af S

or any member of the line management of the
organization.

* On the other hand, the employse Is the slectriclan
or ather worker. A first or second line supervisor,
then, has two roles. He or she might be a repre-
sentative of the company, operating as an
employer, in addition to being an employee.

* The term owner has still a different twist. Rather
than a person, the owner is the entity that owns
the equipment or facllity, The owner has a role
and responsibility that is somewhat different from
either employer or employee.

in The Act, OSHA is chartered to establish require-
ments for employers, It has no jurlsdiction to assign
responsibilities to employees. Therefore, meeting
requirements defined by OSHA is the responsibility
of the employer (management of the company). ltis
the employer who must:

* provide for a safe workplace ,
+ gstablish and implement a safety program

* establish an enforcement policy to ensure that
employees follow established practices

In the case where a contracior is performing work on -

a site or facility owned by someone else, some inher-
ent responsibilities must be assumed by the owner.
Perhaps the most important of those responsibilities is
to make sure that the contractor is fully apprised of all
hazards existing that might impact the work.

National consensus standards are not similarly con-
strained. As a result, NFPA 70E also asslgns respon-
sibility. Responsibility assigned to the employer is the
same as in 29 CFR 1910, Subpart S. The employer's
responsibilities include the developmiént and imple-
mentation of an electrical safety program, and the
development of safety procedures and guidelines

for an employee safety training program on proper
implementation of those procedures.

NFPA 70E suggests that employees are responsible
for Implementing the program and procedures pro-
vided by the employer. The standard goes on to
suggest that although responsibility of employer and
employee are distinct and clear, the most effective
process Is {o establish a close working relationship
between employer and employes in which each has
value for the other as they work together.

iX. Electrical Incident and Hazard
Prevention

A. Not working on or near

According to OSHA 1910.333(a){1) and NFFA 70E
130.1, workers shall not work on or near exposed live
parts except for two demonstrable reasons:

1, De-energizing introduces additional or
increased hazards (such as cuiting ventilation
to a hazardous location) or

2. Infeasible due to equipment design or operational

limitations (such as when performing diagnostics
and testing for startup or troubleshooting and this
work can only be dons when circuits are energized).

So, for clrcumstances other than the two exceptions, the
clrcuits/equipment shall be put in an electrically safe
work condition prior to commencing electrical work.

B. Electrically safe worl condition

An electrically safe work condition Is a concept first
Introduced in NFPA 70E. This term Is now defined In
NFFA 70E Definitions and the steps to put a circuit
in an electrically safe work condition are detailed In

70E-120.1,

The concept embraces several ideas and suggests
that six different steps must be taken before an
elactrical circuit Is safe to approach or touch without
PPE. Electriclans and other workers tend to believe
that a circuit is safe to approach or touch if it is
de-energlzed. The fact that injuries continue rather fre-
quenily, based upon this belief, proves that additional
steps are needed.

Some people also bslieve that If a lock and tag are
placed on a labeled disconnecting means, the equip-
ment is safe to work on. However, other issues must
ba considered, For example, labels can be marked
incorrectly, equipment can be supplied from more
than one source, or a temporary conductor could
have been installed. It also is feasible that an
unrelated energized circuit conductor could

contact the conductor leading to the work area.

In other instances, workers outsidse the area or compli-
cated systems can affect the work area, Often it is
assumed that if the contact point is tested for absence
of voltage, the point is safe for executing the task, But
this only proves that no voltage is present at the time
of the voltage iest. Voltage could be absent due fo a
process interlock being open, or a second source of
snergy could simply be turned off for the moment.
Avoiding incidents and injury requires training,
planning, and preparation.

NFFA 70E 120.1 requires a process of six discrete and
independent steps be executed prior to declaring the
existence of an electrically safe work condition, Only
afier the following steps have been exscuted can work
begin without possible exposure to an electrical hazard,

1. Determine all possible sources of energy, Review
all reliable and up-to-daie drawings, documentation,
and identification tags and labels. Drawings must
include all energy sources, including temporary and
back up power sources.
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2. After properly interrupting the load, open all dis-
connecting davices for the clreuit. At this point,
the equipment or circult is simply de-energized.

3. Where possibls, visually verify that all disconnect-
ing devices, Including drawout circuit breakers, are
open. Also check that all disconnecting devices
meet appropriate codes and standards.

4. Apply lockout/tagout devices in accordance with
documented and established policy. An estab-
lished polley Is an enforced written procedure
made available to all employses.

5. Use adequately rated voltage testers to verify the
absence of voltage on sach point where physical
contact is expected, Employees are required to
use only voitage testing equipment that is rated
by a third party.

6. Where the possibility of induced voliage or stored
energy exists, ground the phase conductors
before touching them. Where it is reasonable to
expect that the conductors could be re-energized
due to accidental contact with another source of
energy, install grounding devices rated for the
available fault current.

Untii these six steps have been adequately executed,
some potential of exposure to an electrical hazard still

exists,

Note: While putting cireuits/equipment in an electri-
cally safe work condition, safe work practices
-appropriate for the circuit voltage and arc-flash
energy level shall be used, Including adequate
personal protective equipment [70E-120.2(A)].
When a disconnect is opened, the circuit may be
de-energized but the circuit Is not yet considered
to be in an elecirically safe work condition until
alf the above steps of 70E-120.1 are success-
fully completed. For insfance, voitage testing of
each conduclor, which is a necessary step while
putting a cireuit in an electrically
safe work condition, requires adequate PPE,
Essentially the same requirement is in OSHA
1910.333(b) which considers de-energized cir-
cuits as energized untif all the appropriate steps
have been completed successfully.

C. Shock hazard and flash hazard
analysis

If a worker Is to work on or near exposed conductors
that will not be In an electrically safe work condition, a
shock hazard analysis and flash hazard analysls are
required.

NFPA 70E 110.8(B)(1)

(a) Shock Hazard Analysis, A shock hazard analysis
shall determine the voltage to which personnel will be
exposed, boundary requirements, and the personal pro-
tective equipment necessary in order to minimize the
possibility of electrical shock to personnel,

FPN. See 130.2 for the requirements of conducting a
shock hazard analysis,

{b} Flash Hazard analysis. A flash hazard analysls shall
be done in order to protect personnel from the possibility
of being injured by an arc-flash,

The analysis shall dstermine the Flash Protection
Boundary and the personal protective equipment that
people within the Flash Protection Boundary shall use.

FPN: See 130.3 for the requiremenis of conducting a
flash hazard analysis. .

NFFA 70E has developed rsquirements to reduce

the risk of injury to workers due to shock and arc-flash -
hazards. There are three shock approach houndaries
In NFPA 70E Table 130.2(C) that are required to be
observed. These shock approach boundaries are
dependent upon the system voltage and are

discussed in the next section.

As has been discussed, arc-fault currents can release
tremendous amounts of energy. NFPA 70E requires
that before a worker approaches exposed electric con-
ductors or circuit parts that have not been placed In

- an electrically safe work condition; a flash hazard

analysis must be performed. The flash hazard analysis
must determinse the flash protection boundary (FPB)

. and level of personal protective equiprment (PPE) that

the worker must wear. The flash protection boundary
Is the distance from the energized parts at which a
worker could sustain a Just curable burn (bare skin) as
a result of an arcing fault. A worker entering the flash
protection boundary must be gualified and must be
wearing appropriate PPE. This will be covered in
greater depth in the Flash Hazard Analysis Section,

The foliowing flgure depicts the flash protection
boundary and the three shack approach boundaries
that shall be observed per NFPA 70E. In an actual
situation, before a worker is permitted to approach
equipment with exposed parts that have not been
placed in an electrically safe work condition, these
boundaries must be determined. In addition, the
worksr must be wearing the required level of PPE,
which can be determined by shock and flash hazard
analysis. It is important to observe the shock approach
boundaries together with the flash protection bound-
ary; do not anly ohserve the shock approach bound-
arles io the exclusion of the flash protection
boundaries or visa-versa. This figure is an over-simpli-
fication. The NFFA 70F distance for each boundary is



in all directions from the exposed parts, which creates
a protection boundary sphere.

Flash Protectlon Boundary (FPB)
Hust wear appropriate PPE
FEB dependen! en fault level and time dura!lon

. Equipment

Shock Approach Boundar[es
<} Prohibited; Qualifled Persans Only, PPE as If direct contast with live part

Restricted: Qualified Persons Only

% Limited: Qualitied or Unqualified Persons*
*Only If eccompanted by Quallfied Person

Note: shock approach boundaries dependent on system vollage Tevel

D. Approach boundaries for
shock protection

Table 1X(D) (based on Table 130.2(C) in NFFA 70E)
provides approach distances to exposed energized
electrical conductors. The table Identifies boundaries
for limited approach, restricted approach, and prohib-
ited approach. The table establishes satisfactory dis-
tances between a qualified or unqualified person and
conductors that have not been placed in an electrically
safe work condition.

» The limited approach boundary (columns 2 and
3) is the limit of approach distance for unqualified
persons to a live part. In concept unqualified peo-
ple are less capable of recognizing a shock and
flash hazard. Therefore, these persons should
remain at a safer distance from open, energized
conductors. When there is a need for an unquali-
fied person to cross the limited approach boundary
to perform a minor task, or look at equipment, a
qualified person shall advise him/her of the possi-
ble hazards and ensure the unqualified person is
safeguarded. Under no circumstances shall an
unqualified person be permitted to cross the
restricted approach boundary.

The exposed movable conductor (column 2) is
intended to mean that either the conductor might
move (as in an overhead line) or the person might
move (as in an articulating support platform). A fixed
circuit part (column 3) refers to a task where the con-
ductor Is not expected to move, such as within a unit

substation.

‘s The restricted approach boundary (column 4)
is the closest distance for an unqualified person.
Under no circumstances shall an unqualified per-
son be permitied to cross the restricted approach
boundary. To cross this boundary, a person must
meet the following criteria:

- Be a qualified person

- Have an approved plan
- Use PPE approved for the conditions

- Position his or her body in a way that
minimizes risk of inadvertent contact

In some Instances, work outside the restricted
approach boundary but within the person’s reach may
be classified as restricted work if, in the judgment of
the personnel involved, conductive objects or
ungrounded body parts could make unintentional
contact or cross the prohibited approach boundary,

* The prohibited approach boundary (column 5)
is the minimum approach distance to an exposed
energized conductor or ¢lrcuit part and is the clos-
est point to prevent flashover. To cross this bound-
ary and enter the prohibited space shall be
considered the same as making contact with
exposed energized conductors or clrcuit parts.

To cross the prohibited approach boundary, the
qualified person must do the following:
« Have specified tralning to work on energized
conductors or clrcuit parts

« Have a documented plan that justifies the need to
work inside the prohibited approach boundary

¢ Perform a hazard risk analysis

« Have both the documented justification plan and
the hazard risk analysls approved by the site
imanager

+» Use PPE appropriate for working on exposed
energized conductors or circuit parts and rated for

the voitage and energy level involved

2R
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Nominal Exposed Exposed _ Includes

Voltage Range Movable Fixed Clrcuit inadvertent

Phase-io-Phase Conducter Part iMovement Adder
0to 50 Not spacified Not specified Not specifled Not specified
51 to 300 101t 0in, 3fl.6in Avold contact Avold contact
751 to 15 kV 101 0ln 51t 0in, 21t 2in, 0t 71n,
15.1 kv {0 36 kv 104, 0in, 61t 0in. 2. 7in, 0t 101n,
36.1 kVto 46 kv 10 1t. & in, g1t 0in. 2ft. 9in. 1. 5in,
46.1 KV to 72.5 kV 101t 0 in, 8. 0in., 31t 3in. 2ft.110n.
72,6 kV to 121 kv 104t 8 In. 8.0, 3t 2in. 21t 81n.
138 kV to 145 kv 1.0, j01t. O in. 3t 7in, 3ft. 1in,
161 kV to 169 kv 11 . 8 1in. 111t 8in, 41t 01n. 3t 61n,
230 kV fo 242 kv 131, 0in. 13f. 0in. 5{t. 31In, 4 ft, 9in,
345 kV to 362 kV 158 4in, 15§ 4 In. 81t 6in. 84 0in.
500 kV to 550 kv 19 4. 01n. 19it. 01n. 111 31n. 10t 9in.
765 kV to 800 kv 23it. 9in. 23 §t. 9.in, 141t 11 in. 14 1t. 5 in,

Notes: Column No. 4: The distances are based on adding to the ffashover

1 See Glossdry In section Xl for definition of terms.

All dimenslons are distance from five part to worker,

For S| Units: 1in = 25.4mmy; 1it = 0.3048m,

For flash protection boundéry, sea NFPA 70E; 130.3(A)(1).

Column No. 1: The voliage ranges group voltages that require
similar approach distances based on the sum of the electrical with-
stand distance and an Inadvertent movement factor. The value of
the upper [imit for a range Is tha maximum voltage for highest noml-
nal voltage in the range based on ANSI C84.1-1995, Elecirlc Power
systems and equipment—Voltage Ratings (60Hz). For single-phase
systems, select the range that Is equal to the syslem’s maximum
phase-to-ground voltage times 1.732.

Column No, 2; The distances In this column are based upon
OSHA's rule for ungualified persons to maintain a 10ft {3.05m)
clearance for all voltages up o 50kV (voltage-to-ground), plus
0.4in (102mm) for each 1&V over 50KV,

Column No. 3: The distances are based on the folfowing:

+ 750V and lower, use NEC Table 110.26(a) Working Clearances,
Cenditlon 2 for 151-800V range.

« For voltages over 750V, but not over 145kV, use NEC Table
110.34(2) Working Space, Condition 2.

» For over 145kV, use OSHA's 10 foot {3.05m) rules as used in
Column No. 2,

dimenslons shown above the following Inadvertent movement
distance:
+ 300V and lass, avold contact, based upon experience and
precautions for household 120/240 systems.

» Qver 300V and not over 750V, add 1 foot 0 inches inadvertent
movement. These values have been found to be adequate over
‘vears of use In ANSIC2, National Elecirical Safety Code, In the
approach distances for communlcation workers,

» Over 72.5kV, add 1 foot 0 inches inadverient movement.

These distances have been found to be adequate over years of usa
in the NESC in the approach distances for supply workers.

Column No. 5: The distances are based on the following:

+ 300 and less, avoid contact.

+ Over 300 but less that 750V, use clearances from NEGC table

- 230.51{C).

+» Between open conductors and surfaces, 600V not exposed to
weather.

« Qvar 750V but not over 2,0kV, value selected that fits In with
adjacent values.

« Qver 2kV bul not over 72.6kV, use NEC Tabls 490.24,
“Minimum Clearance of Live Parts,” ouldoor phase-to-ground
values.

+ Qver 72.6%V, add 0 foot 6 Inches Inadverlent movement.

These values have been found to be adequale over years of use
where a hazardfrisk analysis, either formal or Informal, has been
performed of a speclal work procadurs that allows closer approach
than that permitted by the reslricted approach boundary distance.



E. Flash hazard analysis

A flash hazard analysis must be performed

before work can be done on or near exposed circuits
that have not been put in an electrically safe work
condition.

NFPA 70E section 110.8(B)(1){(b):

A Flash Hazard Analysis shall be done in order to pro-
tect personnel from ihe possibility of being injured by

an arc-flash. The analysis shall determine the Flash Pro-
tection Boundary and the personal protective equipment
that people within the Flash Protection Boundary shall

use.

NFPA 70E Flash Proiection Boundary definition:

An approach limit at a distance from exposed live parls
within which a person could recelve a second-degree
burn If an electrical arc-flash were to occur,

Because workers might need to work on or near
equipment not in an electrically safe work condition,
additional safety measures must be taken, Since elec-
trical arcs can seriously burn workers, NFFPA 70E has
adopted procedures to provide safe working distances
from a hazardous arc. Whenever work is to be done
on or near exposed parts not in an electrically safe
work condition within the flash protection boundary
(FPB), the worker(s) must wear the proper PPE for
the potential arc-flash hazard. Note: this Includes test-
ing for absence of voltage while putting a circuit in an
electrical safe work condition,

The two variables that have the greatest impact on the
amount of energy released during an arcing fault are
the available bolted fault current, and the time it takes
the overcurrent protective device 1o clear the fault.
Different types of overcurrent protective devices can
have opening times that vary greatly. Current-limiting
devices will open in less than$ cycle in their current-
limiting range, while devices that Incorporate a short-
time delay can take up to 30 cycles to open. if not
properly maintained, circuit breakers could have unin-
tentionally longer clearing times, resulting in higher haz-
ard levels (for more information see Section X(M)).

Different methods are available for conducting a flash
hazard analysis for systems 600V or less. No matter
which method of flash hazard analysis is used, certain
information is required for a proper assessment. In
this publication, three methods are discussed for sys-
tems 600V or less:

1. Determine FPB and Hazard Risk

Category/PPE Using Tables in NFPA 70E

2. Calculate FPB and Incident Energy Using
NFPA 70E Formulae
@E» 3. Determine FPB and incident Energy Using
IEEE 1584

Category/PPE Using Tables in NFPA 70E
(See Example 1 on page 30)

FPB:

If the overcurrent protective device has a clearing

time of 6 cycles or less and available fault current of
B0kA or less (or any combination where the product of
clearing time and available fault current does

not exceed 300KA cycles or 5000A-seconds)
70£-130.3(A)(1) aliows a flash protection boundary

of 4 feet to be used. ,

There are equations in 70F-130.3(A)(1) that can be

“used to calculate the flash protection boundary. These

equations shall be used when the clearing times and
bolted fault currents are greater than 300kA cycles,

or may be used as an alternative to the 4 feet FPB
when under engineering supervision, They are based
upon the work oullined in a technical paper by Ralph H.
Lee, “The Other Electrical Hazard: Electrical Arc-blast
Burns.” in IEEE Transactions on Industrial Applications,
Volume 1A-18. No.3, May/June 1982, Either of the follow-
ing formulae may be used for this calculation.

De = [2.65 x MVA, X ]2 (ft)

or
Dc = [53 x MVA x1]"2 (ff)
Where: :
Dc = flash protection boundary In feet
MVA,, = bolted 3-phase fault MVA at point involved
= 1.73 x voltage L-L x available short-
circult current x 1078
MVA = MVA rating of transformer (For transform-
ers with MVA ratings below 0.75 MVA,
multiply the transformer MVA rating by
1.25)
t = time of arc exposure in seconds

The first formuta is more accurale, singe it accounts

-or conductor impedance in the clrcuit. Note the two

important circuit variables in each equation are avail-
able short-circuit current and time of arc exposure.
MVA,, is the bolted three-phase short-circuit available
expressed in millions of volt-amps. The other critical
variable Is time, Energy released in an electrical arc
escalates rapidly. The flash protection boundary there-
fore is dependent on the characteristics of the over-
current protective device. An overcurrent device
should be selected that limits the arc time duration
and, if possible, limits the magnitude of the current.
When the fault current is within the current-limiting
range of current-limiting fuses, the arc-flash hazard Is
generally reduced. Current-fimiting fuse equivalent
RMS let-through data (where available) can be used
in the flash distance formula. Where data is unavail-
able, the full available short circult should be used.
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PPE from tables: The flash hazard analysis must
also determine the proper PPE. The PPE can be
selected by using tables in NFPA 70E. It is important
to note that several qualifiers to these tables must be
satisfied to use the tables. The result Is that the over-
cuirent protective device opening time, and available
faull current, must be known in order o use the tables
propetly. This point is made in the following:

NFPA 70E secton 130.7(C)(8)(a):

For tasks not listed, or for power systems With greater
than the assumed short clrcuit current capacity or with
longer than the assumed faulf clearing times, a flash
hazard analysis is required in accordance with 130.3.

70E-Table 130.7(C)(9)(a) Hazard Risk Category
Classifications allows users to determine the hazard
risk category for a specific work task simply by using
this table. The table lists several types of electrical
equipment and specific tasks to be performed. The
user selects the equipment and task that will be
peirformed and reads across the row to determine

the hazard risk category and also whether voliage-
rated gloves andfor voltage-rated tools are required,
The hazard risk categories are 0, 1, 2, 3, and 4. If the
task to be performed is not listed in the tables, or the
table qualifiers are not met, the PPE shall be selected
by calculating the incident energy (see methods 2 and
3, following).

Once the hazard risk category has been determined,
70E-Table 130.7{C){10), Protective Clothing and
Personal Protective Equipment (PPE) Matrix, can

be used to select the required PPE. 70E-Table
130.7(C)(11), Protective Clothing Characteristics, is
then used to determine the required minimum arc
rating of the PPE. See Example 1 on page 30.

Determine Determine
— Hazard Risk ¥ Determine > required min-
required imum arc ral-
Delermine Category per PPE per ing of PPE
FPB par 70E-Table 70E-Table per 70E-
70E-130.3 130.7 130.7 Table 130.7
* ) (K1) €)1

Method 2: Calculate FPB and Incident Energy
Using NFPA 70E Forimulae
(See Example 2 on page 31.)

FPB: The flash protection boundary is determined
using one of the equations in Method 1 discussed

previously.

PPE from calculations: With this method, the first
step is to determine the thermal energy an arcing fauit
would release for the specific circumstances, and then
determine the PPE. A calculation is made to deter-
mine the value for the arc-flash energy release.
Typically, what is calculated Is the incident energy,
which Is a thermal energy measurement (calories or
joules) over an area (typically centimeter squared) at a
distance the workers head and torso would be from
the arc. Incident energy is measured in callcm? or
joulesfcm?. The industry has generally accepted 18
inches as a typical working distance for calculating the
incident energy on low voltage systems. However, it
can be calculated at different distances if required.
The equation to calculate the incident energy Is found
in NFPA 70E Annex D, D.6.2. The formula s taken
from a paper by R.L. Doughty, T.E. Neal, and H.L.
Floyd 1l, “Predicting Incident Energy to Belter Manage
the Electric Arc Hazard on 600V Power Distribution
Systems,” Record of Conference Papers, |IEEE |AS
45th Annual Petroleum and Chemical Industry
Conference, September 28-30, 1998.

Eys = 1038.7Dg 4738, [0.0093F2 -0.3453F + 5.9675]
Where:

E,p = incident energy, cal/cm?

Dy = distance, inches (for distances = 18 inches)
t, = arc duration, in seconds

F = bolted fault, short-circuit current, kA

(16-50KA)

Note: The formula is applicable for a range of 16kA to
50kA short-circuit current,

Just as with the flash protection boundary equation,
the incident energy is also a function of the available
fault current and the time it takes the overcurrent pro-
tactive device to clear the fault. Equivalent RMS let-
through data, (where available) can be used in the
incident energy formula. Where data is unavallable,
the full available short circuit should be used. This inci-
dent energy will determine the required minimum arc
rating of the PPE. The calculated incident energy then
can be used to determine the hazard risk category
from 70E-Table 130.7(C)(11}, and the actual PPE
required is found in 70E-Table 130.7(C)(10).
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Calculata Delermine Determine
Incldent hazard risk required min-
Calculate energy lo calegory imum PPE
FPB per find mint- per 70&- per 70E-
70E-130.3 P mumarc P> Igg"; Table 130.7
ralin, : C)10
(A g ©)11) (C)(10)

Method 3: Determine FPB and Incident Energy
Using IEEE 1584
(See Example 3 on page 33.)

but at the next lower arc rating. if intermediate arc rai-
ings are not utilized at the next lower arc rating, there
is a higher probability that the PPE will not be ade-

quate for an arc-flash incident,

Determine i
FPB and Determine Determine Doter r'nf.;‘a
incident Minimurm hazard risk reguire
energy arc rating of category PPE per
using PPE per per 70E- 70E-Table
lable In p ©)(10)
Annex G fevols (C)(i1)

This is a newer method that Is included in NFFA 70E,
Annex D. It is IEEE 1584 Guide for Performing Arc-
flash Hazard Calculations, |IEEE 1584 used extensive
testing and analysis to develop new formulae for doing
a flash hazard analysis. IEEE 1584 has several calcu-

lation alternatives,

IEEE 1584 simplified method: IEEE developed formu-
lae to calculate incident energy for current-limiting fuses
and low-voltage circuit breakers. These equations allow
the incident energy to be calculated directly from the
available three-phase bolted fault current on a 480V
system if the type and ampere rating of overcurrent pro-
tective device Is known. This simplified method does not
require the availability of fime cutrent curves for the
devices. The fuse formulae are based on actual
arc-flash test data using Cooper Bussmann
LOW-PEAK® fuses. The circult breaker formulae were
developed by analyzing typical clreuit breaker operation
and calculated arcing currents. Because there are sev-
eral equations dependent on the type, and size of the

“overcurrent protective device and range of fault cur-

rents, the equations are not reprinted here, These
equations can be found in IEEE 1584 Sections 6.6 and

5.7 and in D.8.6 In NFFA 70E, Annex D.

For convenience, the incident energy and flash protec-
tion boundaries for LOW-PEAK® fuses and circuit
breakers, based on IEEE 1584, have been presented
in an easy-to-use tabular format in Annex G of this
book. This table makes it simple to find the incident
energy and flash protection boundary based on the
available three-phase boited fault current at 480V and
the type of overcurrent protective device, This informa-
tion is also avallable using an interactive online calcu-
lator at www.bussmann.com.

The notes in Annex G should be read before using the
table in Annex G, The calculations in this table were
created so that the PPE selected from the calculated
incident energy would be adequate for 98% of arc-
flash incidents. In up to 2 percent of incidents, the
level of PPE may be one level too low. For IEEE 15684,
the set of PPE arc ratings were chosen as 1.2, 8, 25,
40, and 100calfcm?, For incident energy results that
fall between these values, PPE with the next higher
standard arc rating must be used. For instance if the
incident energy is calculated to be 1ical/cm?, the PPE
used must have a 25calfcm? arc rating, PPE with inter-
mediate arc ratings can be utilized per this method,

IEEE 1584 other methods: Using IEEE 1584, the
arcing fault current is calculated based on the avail-
able bolted fault current and then the arcing current is
used to determine the opening time of the overcurrent
protective device, Using this opening time and the arc-
ing current, the incident energy is calculated using for-
mulae. IEEE 1584 uses the incident energy to
calculate a flash protection boundary.

Summary on flash hazard analysis

Methods 1, 2, and 3 are acceptable ways to conduct the
flash hazard analysis. With each method the available
three-phase balted fault current must be known. [f the
available bolted fault current is not known, it must be
calculated before performing a flash hazard analysis, With
methods 1 and 2, the opening time of the overcurrent pro-
tective device must be known, Although different analysis
methods are likely to provide different resuits,

the requirement Is that some method be used to enable
a worker to select arc rated PPE. An employer should
select one method to assess the arc-flash hazard, The
selection should be based on the overall work environ-
ment at the work site. The desired resuit of the analysis,
regardless of which method Is chosen, Is that a worker
must be able to select flame-resistant PPE. One factor
direclly associated with the selection is that workers must
understand the procedure, and supervisors must be able
to administer it. The most Important issue is that workers
wear PPE that has an adeguate arc rating and that all
exposed body paris within the flash protection boundary
are covered by arc rated, flame-resisiant material. The
idea is to conslder the following elements and then iden-
tify a safe working distance to avold an arc-lash injury.

* Available three-phase bolted fault current

* Current that is “let-through” by the overcurrent
device (if current-limiting)
s Length of time the fault current is permilted to flow

if the skin's surface is covered with clothing, the analy-
sis objective changes. in this situation, the

objective is to avold ignition or. breakopen of the cloth-
ing material. Should the apparel be ignited, the expo-
sure time to a very high temperature Is much greater.
Clothing must not add to the degree of the injury.

....... hitrnmann Anm



The following example provides some insight into
typical situations:

Example 1 Using Method 1 - FPB and Hazard/Risk

Category/PPE Tables in NFPA 70E:

" Use Method 1 to determine the flash protection bound-
ary and required PPE to perform voltage testingon a
480V motor controf center (MCC). The available three-
phase bolted fault current Is 18,000A. The opening lime
of the feeder overcurrent protective device upstream
from the MCC is 1 cycle (0.0167 seconds).

The flash protection boundary must be established.
The combination of available bolted fault current and
the device clearing time is 18kA cycles (<300kA
cycles); therefore 4.0 feet can be used as the flash
protection boundary.

Next, find the correct heading in 70E-Table
130.7(C)(9)(a) (excerpts are printed below), which is

600V Class Motor Control Centers (MCCs). Notice the
raferences to Notes 2 and 3. These notes must be
checked to verify that the qualifications are met. If the
qualifications are not met, the table cannot be used,
and a calculation method shall be used. Note 2 states
an assumed shork-cireuit current of 65kA, and an
assumed fault clearing time of 0.03 seconds (2
cycles). Note 3 allows the Hazard/Risk Category to be
reduced by one number if the avallable fault current is
below 10kA, With 18,000A available and a 1-cycls
clearing time, we are within the limits of the assumed
shorl-circult current and fault clearing time; therefore
the table can be used, but the Hazard/Risk Category
cannot be reduced.

Excerpts from Hazard Risk Category Classifications (VFPA 70E Table 130.7(C}(9)(a))

Task (Assumes Equipment Is Energized, and Work
Is Done Within the Flash Protection Boundary) '

Panelboards rated 240V and below - Notes 1 and 3

Hazard/ Risk V-rated V-rated
Category Gloves Tools
L] L] L]

‘—-“:‘) B ht
Work on control clrcuits with energlzed parts 120V

or below, exposed
WV\A/V\/\AA/}/\/\NW\AAN\NVVWMV\NV\A/\/,\/V\ANW\%\AAN

Legend:

V-rated Gloves are gloves rated and tested for the maximum line-to-line voltage upon which work will be done.
V-rated Tools are fools rated and tested for the maximum line-to-line voltage upon which work will be done.

2* means that a double-layer switching hood and hearing protection are required for this lask In addition to

the other Hazard/Risk Category 2 requirements of Table 130.7(C}{(10).

= yes (required)
N = no (not required)

Notes:

1. 25kA short circult current available, 0.03 second (2 cycle) fault clearing time

2, 65kA short. cErcuat currenl ‘avallable, 0.03 sécond {2 cyc!e) fault cleafing time
I/RISK Category requ]red may be

_f'labie the Ha, 1

3, For <1 OkA short clrcu]t curient

diced by orie-number,

4. 65KA short clreult current a\.ralléblé 0.33 second (20 cycle) fault clearing time.
5. 85kA short clrcult current available, up fo 1.0 second {60 cycle) faull clearing time.
6. For <25kA short circuit current available, the Hazard/Risk Category required may be reduced

by ene number,




Once it is verified that the table can be used, the task
is selected under the equipment heading. In this case,
work on energized parts, including voltage testing, The
Hazard/Risk Category for this task is 2%, and V-rated
Gloves and Tools are required {denoted by ‘Y'in those
columns). The legend explains that 2* means that a
double-layer switching hood and hearing protection are
required for this task In addition to the other Hazard/Risk
Category 2 requirements of 70E-Table 130,7(C)(10).

70E-Table 130.7(C)(10) Protective Clothing and
Personal Protective Equipment (PPE) Matrix requlires
the following equipment for Category 2. This table also
has a legend and Notes that should be referenced.
(After this listing are the applicable notes.):

Non-melting (according to ASTM F 1506-00) or
Untreated Natural Fiber

* T-shirt (short-sleeve)
* Pants (long} (Note 6)
FR Clothing (Note 1)
+ Long-sleeve shirt
* Pants (Note 6) - Alternate is fo use FR cov-
eralls {(minimum arc rating of 4) over non-
melting or untreated natural fiber pants and
T-shirt.
FR Protective Equipment
* Hard hat
» Safely glasses or safety goggles

* Flash suit hood (face shield is not allowed
because of the 2* requirement from 70E-
Table 130.7(C)(9)(a))

¢ Hearing protection (ear canal inserts) (Note 8)
* Leather gloves (Note 2)
* Leather work shoes

NFPA 70E Table 130.7(C)(10) Notes:

1. See Table 130.7(C){11). Arc rating for a garment Is
expressed In callerr?,

2, If vollage-rated gloves are required, the leather protec-
tors worn external to the rubber gloves satisfy this
requirement.

6. If the FR panis have a minimum are rating of 8, fong
pants of non-melling or untreated nalural fiber are not
required beneath the FR panis.

7. Alternate is to use FR coveralls (minimum are rating of
4) over non-relting or untrealed natural fiber pants
and T-shitl,

8. A faceshield with a minimum arc raling of 8, with
wrap-around guarding fo protect not only the face, but
also the forehead, ears, and nack (or, alternatively, a
flash suft hood), Is required,

Finally, since the hazardfrisk category is 2*, 70E-Table
130.7(C})(11) (see page 35) requires all PPE for this
work task to have a minimum arc rating of 8calfcm?.

The minimum requirement is that qualified persons
within 4.0 {eet of exposed energized parts for this task
shall wear an untreated cotton T-shirt, 8callem? long-
sleeve shirt, 8cal/cm? long pants, hard hat, safety
glasses, 8cal/cm? flash hood, hearing protection,
Class 00 insulating gloves and leather protectors.
Substilutions are allowed in accordance with

NFFA 70E. 1000V rated insulated tools are also
required. Unqualified persons shall not enter the

flash protection boundary.

Example 2 Using Method 2:;

Calculate FBP and incident energy - NFPA 70E
Formulae: Use Method 2 to determine the flash pro-
tection boundary and required PPE for the circuit from
Tests 4 and 3 shown in Section Vi, The available
three-phase bolted fault current is 22,600A at 480V.
Because it is possible 1o Initiate a fault on the line side
of the branch-circuit short-circuit device inside tha
combination motor starter, the device that is upstream
must be used for the flash hazard analysis

i Feeder Overcurrent
Protective Device
Wireway

Combination
Motor Starter

- A o wr ma o]
e e ptp—
e e — |

P -y

Test 4: 640A Circuit Breaker Protecting a Feeder
The feeder overcurrent protective device from Test 4
was a 640A circuit breaker with short-time delay
(STD); the fault current was permitted to follow for

6 cycles.

First calculate the flash protection boundary using
22,600A avallable bolted fault current, and 0.1 second
device opening time (6 cycles):

D, = [2.65 X MVA x t]*2 ({t)

D, = [2.66x 1.732 x 480 x 22,600 x 10 x 0.1]*2
(fe)

D, = (4.98)" (i)

D, = 2.23 ft' Flash Protection Boundary

wnaan hticamann ~fam
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Next calculate the Incident energy at 18 Inches:

Eys = 1038.7D5 %4738, [0.0093F2 -0.3453F
+ 5.9675] (callem?)

Eye = 1038.7(18)47%(,1) [0.0093(22.6)2 -
0.3453(22.6) + 5.9675] (calfcm?)
Eup = 4.27callem?t Incident Energy at
18 inches

tif the circuit breaker has not been malniained properly, the
incident energy and flash protection boundary may be much
greater,

This is a Category 2 hazard level per 70E-Table
130.7(C)(11). 70E-Table 130.7(C)(10} Protective
Clothing and Personal Protective Equipment (PPE)
Malrix requires the following equipment for
Category 2:
Non-melting (according to ASTM F 1506-00) or
Untreated Natural Fiber

* T-shirt (short-sleeve)

* Pants (long) (Note &)
FR Clothing (Note 1)

. Long-éleeve shirt

* Pants (Nofe 6) - Alternate is to use FR cov-
eralls (minimum arc rating of 4) over non-
melting or untreated natural fiber pants and
T-shirt.

FR Protective Equipment
¢ Hard hat
+ Safely glasses or safety goggles

* Arc-rated face shield, or flash suit hood
(Nots 8)

« Hearing protection (ear canal inserts) (Note 8)
* Leather gloves (Note 2)
* Leather work shoes

The minimum requirement is that qualified persons
within 2.23 feet of exposed energlzed parts shall wear
an untreated cotion T-shirt, 5cal/cm? long-sleeve shirtt,
5calfcm? long pants, hard hat, safely glasses, Scal/lem?
arc-rated face shield, hearing protection, Class 00
insulating gloves and leather protectors. Substitutions
are allowed In accordance with NFFA 70E (see lable
notes in Example 1). 1000V rated insulated tools are
also required. Unqualified persons shall not enter the
flash protection boundary.

Test 3: KRP-C-601SP LOW-PEAK® Fuses
Protecting a Feeder

The feeder overcurrent protective device from Test 3
was a KRP-C-801SP current-limiting fuse {Class L).
For 22,600A available bolted fault current, the KRP-C-
601SP will let-through 11,000A (to learn how to deter-
mine let-through, current consult The

O s e M AL A

SPD - Electrical Protection Handbook available at
www.bussmann.com). The KRP-C-601SP cleared the
fault in4 cycle (0.008 seconds). The flash protection
boundary is:

D, = {2.65 x MVAy; x ]2 {ft)

D, = [2.65x1.732 x 480 x 11,000 x 10 x 0.008]" (ft)
D, = (0.19)" (it}

0.44 t flash protection boundary

\w
o
il

it Is recommended to use a minimum flash protec-
tion boundary of 0.5 feet (6 inches).

Next calculate the incident energy at 18 inches:

Eys = 1038.7Dg 147, [0.0093F2 -0.3453F +
5.9675] (calfcm?)
Eys = 1038.7(18)47(,008) [0.0093(16)2

-0.3453(16) + 5.9675] {cal/lem?)
Eus = 0.33 callem? Incident Energy at 18 inches

Note: Even though the let-through current is only

11kA, 16KA is entered because it is the mini-
" mum applicable fault current for the equation.

The calculated Incident energy is below the second-
degree burn threshold of 1.2calfem? This Is a
Category 0 hazard level in 70E-Table 130.7(C)(11).
70E-Table 130.7(C)(10) Protective Clothing and
Personal Protective Equipment (PPE) Matrix requires
the following equipment for Category 0:

Non-melting {(according to ASTM F 1506-00) or
Untreated Natural Fiber

+ Shirt (long-sleeve)
* Pants (long)
FR Protective Equipment
» Safely glasses
The minimum reqguirement is that qualified persons

within 0.44 feet of exposed energized parts shall wear
an untreated cotton long-sleeve shirt and long pants,

-and safety glasses. Class 00 insulating gloves and

leather protectors, and 1000V rated insulated tools
may also be required to protect the worker from a
potential shock hazard. It Is recommended to use 6
inches as a minimum flash protection boundary. The
use of Class 00 insulating gloves and leather protec-
tors while working on or near energized parts is rec-
ommended as the best way to protect the workers
hands from arcing events.

This example illustrates the tremendous Impact the
lype of overcurrent protective device can have on the
hazard level for a given circuit. By limiting the magni-
tude of the available fault current and clearing the fault
within4 cycle, the LOW-PEAK® KRP-C-801SP current-
limiting fuse (Class L) was able to significantly reduce
the level of energy in this case.
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Example 3 Using Method 3:

Determine FPB and Incident Energy - IEEE 1584: Use
Method 3 to determine the fiash proiection boundary
and Incldent energy on the following 480V circuit:

800A Feeder Overcurient
Protective Device

30,000A Bolted Short-Clreuit
Current Avallable

1 600V 3@ Main
) Lug Distribution
[ W 4 ......... l -! Panelboard

The available bolted fault current is 30,000A at the
main lugs of the distribution panelboard, Calcutate the
flash protection boundary and incident energy for a
LOW-PEAK® KRP-C-8005P current-limiting fuse
(Class L) feeding the distribution panelboard, and also
for an B0O0A low voltage power circuit breaker with
shori-time delay feeding the panelboard.

Use Arc-flash Incident Energy Calculator in Annex G
(an excerpt from the table follows). Find the amps rat-
ing and type of overcurrent protective device in the
header of the table. Select the available bolted fault
current from the left column,

Excerpts From Arc-flash Incident Energy Calculator (Full table Is fotnd In Annex G)

Arc-fiash Incident Energy Calculator

Fuses: Ceoper Bussmann LOW-PEAK® KRP-C_SP (601-20004), Circull Breakers: Low Vaoltage Pewer Cirgult Breakers (w/STD)

Incident Energy (1.E.) values are expressed in calfcm?, Flash Protection Boundary {FPB) values are expressed in inches.

Bolted Fault 01-800A" 801-1200A 1201-1600A 1601-2000A
Current (kA) fuse LvPCB Fuse LVPCB Fuse LVPCB
lE. FPB | [E. FPB | LE. FPB | LE. FPB | LE. FPB| LE. FPB

www hissmann.eom
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KRP-C-800SP Fuse

Incident Energy = 1.1callom?
Flash Protection Boundary = 1ft 5in

800A LVPCB w/STD
Incldent Energy = 58.01callcrn?t
Flash Protection Boundary >10 ft!

tif the circuit breaker has not been maintained prop-
erly, the incident energy and flash protection may be
much greater

For the KRP-C-800SP Fuse:

The calculated incident energy is below the second-
degree burn threshold of 1.2cal/cm? This is a
Category 0 hazard leve! in 70E-Table 130.7(C)(11}.
70E-Table 130.7(C){10) Protective Clothing and
Personal Protective Equipment (PPE) Matrix requires
the following equipment for Category 0:

Non-melting {according to ASTM F 1506-00) or
Untreated Natural Fiber

+ Shirt (long-sleeve)
* Pants {long)

FR Protective Equipment
* Safety glasses

The minimum requirement is that qualified persons
within 1 foot 5 inches of exposed energized parts shall
wear an untreated cotton long-sleeve shirt and long
pants, and safety glasses. Class 00 insulating gloves
and leather protectors, and 1000V insulated tools may
also be required to proiect the worker from a potential
shock hazard, It Is recommended to use Class 00
insulating gloves and leather protectors while working
on or near energized parts as the hest way to protect
the workers hands from arcing events.

For the 800 A LVPCB w/STD:

While PPE manufacturers make flash suits with arc
ratings up to 100cal/cm?, NFPA 70E does not have a
Hazard Risk Category for incldent energies above
40cal/cm2. Working on energized circuits with energy
levels In excess of 40cal/cm? should be avolded by all
means necessary. If energized work must be per-
formed on these circuits, steps should be taken to
reduce the hazard before the work is to be performed.
For more information about designing safer syslems,
or upgrading existing systems see Section X,

Arcing fault currents in the long time
characteristic of overcurrent protective devices

In many electrical fault analysis studies the focus is
only on the circuits with the highest or worst case
short-circuit currents. However, in flash hazard analy-
sis, it is important to also investigate circuits where the
arcing fault current may be a value that is less than a
circult breaker's instantaneous trip setting (resulting in
an opsning time of up fo several seconds) or may be

a value that takes a fuse several seconds to open, On
lower-amps-rated circuits, this is not typically a prob-
lem for several reasons, However, on larger-amps-
rated circuits (over 1200A) this can become more of
an issue. For some higher amps rating overcurrent
protective devices, the incident energy and flash pro-
tection boundaries are extremely large for some lower
fault currents. Workers also must consider examining
the flash protection boundary and incident energy for
circuits with low levels of arcing current. Some lower-
level arcing faults are not able to sustain themselves;
however, there is not much recent research in this
area. In those cases where a low-level arcing fault is
sustained, extended clearing times can produce
extremely high incident energy levels.

" Other considerations

Consideration should also be given for how long a
worker could be exposed to an arc, based upon the
tocation of the worker.

IEEE 1584 Annex B

If the tlme is longer than two seconds, consider how fong
a person Is likely to remain in the location of the arc-flash.
It is likely that a person exposed lo an arc-flash wilf move
away quickly if it fs physically possible, and two seconds Is
a reasonable maximum time for calculalions. A personin a
bucket truck, or a person who has crawled info equipment
will need more time lo move away.

For example, Is the worker standing in front of the
switchboard with plenty of clearancs, or is he/she
kneeling or lying down in front of the gear? is the
worker on the-ground or up in a bucket working on a
bus duct? Can the worker easily escape the room or
could he or she become trapped In the vauit?

NFPA 70E and |IEEE 1584 have developed some good
tools for assessing the arc-flash hazard and the efforts
in this area continue. However, the industry does not
presently have tools to assess the arc-blast hazard..
Generally, as the risk of the arc-flash energy increases,
the risk of the arc-blast energy increases too.

Even though electrical equipment may have a main
overcurrent device and disconnecting means, if it is
possible to create a fault on the line side of the main,
the opening time and let-through characteristics of the
overcurrent protective device which feeds the main
device should be consldered. For example an indus-
trial machine that has a main fusible disconnect switch
or circuit breaker fed by a bus plug. When the
machine doors are open, it is possible to initiate a fault
on the line terminals of the fused swiilch or circuit
breaker, therefore the device in the bus plug must be
considered for the flash hazard analysis,




in test labs, arcing fauit current magnitudes can vary
widely from test to test, even under the same test cir-
cumstances. The industry has learned a great deal in
the past decads, but there Is still a great deal more to
be learned. The methods that have been developed
from actual testing can be used with a degree of confi-
dence. However, the aciual arcing fault currents can
vary based on many variables. This can affect the
speed of response of the overcurrent proteclive device
supplying the clrcuit, Some overcurrent protective
devices may not operate as intended or specified if
periodic maintenance has not been performed. The
more cne knows about arcing faults, the more one
understands thai the best strategy in electrical safety
is avoldance. Strive to only work on or near exposed
conductors that have been placed in an electrically
safe work condition.

F. Personal protective equipment (PPE)

OSHA and NFFA 70E recognize that, on occasion,
electrical work must be performed while the equip-
ment or circuit is energized, Effective procedures,
PPE, and personnel lraining are key elements for exe-
cuting live work without injury. These issues must be
considered when designing electrical systems,

NFPA 70F requires that any body part within the flash
protection boundary area be protected, using appro-
priate PPE. The OSHA standards for various types of
PPE are provided in Annex C, Table XIV(B). NFFA
70E Ildentifies PPE that should be worn In 70E-130.7.

70E-Tables 130.7(C){(10) and 130.7(C)(11) are used
together to properly select the PPE required for work-
ing on or near energized parts.-7OE-Table
130,7(C)(10) lists the specific PPE items that are-
required for a given Hazard Risk Category. 70E-Table
130.7(C){11) {that follows) identifies the required mini-
mum arc rating of the PPE required in each Hazard
Risk Category.

NFPA 70E, Table 130.7(C){(11) Protective Clothing
Characteristics
Typlcal Protectlve Clothing Systems

Hazard | Clothing Description (Typical | Required Minimum
Risk | number of clothing layers Arc Rating of PPE
Category | Is glven in-parentheses) Joules/em? (cal/icm?)

¢ Non-melting, flammable
materials {i.e., untreated cotfon,
wool, rayon, or slik, or blends N7A
of these matertals) with a fabric
weight at least 4.50z/yd? (1)

1 FR shirt and FR pants or FR
coverall (1)

2 Cotton underwear -

" I conventional short sleeve

and brlei/shorts, pfus FR shirt
and FR pants (1 or 2)

3 Cotton underwear plus FR
shirt and FR pants plus FR
coverall, or cotton underwear
plus twe FR coveralls (2 or 3)

4 | Cotton underwear plus FR
shirt and FR pants plus multl-
layer flash sult (3, or more)

16.74 (4)

33.47 (8)

104.6 (25)

167.36 (40)

. Note: Arc Raling is defined in Article 100 and can be either
ATPV or EBT, ATPV Is defined In ASTM F 1859-99 as
the incident energy on a fabric or material that resufts
in sulficlent heat transfer through the fabric or mate-
rial to cause the onse! of a sacond-degrea burn
based on the Stoll curve, EBT Is definad in ASTM F
1959-93 as the average of the five highest Incident
energy exposure values below the Stoll ctirve where
the specimens do not exhibit breakopen. EBT Is
reported when ATPV cannot be measured due to FR
fabric breakopen.

The following table shows some typical arlicles of
clothing and PPE required for each Hazard Risk
Category. This is 1o illustrate the type of equipment
that may be required to work on energized circuits. It
is not intended 1o bs used to select PPE. NFPA 70E
should be consulted for specific information on select-
ing appropriate PPE. Layering of FR clothing and
protective equipment may provide a higher level of
arc-flash protection. NFFA 70E has more Information
on layering of protective clothing and substitutions
permitted by layering. Although not required or men-
tioned in any standards, one might consider wearing
a more protective arc rated face shield rather than
just safely glasses even for all 0 and 1 hazard risk cat-
egory tasks. Facial disfigurations are among those
injurles that are extremely difficult to overcome from

a soclal prospective,
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Typical Protective Clothing and PPE
[Information compiled from Tables 70E-130.7{C)(10) and 70E-130, 7(C)(11)]

Category Minimum Non -meling or
~ Arc Untreated
Rating Natural Fiber FR Clothing FR Equipment
{calfcm?) Clothing (Note 1) (Note 1)
0 N/A Long-sieeve shirt Salety glasses
Long pants
1 4 T-shirt Long-sieeve shirt Hard hat
Long panis Long panis Safety glasses
2 8 T-shirt Long-stesve shirt Hard hat
Long pants Long pants Safety glasses or goggles
Arc-rated face shieldtt
Hearing protection
{eather gloves
Leathar work shoes
3 25 T-shirt Long-sieave shirt Hard hat-
Long pants Long pants Safety glasses or goggles
Fash suit hood
Hearing protection
Leather gloves
{eather work shoes
4 40 T-shirt Long-sleeve shirt Flash sult facket (multi-fayer)
Long pants Long pants Flash sult panis
Hard hat
Safely glasses or goggles
Flash suit hood
Hearing protection
Leather gloves
Leather work shoes -

— - ——t=Acategory 2* requires-a-ilash-suit-hood instead-of -an-arc-rated face shield:

Note 1: Substitutions may be allowable per 70E-Table 130.7(C)(10). For more information consult

NFPA 70E.

Any body part extended within the appropriate risk
boundary must be protected from the hazard(s) exist-
ing within that boundary. If a hand s within the flash
protection boundary, then the hand must be protected
by PPE. If a person's head is within the fiash protec-
tion boundary, the head must be protected. Unless the
electrical equipment is placed into an electrically safe
work condition, locked out, tagged, and tested for volt-
age according to proper procedures, the system must
be considered energized, requiring that appropriate
PPE be used,

NFPA 70E also makes it clear [70E-130.6(D) and 70E-
130.6(E)] that conductive materials, tools and equip-
ment that are in contact with any part of an
employee’'s body be handled in a manner that pre-
vents accidental contact with exposed energized con-
ductors or circuit parts. This includes atticles of
jewelry such as rings, conductive watchbands and
metal frame glasses. In most instances, wearing
flame-resistant clothing continuously is an effective
safety measure for personnel who are frequently
exposed or potentially exposed to arc-flash.

" | specific parts of the body lo be protected and for the

OSHA 1910.335 (a)(1){})
Employees working in areas whera there are potential

electrical hazards shall be protecled with, and shall uss,
electrical protective equipment that Is appropriale for the

work {o be performed.

Proper care and use of PPE is an important part of
any electrical safety program. PPE should be
inspected before every usage. PFPE should be main-
tained in accordance with manufacturer's recommen-
dations and the requirements contained in the Tables
XIV(C)(1) and XIV(C)(2} in Annex C. Improper care of
PPE can cause the equipment to lose its protective
propetrties. For example, rubber goods can lose soma
of their insulating properties if not properly stored and
protected from corroslve matertals. Rubber goods may
require periodic dielectric {esting 1o verify the insulat-
ing capabillities, FR clothing may require special care
during faundering and may need to be replaced if torn
or if fabric becomes worn after prolonged usage.




G. LockoutiTagout

OSHA 1910.147-Procedure for applying
the L.ock/Tag

The Lockout/Tagout Standard has been in effect since
1989, It was created to help reduce the death and
injury rate caused by the unexpected energization or
start-up of machines or the release of stored energy.
Normal production operations, cords and plugs under
exclusive control, and hot tap operations are not cov-
ered. This standard applies o eneargy sources such as
electrical, mechanical, hydraulic, chemical, nucleatr,
and thermal.

Lockout s the placement of a key or combination lock
on an energy Isolation device (disconnect switch, cir-
cuit breaker, etc.) to ensure that the energy-isolating
device and equipment being controlled cannot be
operated uniil the lockout device is removed. Lockout
devices hold an energy-isolating device in a safe
position and prevent the energization of a machine

or equipment. The lockout device must be substantial
enough to prevent removal without use of excessive
force or unusual techniques.

if the lockout/tagout includes working on or near
exposed de-energized electrical parts (not yet in
an electrically safe work condition) then OSHA
1910.333(b)(2) Note 2 shall also apply:

OSHA 1910.333(b)(2) Note 2

Lockout and tagging procedures that comply with para-
graphs (c) through () of 1910.147 will also be deemed to
comply with paragraph (b)(2) of this section provided
that:

(1) The procedures address the electrical safety hazards
covered by this Subparl; and

(2) The procedures also Incorporate the requirements of
paragraphs (b)(2)(li)(D) and (b)(2)(iv)(B) of this section.

1910.333(b)(2)(iii){D) requires If a tag Is used without
a lock, then the tag shall be supplemented with at
least one additional safety measure that provides a
level of safety equivalent to a lock.

1910.333(b)(2)(iv}{B) requires the festing for the
absence of voltage on any equipment in which
electrical circuit parts may be exposed to workers.

Tagout is the placement of a tag or other prominent
warning device and a means of attachment on an
energy-isolating device to indicate that the energy-
isolating device and the equipment being controlled
may not be operated until the tagout device is
removed. Tagout devices shall be non-reusable,

attached by hand, self-locking, and non-releasing, with

a minimum uniocking strength of no less than
50 pounds. They at least must be equivalent to an
all-environment tolerant nylon cable tie.

Lockout devices must be used unless the empiéyer
can demonstrate that the use of a tagout system can
provide full employee protection,

Applying the LockiTag

Step 1 — Understand the Hazards before the
Shutdown: Before an authorized or affected
employee turns off machinery or equipment, he or she
should have knowledge of the type and magnitude of
energy, ihe hazards of the energy to be controlled,
and the method or means to control the energy. it
might be helpful to have floor drawings, single-line dia-
grams, and the assistance of the facility electrician
and employees who work with the equipment.

Step 2 — Power Down: The machine or equipment
shall be turned off or shut down in an orderly manner,
using established procedures,

Step 3 — Isolate the Power Source: All energy-iso-
lating devices that are needed 1o control the energy to
the machine or equipment shall be physically located
and operated In such a manner as to isolate the
machine or equipment from the energy source(s).
This might involve such tasks as flipping a power
switch, breaking a circuit, and clesing a valve. If tha
equipment has more than one shutdown point, the
worker must be sure that all are isolated from power.

Step 4 — Apply the Lock and/or Tag: Lockout or
tagout devices shall be affixed to each energy-isolat-
ing device by authorized personnel. Lockout devices,
where used, shall be affixed in a manner that holds
the energy-isolating devices In a “safe” or “off” posi-
tion. Tagout devices, where used, shall be affixed in a
way that clearly indicates that operation or movement
of energy isolating devices from the “safe” or “off”
position Is prohibited.

Additional requirements for electrical
lockout/tagout (OSHA 1910.333(b)(2) Note 2);

Step 4A- If there are exposed electrical parts and
only tagout is used, then another addi-
tional measure shall be used that provides
a level of safely equivalent te a lock.

Step 4B- If there are exposed electrical paris, then
using the appropriate PPE and other
safety measures, a worker must verify
the absence of voltage.
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Step 5 — Release Residual Energy: Following the
application of lockoutftagout devices, all potentially
hazardous stored or residual energy shall be relieved,
disconnected, restrained, and otheiwise rendered
safe. if a possibility of reaccumulation of stored energy
to a hazardous level exists, verification of isofation
shall be continued until the servicing or maintenance
is completed, or until the possibility of such accumula-
tion no fonger exists,

Step 6 — Try to Power Up: Before starting work on
machines or equipment that have been locked out or
tagged out, authorized personnel shali verify that iso-
lation and de-energization of the machine or equip-
ment has been accomplished. This requires personnel
to turn all controls of the equipment or machinery in
the “on” position to ensure that all energy sources
have been isolated and that the equipment does not
start up while work is being performed on it. Before
trying to power up, the worker must be sure that no
‘one is near the equipment or machinery in case the
equipment continues to have power. Lastly, the
employee should verify that the isolation point cannot
be moved to the “on” position, The employee then can
- continue servicing or maintaining the equipment,

Removing the locklitag

Step 1 — Inspect the Machine and/or Equipment:
The work area shall be inspected to ensure that all
nonessential items (e.g., tools, spare parts, debtis)
have been removed, and that machine or equipment
components are operationally intact.

Step 2 — Notify Personnel: All personnel In the
viclnity shall be notified before removal of the lockout
_and start up. The person in charge of the
lockout/tagout shall ensure that no one s In the way of
possible danger upon slart up.

Step 3 — Remove the Lockout/Tagout Device:
Each lockout/tagout device should be removed by the
person who placed it. When more than one person
has applied a lock, the last person to remove his or
her lock should remove the hasp or other multiple fock
device. When all locks have been removed and the
machine/equipment is determined to be operating
safely, other personnel may be notified that the equip-
ment is now operational.

H. Stored energy systems

Simply because the electrical circuit has been opened
might not mean the system is safe to work on. The fol-
fowing cautions should be understood:

* Capacitors can store hazardous energy even after
the equipment has been de-energized and can
build up a dangerous residual charge without an
external source.

« Capacitors also can be used to store large

amounts of energy. An internal failure of one
capacitor in a bank frequently results in an explo-
sion when all other capacitors in the bank dis-
charge into the fauil,

¢« High-voltage cables should be treated as capaci-
tors because they have capacitance and thus can
store energy.

L. IP2X (finger-safe) ratings

NFPA 70E requires that a guard be used to prevent
access to voltages above 50V. Guarding and the
instaltation of insulating barrlers must be complete
if work is to be performed while the equipment is
energized.

Note: The placement of barriers might effectively pro-
tect personnel from shock hazards but might
not protect personnel from arc-flash hazards.
Therefore, placement of barriers might reduce
the chance for electrical shock but does not
always eliminale the requirements of flash pro-
tection If the task involves work inside the flash
hazard boundary.

Guarding, however, also might prevent accldental con-
tact by tools and other conductive materials that could
cause an arc-flash. A practical approach to providing
these guards would be to adopt standards that
address this issue. IEC 60204-1 s entitled “Electrical
Equipment Used in Industrial Machines.” Section 6 of
the standard refers to the requirements for protecting
people against electrical shock. In general, electrical
equipment must provide protection against people
coming into direct or indirect contact with energized
electrical parts within an enclosure.

When a person is working in an enclosure with enet-
gized components, the standard requires the worker
to be protected against contact to at least iP1X (the

letter “X” here is used in place of the second number

~to indicate that tests for ingress of liquid Is neither

required nor applicable). The worker must be pro-

. tected from direct contact with live parts that could be

touched easily while resetting, adjusting, or replacing
nearby components to at least an IP2X rafing.
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Figure 1X{l). IP Environmental Ratings for
Enclosures (IEC 529)

Note: The terminology used for this program includes
the term finger-safe for any product with an IP2X
deslgnation. IP20 rated products represent
products with no protectfon against liquids.

1P2X Is often referred to as “finger-safe,’ meaning that
a probe the approximate size of a finger must not be
able to access or make contact with hazardous ener-
gized parts. The standard detailing the rating system
used is 1EC 529, Principally, this standard defines
the degree of protection provided by an enclosure
(barriers/guards) classified under the International
Protection {IP) Code and the testing conditions
required to meet these classifications.

J. Grounding and Ground Fault Circuit
Interrupters (GFCI}

A key element of a safe Installation is effective
grounding. The term ground has many different
meanings, but all are related to a connection with
the earih. Ground is used to refer to a return path
used for a fault to enable the proper operation of
an overcurrent device.

Safety Grounding Equipment

Minimizing any voltage difference between adjacent
or nearby conductive points is important. To avoid a
voltage difference (shock), a low impedance path

is required between the two (or more) conductive
surfaces. Should a person be in contact with both
surfaces when a fault occurs, no significant voltage
is impressed across the person's bedy, eliminating
possible current flow,

The discussion of safety is not complete without an
analysis of equipment grounding conductors (EGC).
Table 250.122 of the 2002 NEC provides minimum
sizing for EGCs. As noted below the table, EGCs
should be sized larger, {0 "be capable of safely
carrying the maximum fault likely to be imposed

on it" [NEC 250.4{A)(5)].

For the fuse to open or the circuit breaker to operate
properly, a low impedance EGC must be available for fault
current fo return to its source, Otherwise, any equipment
experiencing a fault becomes energized at the system
voltage, presenting a shock hazard for the employee.
Providing protection for the equipment grounding conduc-
tor, therefore, is a safely issue. Using a current-limiting
overcurrent device is the best way to reduce the energy
that could be seen by the grounding conductor.
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3
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Violates NEC 110.10 and 250.4(A)(5) or 250.4(B)(4).
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g
'_'J Load

Cohtorsiiato 180,10, Tubte 250122,
1 2L0A{ANS) or 250A(ENA) <2 ¢

Complies with NEC and 250.4(A)(5) or 250.4(B)(4).
110.10 and 250.4(A)(5).

Must increase EGC to a 2 AWG copper to remain
tight under the lug after the fault occurs.

The problem of protecting EGCs was first recognized
more than 30 years ago when Eustace Soares wrote
a popular grounding book Grounding Electrical
Distribution Systems for Safely. In his book, Soares
states that the “validity rating” corresponds to the
amount of current and time required to causs a
copper conductor to become loose under a lug after
the conductor has had a chancs to cool down after
a fault, This validity rating is based upon ralsing the
copper temperature to 250°C {the annealing point of
copper) and then reducing the temperature back to
normal running temperatures,
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tlon of the adequacy of the important ground-return
path. Let-through cuirents for overcurrent protective
devices must be compared with the short-circuit ratings
of the equipment grounding conductors. Wherever let-
through values exceed the minimum equipment ground-
ing conductor withstand ratings, the equipment
grounding conductor size must be increased until the
withstand ratings are not exceeded.

Ground fault cireuit interrupters (GFCls)

GFCls are designed to protect a person from slectric
shock when he or she simuitaneously contacts a “live”
(usually 120V} wire or part and a grounded object,
The GFCI works by sensing a difference between the
supply and return currents. When the difference
exceeds 4 - 6 mA, indicating that current is flowing to
ground (through the person), the device is designed to
open the circuit.

GFCls do not protect against a Hine-to-neutral or a
line-to-line shock. Aithough the GFCI Is an effective
safety device, it Is not a guarantee against shock in
every situation, In addition, if GFCl-protected equip-
ment contains transformers, a ground fault {(shock)
on the secondary side of the fransformer might not
trip the GFCI.

GFCIs normally are installed as either circuit breakers
or receptacles. In either case, the GFC| might be
wired to protect multiple receptacles. Individual GFCI
plug-in adapters are also available,

K. Voltage testing 1,000V and less

Three basic safety issues are assoclated with the task of
testing for voitage in instances where the maximum volt-
age level is 1,000V and less. The first Issue Involves
selecting and using the right meter for the job at hand.
The second issue is protecting the person from poieniial
exposure to an energized source, and the third Issue Is
the work process of executing the test.

On cccasion, vollage-testing devices can be the
sourcs of an incident or Injury, as in the following
instances:

* Leads can fall out of their plugs and initiate a
phase-to-phase short circuit. .

* Internal components can fall, resulting in a phase-
to-phase short circuit,

* Probes can slip while a reading Is being observed,

+ Leads can be inserted into the wrong plugs, result-
ing In failure.

* The device indication can be confusing, resulting
in Incorrect observations.

» Hands can slip off the probe.

The selected voltage-testing device must minimize all
of these possibilities.

When a voltage test is performed, the person should
perform the work practice as if the energy source is
present (i.e., the source is energized). Even if the
discennecting means has been opened and locked-
outftaggedout, until the absence of voltage has been
satisfactorily verified, an electrically safe work condi-
tion does not exist. The person perferming the test
should be protected from any accidental release of
energy until the absence of voliage has been satisfac-
torily verified,

Selecting a Voltage-Testing Device

Voltage testers should be selected based upon the
intended use, Several types of voliage testers are
manufactured for specilic uses, and each device has
limitations. When used o tesi for the absence or
presence of voltage as a part of establishing an
electrically safe work condition, voitage testers
should have the following characteristics where
direct contact can be made:

» Retractable, insulated-tip test probes .

» Self-contained fault protection or limitation devices,
such as internal current-limiting fuses or probe
current-limiting resistors

» Voltage/current path from the probes that is not
routed through the mode switch

In addition, voitage testers should conform to
national consensus standards, such as UL 1244,
MiL-T-28800C.

Along with the above requirements, voltage testers
that are used only to test for the absence or presence
of voltage should have the following characteristics:

* Single-function, voltage-only test devices or aulo-
matic mode devices that check for voltage before
switching to other modes {e.g., resistance, continuity)

« Test leads that cannot be improperly connected
(e.g., only two jacks are present or leads are per-
manently connected)

NOTE: High-impedance voltage lesters are subject fo
“phantom” readings from induced voltage.
Verification of the absence of voltage should
be required with a low-impedance vollage
tester, such as a solenoid-lype vollage lester.
However, sofenoid testers can have an
adverse effect on digital control systems
(DCS), programmable logfc controllers (PLC),
or similar equipment.
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NOTE: Solenoid-type voltage testers typically are
assigned a “duly cycle” by the manufacturer.
In most instances, this duty cycle Is 15 seconds.
The duly eycle rating must not be exceeded.

Personal Protective Equipment (PPE)

Before opening doors or removing covers for access
to slectrical conductors, a person should conduct a
hazard analysis. The hazard analysis should be as for-
mal and detailed as warranted by the task io be per-
formed. Any PPE necessary to avoid injury should be
in place and worn before any existing enclosure is
abridged (i.e., any cover removed or any door
opened). The hazard analysis must consider both
shock and arc-flash.

NOTE: Many arc-flash incidents occur at the moment
a door Is opened or a covsr removed, The
person performing the test should be aware of
this fact and exhibit an appropriate mind set,
The mind set should consider that all electri-
cal conductors and contact points within the
enclosure are energized,

In determining appropriate PPE, the hazard analysis
must consider the flash protection boundary as well
as the shock approach boundaties, paying particutar
attention to the prohibited and restricted boundaries.
Where the task involves measuring a voltage, the
probes, of course, cross the prohibited boundary.
Therefore, the person must be protected from unin-
tended contact with conductlve parts. Voltage-testing
devices that meet the above criteria include a preven-
tive method 1o minimize the possibility of a person’s
hand or fingers slipping down the probes, Therofore,
electrical insulation Is not necessarily required.
However, if hands (or other body parts) are inside
the enclosure while the person is executing the task,
some exposure to shock exists through unintentional
contact with energized or potentially energized parts.
Voltage-rated gloves should be worn. They do not
hinder the task and can aveid unintentional contact
with electrical conductors or contacts.

In every Instance where an electrical circuit is present,
a flash protection boundary exists. Depending upon
the flash protection boundary, flash-protective equip-
ment should be worn, Any body part that Is within the
flash protection boundary must be protected from arc-
flash. If the flash protection boundary is 2 inches or
less, leather gloves and ordinary safety glasses for the
eyes provide sufficlent protection. As the flash
protection boundary extends beyond 2 inches, flame-
resistant clothing and face protection should be worn.
Leather gloves that are one component of voltage-
rated gloves provide arc-flash protection for hands.
Therefore, appropriate voltage-rated gloves should be
worn. Voltage-rated gloves selected in accordance
with ASTM D 120 provide protection from both shock
and arc-flash, in most instances.

NOTE: Class 00 gloves have a voltage limit of 500V

and are adequate In many instances for
measliring voltage.

Executing the Task

The person testing for voltage should be trained to

understand how the meter works and what each pos-
sible meter indication means. After the person selacts
the appropriate voltmeter, reacts to the hazard analy-

sis,

and understands how to interpret any meter indi-

cation, he or she should execute the following
sequence of steps:

i.
2.
3.

Open the disconnecting means.
Open the door or remove the cover(s})

Inspect the compartment interior for missing barri-
ers, signs of arcing or burning, and any exirane-
ous parts or components.

. Inspect the volimeter and probes for signs of mis-

treatment; verify that the probe covers move
fresly.

. Insert one probe Into the holder on the meter;

place the meter in a stable position or ask a sec-
ond person to hold the meter, if necessary, to see
the indication. (Any second person must wear the
same PPE as the first person.)

. Verify that the voltmeter functions satisfactorily on

a known energized vollage source.

NOTE: /f the meter s auto ranging, a nearby 110V

7,

8.

receptacle is safisfactory. If not auto ranging,
the known source must be within the same
voitage range.
Place the probe that is In the meter holder into
good physical contact with a grounded point within
the compartment. '
Place the second probe into good physical contact
with the opened side of the disconnecting means
and before (ahead of) any fuses or any other cir-
cuit element.

NOTE: Normally, in the case of a disconnect swiich,

9.
10.
11,

the movable side of the knife blades is avail-
able to conlact with the probe, In case of a
circuit breaker, the load conductor termination
should be contacted.
Read and interpret the meter indication.
Repeat steps 7 and 8 for phases B and C,
Place the probe that is in the meter holder into
good physical contact with phase A on the
opened side of the disconnecting means and
before (ahead of) any fuses or other circuit ele-
ments. :
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NOTE: Normally, in the case.of a disconnect swilch,
the movable side of the knife blades is avall-
able to contact with the probe. In case of a cir-
cuit breaker, the load conductor termination
should be contacted.

12. Place the probe In the meter holder into good
physical contact with phase B in the same relative
physical location, :

13. Repeat steps 11 and 12, except contact phases B
and C.

14, Repeat steps 11 and 12, except contact phases A
and C.

NOTE: Tests for absence of voltage should be con-
ducted at each point within the enclosure. If
the compartment confains fuses, a voltage test
should be conducted at both the fine and load

" sides of each fuse, both between phases and
belween each phase conductor and ground.
Each test should be taken at the fuse clip
instead of at the fuse ferrule (endbell).

15, Measure voltage between each point within the
enclosure where contact is expected.

16. Verify that the voltmeter functions satlsfactorily on
a known energized voltage source.

NOTE: If the meter is auto ranging, a nearby 110V
receptacle Is satisfactory. If the meter is not
auto ranging, the known energized source
must be within the same voltage range.

X. Suggestions for Limiting
Arc-Flash and Shock Hazards

There are many considerations creating an electrically
safe workplace for employees. Electrical safety starts
with the design of the electrical system. The selection
and layout of the system components/equipment can
have considerable impact on the probability of an inci-
dent and on the severity of hazard if an incldent does
ocour. For existing electrical systems, it may be possi-
ble to improve electrical safety conditions for workers
by upgrading components and aiso by following
proper equipment maintenance procedures. Also,
there are safe work practices in which the workers
must be trained and qualified to perform. This includes
understanding the electrical hazards, the types of PPE
and work procedures that are necessary.

The following start with some work practice and main-
tenance suggestions and then moves to electrical sys-
tem design and upgrade suggestions.

A. Avoidance is the surest electrical
safefy measure.

If workers do not “work on or near” exposed energized
components, worker safety is snhanced. Management
and workers should insist on putting equipment into
an electrically safe work condition prior to com-
mencing electrical work. Per OSHA 1910.333(a)(1)
and NFPA 70E 130.1, workers shall not work on or
near exposed live parts except for two demensirable
reasons:

A. De-energizing introduces additional or increased
hazards (such as cutting ventitation to a hazardous
location) or

B. Infeasible due to equipment design or operational
limitations (such as when performing diagnostics
and testing for startup or troubleshooting and
this work can only be done when circuits are
energized).

B. Avoidance: implement energized
electrical work permit procedures
requiring signature by management.

NEPA 70E 110.8(8)(2) & 130.1(A)(1)

If live parts are not placed in an electrically safe work
condition (i.e., for the reasons of increased or additfonal
hazards or infeasibility per 130.1) work to be performed
shall ba considered energlzed electrical work and shall
be performad by writlen permit only.

NFPA 70F 130.1(A)(3) Exemptions to Work Permit

Work performed on or near live parts by qualified per-
sons relaled to tasks such as tesling, troubleshooting,
vollage measuring, elc., shall ba permiited to be per-
formed withoul an energized electrical work permil
provided appioprlate safe work practices and personal
proteciive equipment In accordance with Chapler 1 are
provided and used.

© 70E-130(A)(2) provides the elements of energized

electrical work permits that include a work description,
justification of why the work must be done energized,
a shock hazard analysis, a flash hazard analysis, the
PPE required and more. One of the most important
aspects is signature approval by an authorlzed per-
soh, which typically should be an owner or an execu-
tive, Experience by companies that effectively use
energized electrical work permits is that most work
gets performed under electrically safe work cenditions.
That is, the energized elactrical work permits rarely
get approved. Usually in the process of getting the
electrical work permit approved, management finds a
means io do the work under electrically safe work
conditions. NFPA 70E has an example energized work
permit form in Annex J.




