical conductors or
circuit parts), Capable of being inadvertently touched or
approached nearer than a safe distance by a person. It is
applied to electrical conductors or circuit parts that are not
suitably guarded, isolated, or insulated.

Exposed (as applied to wiring methods). On or attached to the
surface or behind panels designed to allow access. [70:100]

iN Fault Current. The amount of current delivered at a point on
the system during a short-circuit condition.

‘N Fault Current, Available. The largest amount of current capa-
ble of being delivered at a point on the system during a short-
circuit condition,

Informational Note No. 1: A short circuit can occur during
abnormal conditions such as a fault between circuit conductors
or a ground fault, See Figure 100.0.

Informational Note No, 2: If the dc supply is a battery system,
the term available fault current refers to the prospeetive short-
circuit current.

Fitting. An accessory such as a locknut, bushing, or other part
of a wiring system that is intended primarily to perform a
mechanical rather than an electrical function. [70:100)

A Grounding Conductor, Equipment (EGC).

ac or dc supply source

Available fault current

Available fault current \

Equipment|
Equipment with a short-circuit -—>\f"5 -
current rating ! !
1 CCPD
Overcurrent protective device SN e i
with an interrupting rating L H

Available fault current

/A FIGURE 100.0 Available Fault Current.
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Fuse. An overcurrent protective device with a circuitopening
fusible part that is heated and severed by the passage of over-
current through it.

Informational Note: A fuse comprises all the parts that form a
unit capable of performing the prescribed functions. It may or
may not be the complete device necessary to connect it into an
electrical cireuit.

Ground. The earth. [70:100]

Ground Fault. An unintentional, electrically conducting
connection between an ungrounded conductor of an electrical
circuit and the normally non—currentcarrying conductors,
metallic enclosures, metallic raceways, metallic equipment, or
carth.

Grounded (Grounding). Connected (connecting) to ground
or to a conductive body that extends the ground connection.
[70:100}

Grounded, Solidly. Connected to ground without inserting any
resistor or impedance device. [70:100]

Grounded Conductor. A system or circuit conductor that is
intentionally grounded. [70:100]

Ground-Fault Circuit Interrupter (GFCI). A device intended
for the protection of personnel that functions to de-energize a
circuit or portion thereof within an established period of time
when a current to ground exceeds the values established for a
Class A device. [70:100]

Informational Note: Class A g-lound -fault circuit?interrupters
trip when the current to ground is 6 mA or higher and do not
trip when the current to ground is less than 4 mA, For further
information, see ANSI/UL 943, Stendard for Ground-Fault Circuil
Intervupiters.

The conductive
path(s) that provides a ground-fault current path and connects
normally non-current-carrying metal parts of equipment
together and to the system grounded conductor or to the
grounding electrode conductor, or both. [70:100]

Informational Notc No. 1: It is recognized that the equipment
grounding conductor also performs bonding.

1nformauoml Note No. 2: See 250,118 of NFPA 70, Na lee
7 ;Jgfm a list of acceptable equipment grouudlng conduc-

[D TS.

Grounding Elecirode, A conducting object through which a
direct connection to earth is established. [70:100]

Grounding Electrode Conductor. A conductor used Lo connect
the system grounded conductor or the equipment to a ground-
ing electrode or to a point on the grounding electrode system.
{70:100]

Guarded. Covered, shielded, fenced, enclosed, or otherwise
protected by means of suitable covers, casings, barriers, rails,
screens, mats, or platforms to remove the likelihood of
approach or contact by persons or objects to a point of danger.
[70:100]

Hazard, A source of possible injury or damage to health,
Hazardous. Involving exposure to at least one hazard.

Incident Energy. The amount of thermal energy impressed on
a surtace, a certain distance from the source, generated during

Section deletions. M = New material, F0E-11
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ARTICLE 100 — DEFINITIONS

an clectrical arc event. Incident energy is typically expressed in
calories per square centimeter (cal/cm?).

Incident Energy Analysis. A component of an arc flash risk
asscssment used to predict the incident energy of an arc flash
for a specified set of conditions,

Insulated. Separated from other conducting surfaces by a
dielectric (including air space) offering a high resistance to the
passage of current.

Informational Note: When an object is said to be insulated, it is
understood to be insulated for the conditions to which it is
normally subject. Otherwise, it is, within the purpose of these
rules, uninsulated.

Interrupter Switch. A switch capable of making, carrying, and
interrupting specified currents.

Interrupting Rating, The highest current at rated voltage that
a device is identified to interrupt under standard test condi-
tions. [70:100]

Informational Note: Equipment intended to interrupt current at
other than fault levels may have its interrupting rating implied
in other ratings, such as horsepower or locked rotor current,

Isolated (as applied to location). Not readily accessible to
persons unless special means for access are used. [70:100]

Labeled. Equipment or materials to which has been attached a
label, symbol, or other identifying mark of an organization that
is acceptable to the authority having jurisdiction and
concerned with ‘product evaluation, that maintains periodic
inspection of production of labeled equipment or materials,
and by whose labeling the manufacturer indicates compliance
with appropriate standards or performance in a specified
manner.

Listed. Equipment, materials, or services included in a list
published by an organization that is acceptable to the authority
having jurisdiction and concerned with evaluation of products
or services, that maintains periodic inspection of production of
listed equipment or materials or periodic evaluation of services,
and whose listing states that either the equipment, material, or
service meets appropriate designated standards or has been
tested and found suitable for a specified purpose.

Informational Note: The means for identifying listed equipment
may vary for each organization concerned with product evalua-
tion; sore organizations do not recognize equipment as listed
unless it is also labeled. The authority having jurisdiction should
utilize the system employed by the listing organization to iden-
tify a listed product.

Luminaire. A complete lighting unit consisting of a light
source, such as a lamp or lamps, together with the parts
designed to position the light source and connect it to the
power supply. It may also include parts to protect the light
source or the ballast or to distribute the light. A lampholder
itself is not a luminaire. [70:100]

‘N Maintenance, Condition of. The state of the electrical equip-

ment considering the manufacturers’ instructions, manufactur-
ers’ recommendations, and applicable industry codes,
standards, and recommended practices.

Motor Control Center. An assembly of one or more enclosed
sections having a common power bus and principally contain-
ing motor control units. [7¢:100]
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Outlet. A point on the wiring system at which current is taken
to supply utilization equipment, [70:100]

Overcurrent, Any current in excess of the rated current of
equipment or the ampacity of a conductor, It may result from
overload, short circuit, or ground fault. [70:100]

Informational Note: A current in excess of rating may be accom-
modated by certain equipment and conductors for a given set of
conditions. Therefore, the rules for avercurrent protection are
specific for particular situations.

Overload. Operation of equipment in excess of normal, full-
load rating, or of a conductor in excess of rated ampacity that,
when it persists for a sufficient length of time, would cause
damage or dangerous overheating. A fault, such as a short
circuit or ground fault, is not an overload. ['70:100]

Panelboard. A single panel or group of panel units designed
for assembly in the form of a single panel, including buses and
automatic overcurrent devices, and equipped with or without
switches for the control of light, heat, or power circuits;
designed to be placed in a cabinet or cutout box placed in or
against a wall, partition, or other support; and accessible only
from the front. [70:100]

Premises Wiring (System). Interior and exterior wiring, includ-
ing power, lighting, control, and signal circuit wiring together
with all their associated hardware, fittings, and wiring devices,
both permanently and temporarily installed. This includes:
(a) wiring from the service point or power source to the
outlets; or (b) wiring from and including the power source to
the outlets where there is no service point,

Such wiring does not include wiring internal to appliances,
luminaires, motors, controilers, motor control centers, and
similar equipment. [70:100]

Informational Note: Power sources include, but are not limited
to, interconnected or stand-alone batteries, solar photovoltaic
systems, other distributed generation systems, or generators.

Qualified Person. One who has demonstrated skills and knowl-
edge related to the construction and operation of electrical
i installations and has received safety training to

Raceway. An enclosed channel of metal or nonmetallic materi-
als designed expressly for holding wires, cables, or busbars,
with additional functions as permitted in this standard,
{70:100]

Receptacle. A receptacle is a contact device installed at the
outlet for the connection of an attachment plug. A single
receptacle is a single contact device with no other contact
device on the same yoke, A multiple receptacle is two or more
contact devices on the same yoke. [70:100]

Risk. A combination of the likelihood of occurrence of injury
or damage to health and the severity of injury or damage to
health that results from a hazard.

Risk Assessme
estimates the fikelik
health, estimates the
health, and determines

An_overall process that identifies hazards,
> of injury or damage to
y of injury or damage to
¢ measures are required.

p

Informational Note: As used in this standard, aic flash risk assess-
ment and shock risk assessment are types of risk assessments,
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ARTICLE 105 — APPLICATION OF SAFETY-RELATED WORK PRACTICES AND PROCEDURES 105.1

Service Drop. The overhead conductors between the utility
electric supply system and the service point. [70:100]

Service Lateral. The underground conductors between the
utility electric supply system and the service point. [70:100]

Service Point. The point of connection between the facilities
of the serving utility and the premises wiring, [70:100}

Informational Note 1: The service point can be described as the
point of demarcation between where the serving utility ends and
the premises wiring begins. The serving utility generally speci-
fies the location of the service point based on the conditions of
service.

Shock Hazaxd, A ke

Short-Circnit Current Rating. The prospective symmetrical
fault current at a nominal voltage to which an apparatus or
system is able to be connected without sustaining damage
exceeding defined acceptance criteria. [70:100]

Single-Line Diagram. A diagram thal shows, by means of single
lines and graphic symbols, the course of an electric circuit or
system of circuits and the component devices or parts used in
the circuit or system,

Special Permission, The written consent of the authority
having jurisdiction, [70:100]

Step Potential. A ground potential gradient difference that
can cause current flow from foot to foot through the body.

Structure. That which is built or constructed. [70:100]

Switch, Isolating. A switch intended for isolating an electric
circuit from the source of power. It has o interrupting rating,
and it is intended to be operated only after the circuit has been
opened by some other means. 170:100]

Switchboard, A large single panel, frame, or assembly of panels
on which are mounted on the face, back, or both, switches,
overcurrent and other protective devices, buses, and usually
instruments. These assemblies are generally accessible from the
rear as well as from the front and are not intended to be instal-
led in cabinets, [70:100]

Switchgear, Arc-Resistant. Equipment designed to withstand
the effects of an internal arcing fault and that directs the inter-
nally released energy away from the employee,

Switchgear, Metal-Clad. A switchgear assembly completely
enclosed on all sides and top with sheet metal, having drawout
switching and interrupting devices, and all live parts enclosed
within grounded metal compartiments.

Switchgear, Metal-Enclosed. A switchgear assembly completely
enclosed on all sides and top with sheet metal (except for venti-
lating openings and inspection windows), containing primary
power circuit switching, interrupting devices, or both, with
buses and connections, This assembly may include control and
auxiliary devices. Access to the interior of the enclosure is

B
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provided by doors, removable covers, or both. Metal-enclosed
switchgear is available in non-arcresistant or arc-resistant
constructions.

Switching Device. A device designed to close, open, or both,
one or more electric circuils.

Touch Potential. A ground potential gradient difference that
can cause current flow from hand to hand, hand to foot, or
another path, other than foot to foot, through the body.

Ungrounded, Not connected to ground or to a conductive
body that extends the ground connection, [70:100]

Ungqualified Person. A person who is not a qualified person.

Utilization Equipment. Equipment that utilizes electric energy
for electronic, electromechanical, chemical, heating, lighting,
or similar purposes. [70:100}

Voltage (of a Circuit). The greatest root-mean-square (rms}
(effective) difference of potential between any two conductors
of the circuit concerned. [70:100]

Informational Note: Some systems, such as three-phase 4-wire,
single-phase 8-wire, and 3-wire direct-current, may have various
circuits of various voltages,

Voltage, Nominal. A nominal value assigned to a circuit or
system for the purpose of conveniently designating its voltage
class (e.g., 120/240 volts, 480Y/277 volts, 600 volts), [70:100]

Informational Note 1: The actual voltage at which a circuit oper-
ates can vary from the nominal within a range that permits satis-
factory operation of equipment.

Informational Note 2: See ANSI C84.1, Electiic Power Systems and
Equipment — Voltage Ratings (60Hz)

N Working Distance. The distance between a person’s face and

chest arca and a prospective arc source.

Informational Note: Incident energy increases as the distance
from the arc source decreases. See 130.5(C)(1) for further infor-
mation.

Working On (energized electrical conductors or circuit parts).

Intentionally coming in contact with energized electrical
conductors or circuit parts with the hands, feet, or other body
parts, with tools, probes, or with test equipment, regardless of
the personal protective equipment (PPF) a person is wearing.
There are two categories of “working on”: Diagnostic (lesting) is
taking readings or measurements of electrical equipment with
approved test equipment that does not require making any
physical change to the equipment; repair is any physical altera-
tion of electrical equipment (such as making or tightening
connections, removing or replacing components, etc.).
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INFORMATIVE ANNEX C

Informative Annex C Limits of Approach

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

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 ener-
gized conductors or circuit parts decreases, the potential for
electrical incident increases.

C.L.1 Unqualified Persons, Safe Approach Distance, Unquali-
fied persons are safe when they maintain a distance from the
exposed energized conductors or circuit parts, including the
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 circumstance should an unqualified person cross the
restricted approach boundary, where special shock protection
techniques and equipment are required.

C.1.2 Qualified Persons, Safe Approach Distance,

C.1.2.1 Determine the arc flash boundary and, if the boundary
is to be crossed, appropriate 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 person should meet the follow-

ing criteria:

(1)  Be qualified to perform the job/task

(2) Be able to identify the hazards and associated risks with
the tasks to be performed

C.1.2.3 To cross the restricted approach boundary and enter
the restricted space, qualified persons should meet the follow-
ing criteria:

(1) As applicable, have an energized electrical work permit
authorized by management|

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

(3) Minimize the likelihood of hndlly contact with exposed
energized conductors and circuit parts from inadvertent
movement by keeping as much of the body out of the
restricted space as possible and using only protected body
parts in the space as necessary to accomplish the work}

(4) Use insulated tools and equipment,

(See Figure C..1.2.3.)

C.2 Basis for Distance Values in Tables 130.4(D)(a) and
130.4(D)(b).

G.2.1 General Statement. Columns 2 through 5 of Table
180.4(D)(a) and Table 130.4(D)(b) show various distances
from the exposed energized electrical conductors or circuit
parts. They include dimensions that are added to a basic mini-
mum air insulation distance, Those basic minimum air insula-
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AIFIGURE C.1.2.3 Limits of Approach.

tion distances for voltages 72,5 kV and under are based on
IEEE 4, Standard Techniques for High Voltage Testing, Appendix
2B; and voltages over 72.5 kV are based on IEEE 516, Guide for
Maintenance Methods on Energized Power Lines. The minimum air
insulation distances that are required to avoid flashover are as
follows:

(1) <300V:1mm (0 ft0.03in.)

(2) >300Vto<750V:2 mm (0 ft 0.07 in.)

(8) >750Vto<2kV:5mm (0ft0.19in.)

(4) >2kVto<15kV: 39 mm (0 ft 1.5 in.)

(5) >15kV to <36 kV: 161 mm (0 £t 6,3 in.)

(6) >36 kV to 48.3 kV: 254 mm (0 ft 10.0 in.)

(7) >48.3 kV to <72.5 kV: 381 mm (1 £t 3.0 in.)

(8) >72.5 kVto <121 kV: 640 mm (2 ft 1.2 in.)

(9) >138kVto <145 kV: 778 mm (2 ft 6.6 in.)
(10) >161 kV to £169 kV: 915 mm (3 £t 0.0 in.)
(11) >230 kV to <242 kV: 1.281 m (4 ft 2.4 in.)
(12) >345 kV to <362 kV: 2.282 m (7 ft 5.8 in.)
(18) >500 KV to <550 kV: 3.112 m (10 f 2.5 in.)
(14) >765 kV to <800 kV: 4.225 m (13 ft 10,8 in.)

C.2.1.1 Column 1. The voltage ranges have been selected to
group voltages that require similar approach distances based
on the sum of the electrical withstand distance and an inadver-
tent movement factor, The value of the upper limit for a range
is the maximum voltage for the highest nominal voltage in the
range, based on ANSI C84.1, Electric Power Systems and Equipment
— Voltage Ratings (60 | \Hz). For single-phase systems, select the
range that is equal to the system’s maximum phase-to-ground
voltage multiplied by 1.732.

C.2.1.2 Column 2, The distances in column 2 are based on
OSHA's rule for unqualified persons to maintain a 3.05 m
(10 ft) clearance for all voltages up to 50 kV (voltage-to-
ground), plus 100 mm (4.0 in.) for each 10 kV over 50 kV.
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C.2.1.5 Column 3. The distances in column 3 are based on the

following:

(13 <750 V: Use NEC Table 110.26(A)(1}), Working Spaces,
Condition 2, for the 151 ¥ 1o 600 V range.

(2} =750V 1o 2145 kKV: Use NEC Table 110.84(A), Working
Ep;-u;t:, Condition 2.

(3 =145 kV: Use OSHA's 3.05 m (10 ft) rules as used in
Column 2,

C.2,1.4 Column 4. The distances in column 4 are based on
adding to the flashover dimensions shown in C.2.1 the follow-
ing inadvertent movement distance:

2300V Avoid contact.

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

=300 V 1o £750 V: Add 304.8 mm (1 ft 0 in.) for inadvertent

maovement.

These values have heen found to be adequate over years of
uge in ANSI/IEEE C2, National Flectrical Safety Cods, in the
approach distances for communication workers,

=726 kV: Add 3048 mm (1 fr 0 in.) for inadvertent move-
ment,

These values have been found 1o be adequate over years of
use in ANSI/IEEE C2, Nalional Flecivical Safely Code, in the
approach distances for supply workers.
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