Managing Arc Flash
In Your Facility

Six questions ;ﬂ:a it
managers must

be able to answer
about arc flash
protection
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5 a plant manager you have a tough job — balancing workforce
productivity, determining cost of materials, staying on top of union
rules (when applicable), and running the plant ar a profic. On top
of all of this, you're also respomsible for compliance with OSHA
regulations (see Arc Flash Rules and Regulations on page 79) that
apply to the fadility and providing a safe work environment for
your employees. Electrical workplsce safety is one of these areas, and an important
part of workplace safety is dealing with arc flash risks.

According to the Mational Safety Councl, the maost commion canse of arc flash
accidents is human error, induding distraction, dropping a tool or wsmg an oninse-
lated tool, and the accumulation of dust in 2 work area. The most common injuries
from arc flash incidents are seoond- and dhind-degres bumns. Althouph plant workers
may be tempted to treat low-voltage equipment as less risky than its high-voliage
counterpart, more accidents ocour with 480V equipment than with higher voltage
equipment. In fact, about 80% of electrical worker fatalitics are ot due o shack




but 1o burns, such as those produced by
an arc flash event.

As a plant manager, you cannol be
expected to assess the are Mash risk levels
in the electrical equipment work areas
in your plant. However, you should be
aware of the factors involved i the risk
assrsament process as well as understand
what your engineers or consublants are
talking about. Here are six key ques-
tions you must be able to answer if you
truly want to effectively manage electrical
workplace safety in the plant.

1) What level of arc flash risks
exists in my plant? NFPA 7OE identi-
fiex six risk or hazard levels — 0,1, 2, 3,
4, and dangerous. Personnel protective
equipment { PPE) i available for workers
completing tasks in arcas classified as lev-
els 0 through 4, which will protect them
in an arc flash incident, This doesn't
mean the worker will mot be mjured,
however. It oaly suggests the injuries
will be substantially less severe than if
the worker wasn't wearing any PPE.
Therefore, don't expect PPE to protect
workers from all injuries.

A description of the details of the
PPE required for risk levels 0 through 4
15 listed in WFPA 7UE Table 130,710 16)
At risk or haceard leve] “dangerous,” there
iscurrenthy no FPE available i minimize
worker injuries. Equipment dassified as
dangerous must not be worked on while
cnergized.

NEPA T0E Table 130.7(C){15){a) pro-
vides risk levels and the associated PPE
fior various pieces of energized electrical
equipiment and the tasks to be performed
on them. As a plant manager under
budget pressure, you may opt to use the
TOE table-rather than perform a full-scale
arc Hash analysis because it appears the
plant can meet OSHA requirernents and
comply with NFPA 70E at minimum
cost. [n many cases, this may be sdequate,
The costs involved in using the table ap-
proach consist of

* Producing labels that comply with
MRS TOE and NEC 0 requirernents for
all plant electrical equipment.

= Training personmel in sfe elecrical
work practices.

* Providing PPE in sufficient quanti-
ties for all workers.

These activities are not optional bt

are required by OSHA and NFPA 70E

However, you should be aware that
the NEPA 70E table applies only for the
short circuit conditions for which they
were prepared. These conditions are
explained in the parameters for cach
section of the table. Therefore, you mast
have your plant electrical engineers o
consuliant calculate the availsble short
crrcuit corrents that all of the labeled
equipment may experience. Then, the
applicability of the tables for these condi-
tioes must be verified.

Consider the insertion or remowval
of an individual starter “bucket™ from
a GV class MOC as an example. For
performing this work on an energined
MO, the NFPA TOE table shows that
risk category 4 PPE is required. The
parameters under which this applics are:

Shaort circuit crrent < 4004

and

fault duration = 20 cycles (0,33
seconds)

This means that the 't { measwre of
incident energy) of the fault must be less
thean about 582 megadmp seconds IF
this It is exceeded, then the table option
can no longer be used, and & detailed arc
flash hazand amatysis must be performed.

T werify that the table can be used,
plant engineers or consultants must
perform a detailed short circuit and
prutective device study. It nuay be tempt-
ing o wse the short arouit rating of the
upstream protective as the maximum
current — and the rated interrupting
time of this device a3 the arc duration
— iy commpare with the table pararmeters.
However, particularly in older plants,
there is oo guarantee thar the short cir-
cuit current is less than or equal to the
profective device short circuit rating —
or that the intermupting time is bess than
the limiting arc duration time. That's
whya detailed stody is required. You may
find that you have a number of protoctive
devices in your plant whose shont cirouit
ratings are exceeded by the caloulated
short circait current. This has impli-
cations for worker safety beyond arc
flash — equipment explosions, failure
to interrupt short circuit curnents, etc.

2) How do | begin the arc flash
hazard analysis process? If the
MEPA TOE tables cannot be applied at
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some or all of the pieces of plant equip-
ment, a full-scale arc flash analysis (more
extensive calculation of risk levels at
plant equipment) is required. Typically,
this requires:

* Creation of a detailed, up-to-date
wngle-line diagram of the plant (NFPA
TOE already requires that ).

= Lse of sophisticated computer pro-
grams that implernent [EEE 1584 — 3002,
"zuide to Performing Arc-Flash Hazard
Caleubatomns™

* Collection of cable, transformer,
protective device data, and plani
electrical system operation confipura-
tions under normal and contingency
conditions.

Data collection is the most time-
comsurming and expensive part of this
detailed arc flash hazard analysis. Al-
though it can be done by plant personmned,
it’s better if experienced are fash hazard
experts collect the data — or at least
guide its collection.

The creation of the detailed single-
line dizgram flows naturally from the
data collection process. Therefore, the
engineers of consultants doing the data
collection should perform this work.

3) What worker protective mea-
sures can you take? Whils 05114
afety principles dictate what yon need
to do o protect workers, the use of the
specific measures in MFPA FOE in this
process will ensure compliance with
EHA.

You shall implernent and document
an electrical safety program in accor-
dance with Sec. 1303 of WFPA TOE o
provect your workers from the electrical
hazards identified in your plant An inde-
pondent party shall andit the program —
preferably, at least every three years — to
verify that its principles and procedares
comply with NFPA 70E.

FPE and traming in its use must be
provided to workers who work on en-
ergized equipment, and they must wear
the appropriate PPE depending on the
circumstance.

De-energizing the equipment elimi-
nates the arc flash exposure of personnel
when they work on il However, this doss
notcompletely eliminate exposure to arc
flash because the act of de-energizing the
ecquipmient coubd itsell become an arc
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flash incident, if dhere s an meadation
failure or other equipment failare that
causes @ short cirowit. Thus, appropriate
PPE must be worn while de-energizing
the equipment. Remote mcking is an-
other solution to this isswe.

Something to keep in mind is that
PPE itsell can be a cause of an arc fach
incident bevause of lrmitations in move-
mient, visibility, and dexterity.

4) What mitigating measures can
you take? De- energizing the equipment
i the best mitigating action. However,
when workers are required 1o work on
energized equipment, there are some
miasures that can be taken 1o mnirmize
the risk or hazard level

The two factors that determine the
severily of an arc flash incident are arc
magnitude and arc doration. Reduction
of one or both of these factors will reduce
the arc fash risk level and consequently
the level of PPE required to work on the
eguipment.

Carrrent magnitude reduction — For
new installations, current-limiting
protective devices can be specified to
limit the short circoit current levels
protective devices can be replaced
with current-limiting devices. Under
certain ciroumstances, current-limiting
fuses can be installed upstream from
the equipment o minimize current
magnitude. NEC 240.86 stipulates
the conditions under which curreni-
limiting fuses may be used. The feeder
load cureent also dictates whether
current-limiting fuses can be applied,
There is, of course, a cost to installing
current-limiting fuses, particolardy in
cxisting installations. This cost must
be weighed against the cost of de-
energizing the equipment,

Beduce arc duration — A tempo-
rary reduction in the-time seftings of
protective devices upstream from the
work area will reduce the arcing time.
Care must be taken to ensore that the
time seitings are returned 1o normal
after completion of work, However,
in some cases, the setting range on the
existing upstream protective devioe is
not adequate to provide a significant
reduction in arc duration. In those
cases, the upstream protective device

(0T its iripping unit) may be replaced
with a device or unit that provides
faster tripping times and reduces the
arcing time, Switchgear manufactor-
ors are now making arc flash-resistant
equipment that, by design, reduces the
severity of the arc Hach incident.

5) How does electrical mainte-
rnance factor into an arc flash
compliance program? An often-
mﬂﬁmkniﬁm:mdmml’dmmhm

manufacturers' recommended main-
temance procedures. These procedures
must be followed if credit is to be taken
for dhe correct operation of these devices
unsder arc flash conditions in the arc flash
hazard analysis,

1 was imvobved in the investigation of
anarc flash incident at an international
manufacturing plant. Two workers
were repairing a low-voltage breaker
in a distribution panel. The original

~design of the breaker panel was such

that when the door to a breaker was
opened the breaker was de-energized,
One of the workers assumed that this
feature was still operational and in-
serted a screwdriver in the breaker. This
cansed a short cirewil and are Tash o
wccur, Because there was no local main
bireaker in the panel, the are continued
to burn, The upstream breaker did not
trip, allowing the arc o continue to
burn and opened only when a super-
visor manually tripped it. One of the
workers was killed, and the other was
severely imjured.

S0 just because you have protective
devices inyour plant that are designed to
operate properdy if they are ot main-
tained and exercised as recommended
by the manofacturer.

&) Who authorizes energized
work? You or your designated repre-
energized work on electrical equipment.

where the employer can demonstrate




Arc Flash Rules and Regulations

Thie folkowing skandands provide O5HA requirements and methods for creating 3 sale

electrical workplace.

« (15HA Seandards 29-CFR, Part 1910, Sub Part § (Elechrical). Standard number
1910.333 specifically addresses standards for work practices and references

MFPA TOE

« The Mational Fire Protection Association (MFPR) Standard 70 - 2011, "The
Mational Elecinical Cade” (NEC), containg requirements for waming labek. See NEC

Section 11016

« NFPR 70E 2012, “Starcdard for Elecirical Sadsty in the Workplace” provides
puidance on implernenting appropriate waork practices that ans required to
safeguand workers fom injury whils working on or nesr exposed electrical
conduciors or cnouit parts thal are or could become energized.

While D5HA does nat enfiorce compliance with NEPR T0E, i considers it fo be 2 con-

sensus siandand and indusiry praciice. Employers that ioliow the NAFA 70E standand

are considered to comply with the Hazard Assessment and Equipenent Selection

(X5HA Standand,

that de-energizing introduces additional
hazards or increased risk (eg., ventila-
tion system in plant with harardous
fumes).

* Energized work shall be permit-
ted where the employer (i.e., the plant
manager) can demonstrate that the
task to be performed is infeasible in a
de-energized state doc to equipment
design or operational imitations (2.,
monitoring voltage and current of a
picce of equipment under plant operat-
ing, conditons].

However, if the equipment has been
classified as “dangerons,” energized work
can't be performed om it, regandless of the
consequences for plant operation.

Energlzed Work Permits, an NFPA
TOE 2012 requirement, should be used
b0 prevent unneessary Tisks and requines
your or your designee’s signatore for
hot work. Ultimately, the safe electrical
workplace bock stops with you — the
plant manager.

In conclusion. Arc flash incidents
pose 4 significant safery risk for per-
sonnel working on energized electrical
equipnuent. Yoo must establish the risk
levels throughouwt your plant and pro-
vide training and the appropriate FPE
for workers.

WFPA 70E spedifies the conditions
under which work may be performed
on energired oquipiment There ane i
conditions that allow energized work to
be performed on equipment dassified
&5 (EN@CTous.”

Arc fAash harard analysis is not 2
one-time activity. The analyss must be
updated amy time there are modifications
to the electrical system that change the
short cipouit carrent lewels at plant equip-
ment. Bven without changes, NFPA TOE
1305 reguuires the analysis be reviewe:d
every five years.

The ehectrical safiety progran yoo ot
in place in accordance with Sec. 130.3
of NFFA 70E to protect your workers
from the clectrical hazards sdentified
your plint must be audited, preferably
by an aiependent party, at least cvery
three years 1o verify that its principles
and proceduores comply with NFPA TOE.

Proper and timely maintenance of
plant electrical equipment, especially
protective devices, s essential o ensine
the validity of regular arc flash harard
analysis. EEM

MoCauley is a forensic engineer and presi-
dent of Consolidated Consulting Corp.
in River Forest, [iL He con be reached ar
tmmecanley@ConConCo. com,
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