130.5 Arc Flash Hazard Analysis. An arc flash hazard
analysis shall determine the arc flash boundary, the incident
energy af the working distance, and the personal protective
equipment that people within the arc flash boundary shall
use.

The arc flash hazard analysis shall be updated when a
major modification or repovation takes place. It shall be
reviewed periodically, not to exceed 5 years, to account for
changes in the electrical distribution system that could af-
fect the results of the arc flash hazard analysis.

The arc flash harard analysis shall take into consider-
ation the design of the overcurrent protective device and its
opening time, including its condition of maintenance.

Exceplion: The requirements of I3CFHCKIS) and
IF0.FCH16) shall be permitted o be used in liew of deter-
mining the incident energy al the working distance.

Informational Mote No. 1:  Improper or inadequate main-
tenance can result in increased opening time of the overcur-
rent protective device, thus increasing the incident energy.

Informational Mote Mo. 2:  Both larger and smaller avail-
ahle short-circuit currents could result in higher available
arc flash energics. If the available shori-circuit cument in-
creases without a decrease in the opening time of the over-
current protective device, the arc flash energy will increase.
If the awvailable short-circuit current decreases, resulting in
a longer opening time for the overcurrent protective device,
arc flash energics could also increase.

Informational Note No. 31 The occurrence of an arcing
fault inside an enclosure produces a varety of physical
phenomena very different from a bolted fault. For example,
the arc energy resulting from an arc developed in the air
will cause a sudden pressure increase and localized owver-
heating. Equipment and design practices are available to
minimize the energy levels and the number of at-risk pro-
cedures that require an employee to be exposed to high-
level energy sources. Proven designs such as arc-resistant
switchgear, remote racking (insertion or removal), remeote
opening and closing of switching devices, high-resistance
grounding of low-voltage and 5-kV {nominal) systems, cur-
rent limitation, and specification of covered bus or covered
conductors within equipment are technigues available to
reduce the harard of the system.

Informational Note No. 4 For additional direction for per-
forming maintenance on overcurment protective devices, see
Chapter 2, Safety-Related Maintenance Reguirements.

Informational Note No. 5:  See IEEE 1584 for more infior-

mation regarding arc flash harards for three-phase systems
rated less than 240 volis.

{A) Arc Flash Boundary. The arc flash boundary for sys-
tems 50 volts and preater shall be the distance at which the
incident energy equals 5 Ifem® (1.2 calicm®).

Informational Mote: For information on estimating the arc
flash boundary, see Annex [,

(B} Protective Clothing and Other Personal Protective

Equipment (PPE) for Application with an Arc Flash

Hazard Analysis. Where it has been determined that work

will be performed within the arc fAash boundary, one of the

following methods shall be used for the selection of protective
clothing and other personal protective equipment (PPE):

(1} Incident Energy Analysis. The incident energy analysis
shall determine, and the emplover shall document, the
incident enerey exposure of the worker (in calories per
square centimeter). The incident energy exposure level
shall be based on the working distance of the employ-
ee's face and chest areas from a prospective arc source
for the specific task to be performed. Arc-rated clothing
and other PPE shall be used by the employee based on
the incident energy exposure associated with the spe-
cific task. Recognizing that incident energy increases as
the distance from the arc flash decreases. additional
PPE shall be used for any parts of the body that are
closer than the distance at which the incident enerey
wis determined.

Informational Mote: For information on estimating the in-
cident energy, see Annex [). For information on selection of
arc-rated clothing and other PPE, see Tahle H.3(h) in An-
nex H.

{2y Hazard/Risk Categories. The requirements of
130.70CH 153 and 130.7(C) 16) shall be permittad to be
used for the selection and use of personal and other
protective equipment.

{C) Equipment Labeling. Electrical equipment such as
swilchboards, panelboards, industrial control panels, meter
socket enclosures, and motor control centers that are in
other than dwelling units, and are likely to require exami-
nation, adjustment, servicing, or maintenance while ener-
gized, shall be field marked with a label containing all the
following information:
{1y At least one of the following:
1. Available incident epergy and the corresponding
kine di
b. Minimum arc rating of clothing
¢. Required level of PPE
d. Highest Hazard/Risk Category (HRC) for the
equipment
{2) Nominal system voltage
{3y Arc flash boundary

Evceptiom:  Labels applied prior to September 30, 2011,
are accepiable if they contain the available incident energy
or required level of PPE.

The method of calculating and dafta to support the in-
formation for the label shall be documented.



130.7(C)(15)

{15) Selection of Personal Protective Equipment When
Required for Various Tasks. Where selecied in lien of the
incident energy analysis of 130.5(B)1), Table 130/ CW15xa)
and Table 130 WCK 150 shall be used to determine the
hazard/risk category and requirements for use of mabber insu-
lating glowves and insulated and insulating hand tools for a task.
The assumed maximum shof-circuit conrent capacities and
maximum fauli clearing times for varous tasks are listed in
Table 130 WCH15Na). For tasks not listed, or for power sys-
tems with greater than the assumed maximum short-circuit
current capacity or with longer than the assumed maximum
fault clearing times, an incident energy analysiz shall be re-
quired in accordance with 1305,

Informational Mote Moo 1: The hazardirisk category,
waork tasks] and protective eguipment identified in Table
130.T(C)15a) were identified by a task group] and the
hazardfrisk category, protective clothing, and eguipment
selected were based on the collective experience of the
task group. The hazardfrisk category protective clothing
and equipment are generally based on determination of
estimated exposure levels.

In several cases, where the risk of an arc flash incident
is considered low, very low, or extremely low by the task
group, the harardfrisk category number has been reduced
bw 1, 2, or 3 numbers, respectively.

Informational Note Mo. 2:  The collective experience of
the task group is that, in most cases, closed doors do not
provide enough protection to eliminate the need for PPE for
instances where the state of the equipment is known to
readily change (for example, doors open or closed, rack in
or rack out).

Informational Note No. 3:  The premise used by the task
group in developing the critera discussed in Informational
MNote Mo. | and Informational Mote Mo 2 is considered to
be reasonable, hased on the consensus judgment of the full
MNFPA TOE Technical Committee.

Table 130.7(C)(15)(a)

Tasks Performed on Energized Equipment

Hazard/Risk
Category

Rubhber
Insulating
Gloves

Insulated and
Insulating
Hand Tools

Panedboards or other equipment rated > 240V and op o 600 'V

Parameterns:
Maximum of 25 kA short circuit cument available; maximuem of (003 sec (2 cycle) falt
cleanng time; minimum 13 in working distance

Potential arc fAash boundary with exposed enerpired conductons or cinouit parts using
above parameters: 30 in.

Perform infrared thermography and other non-contact inspections. outside the restricted
approach boundary

Cirouit breaker (CB) or fused swilch operation with covers on

CB or fused switch operation with oovers off

Work on energized electrical conductors and circuit pants, inchding voltage testing

(B8]

Removedinsall CHs or fused switches

[B=]

Removal of bolted covers (io expose bare, epergized electncal conductons and circuit parts)

(rpening hingad covers (o expose banz, enenpined electrical conducions and circuit parts)

Work on energized elecinical conductors and circuit parts of wilization equipment fisd
directly by a branch cirout of the panelboard
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Table 130.7(C)(15)(a)

Y = Yes (required). N: Mo (not required).

MNotes:

(1) Rubber insulating gloves are gloves rated for the maximum line-to-line voltage upon which work will be
done.

(21 Insulated and insulating hand tools are tools mied and tested for the maximom line-to-line voltage upon
which work will be dope, and are manufactured and tested in accordance with ASTM F 1505, Staadand
Specification for Insalaled and Insulating Hand Tools,

(31 The use of “N" does not indicate that rubber insulating gloves and insulated and insulating hand tools are not
required in all cases. Rabber insulating gloves and insulated and insulating hand tools may be required by 13004,
1308 (Ch (7), and 130.E(D).

(4) For equipment protected by upstream current limiting fuses with arcing fault current in their current limdting
ramge (%2 cycle fanlt clearing time or less), the harardfrisk category required may be reduced by one number.
(5) For power systems up to &0 W the arc flash boundary was determined by using the following information:
When (0103 second tnip time was wsed. that indicated MCC or panelboard equipment protected by a molded-case
circuit breaker. Working distance usad was I8 in. (455 mm). Arc gap used was 32 mam for switchgear and 25 mm for
MOC and protective device type O for all. When 033 or 05 second trip ime was used, that indicated a LVPCB
{drawout circuit breaker) in switchgear, Working distence was 24 in (610 mem). Arc gap wsed was 32 mm and
prodective device type O for all. AN numbers were rounded up or down depending on closest muliple of 5.

(&) For power systems from | kY to 38 kY the arc flash boundary was determined by using the following informa-
tion: No maximam vahees were given in the 200F ediion of NFPA TOE for short-circuit cument or operating time.
Two sets of equations were performed: 35 kA AIC and 0.2 second operating Gme and 26 KA AIC and 0.2 second
operating ime. 0.2 seconds was wsed by adding the typical maximum total cleaning time of the circuit breaker to an
estimated value for relay operatson. This cofncides with the [EEE 1584 values of (018 second operating time and 0.08
tripping ime rounded off. A shor-circuit current of 35 kA was used as a maximom (HRC-4 & - 40 callcm®) and
26 kA was used in compame the effects of lowering the short circait cument (HRC-4 & - 30 caliem?). Working
distance used was 36 in. (¥ mm}, arc gap was 6 in. (455 mm), and protective device type O for all.




