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Presenter

< Dennis Sepavich, PE
< Joined RMF Engineering in 2006

< Project Manager / Electrical
Engineer at RMF

< Licensed Professional Engineer, 2002
(SC,NC,GA,FL,AL,AK,VA,NY,MA,IL)

< Licensed Journeyman Electrician,
1992

< 31 years experience in the Electrical
Construction Industry
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What is an Arc Flash

< A rapid release of energy
due to an arcing fault
between two electrical
conductors (bus bars)
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What is an Arc Flash

Arc Flash and Blast
I — Conductors
' o D Molten metal
; - -
0 ¢
AW
d 9 g — Pressure waves
0
Toxic copper vapor ) Sound waves
g ar1q ; 16508
Copper expands ¥ x
by 67,000 times * x X Shrapnel
Intense light (IR & UV) | Extreme temperature
35,000° F (20,000° C)
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Arc Flash Accident
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Industry Standards

< OSHA 1910.132(d) Hazard
Assessment and
equipment selection

< OSHA 1910.312(f)
Training

PART 1910 (§1910.1000 TO END)
Revised as of July 1, 1999

Arc Flash & Electrical Safety

rn'r RMF Engineering




Industry Standards

< National Electrical Code

< 110.16 Arc Flash Warning
Label

[AWARNING

i

Appropriate PPE
and Tools required
while working on
this equipment.

Shock Hazard
rrrr RMF Engineering

| w\ I National Electrical Code®
NFP A. International Electrical Code® Series
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Industry Standards

< National Electrical Code

< 110.24 Field Marking
Available Fault Current

T\
nec
4

Maximum available fault current:
14,046 Symmetrical RMS Amperes n
Date: 1 211 0,201 3 NFPA, International Electrical Code® Series
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Industry Standards

ONLINE NFPA 7DE |
PERMITS TooL INCLUDED - |
SEE INSERT FOR DETAILS.

< NFPA 70E

< Article 130 — Electrically
Safe Working Conditions

(A) Energized Work.

(1) Additional Hazards or Increased Risk. Energized
work shall be permitted where the employer can demon-
strate that de-energizing introduces additional hazards or ' Wl

ONLINE NFPA 70E

increased risk. l PERMITS TooL INCLUDED - E
SEE INSERT FOR DETAILS.

(2) Infeasibility. Energized work shall be permitted where
the employer can demonstrate that the task to be performed
is infeasible in a de-energized state due to equipment de-
sign or operational limitations.

(3) Less Than 50 Volts. Energized electrical conductors
and circuit parts that operate at less than 50 volts shall not
be required to be de-energized where the capacity of the
source and any overcurrent protection between the energy
source and the worker are considered and it is determined
that there will be no increased exposure to electrical burns
or to explosion due to electric arcs.
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Industry Standards

ONLINE NFPA 70E

< NFPA 70E | P o -
< Article 130 — @
Lockout/Tagout

e
-

SERVICE for




Industry Standards

ENERGIZED ELECTRICAL WORK PERMIT
PART I: TO BE COMPLETED BY THE REQUESTER:

L3 (1) Deseription of circuit/equipment/job location:
o0
*

(2) Description of work to be done:

Job/Work Order Number

(3) Justification of why the circuit/equipment cannot be de-energized or the work deferred until the next scheduled outage:

<+ Energized Work Permit

Requester/Title Date

PART I1: TO BE COMPLETED BY THE ELECTRICALLY QUALIFIED PERSONS DOING THE WORK: Check wh
eck when
complete

(1) Detailed job description procedure to be used in performing the above detailed work: O

a

(3) Justification of why the circuit/equipment cannot be de-energized or the work deferred until the next scheduled outage:

|
u[ulals

Requester/Title Date

(b) Necessary arc flash personal and other protective equipment to safely perform the assigned task
(c) Arc flash boundary

(5) Means employed to restrict the access of unqualified persons from the work area

O 0O ooa

(6) Evidence of completion of a job briefing, including discussion of any job-related hazards:

(7) Do you agree the above-described work can be done safely? 2 Yes O No (If no, return to requester.)

Electrically Qualified Person(s) Date

Electrically Qualified Person(s) Date

PART Ili: APPROVAL(S) TO PERFORM THE WORK WHILE ELECTRICALLY ENERGIZED:

Manufacturing Manager Maint. /E: ing M.
Safety Manager Electrically Knowledgeable Person
General Manager Date

Note: Once the work is complete, forward this form to the site Safety Department for review and retention.

© 2014 National Fire Protection Association NFPA 70E
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Industry Standards

< NFPA 70E

Flash Protection

< 130.5 Arc Flash Risk s

/
| 4

Limited Approach

/ Boundary

ijited space

Assessment

Any point on an

- exposed, energized
electrical conductor
or circuit part

- ~Restricted Approach
Boundary

\‘\"-._ 2
“Restricted space

///,,, ; 4 \

Prohibited Approach
Boundary

Prohibited space
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Industry Standards

IEEE Std 1584"-2002

< |EEE 1584
IEEE Guide for Performing

< Guide for Performing Arc Arc-Flash Hazard Calculations
Flash Hazard Calculations

Sponsor

Petroleum and Chemical Industry Committee
of the
Industry Applications Society

Abstract: This quide provides techniques for designers and facility operators to apply in
determining the arc-flash hazard distance and the incidenl energy to which employees could be
exposed dunng their werk on or near electrical equipment

Keywords: arc fault currents, arc-flash hazard, arc-flash hazard analysis, arc-flash hazard
marking, arc in enclosures, arc in open air, bolted fault currents, electrical hazard, flash protection
boundary, incident energy, personal protective equipment, protective device ccordination study,
shori-circuit study. working dislances

The Institute of and Elect gt . Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2002 by the Institute of Electrical and Elsctronics Engineers. Inc
Al rights reserved Published 23 Seplember 2002 Printed i the Unied States of Amenica.

Pring. ISBN 0-7381-3351-5  SHOM23
POF. ISBN 0-7281-3352-3  SS95023

Natvonal Electrical Code and NEC are both registered trademarks of the National Fire Profection Association. Inc

TEEE Ball Book. JELY Groen Book. and JELE Red Book are wogistered rademarks of the Instituie of Elecinical and Klecwronic
Lngincers. Ine

No part of this publication may be reproduced in any form, in an eCionic retreval system or otherwse, without the prior
written permission of the publisher.
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Industry Standards

IEEE Std 1584"-2002

< |[EEE 1584

< Includes Incident Energy
Calculation equations -
used by software
programs

IEEE Guide for Performing
Arc-Flash Hazard Calculations

Abstract: This quide provides techniques for designers and facility operators to apply in
determining the arc-flash hazard distance and the incidenl energy to which employees could be
exposed dunng their werk on or near electrical equipment

Keywords: arc fault currents, arc-flash hazard, arc-flash hazard analysis, arc-flash hazard
marking, arc in enclosures, arc in open air, bolted fault currents, electrical hazard, flash protection
boundary, incident energy, personal protective equipment, protective device ccordination study,
shori-circuit study. working dislances

The Institute of and Elect gt . Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2002 by the Institute of Electrical and Elsctronics Engineers. Inc
Al rights reserved Published 23 Seplember 2002 Printed i the Unied States of Amenica.

Pring. ISBN 0-7381-3351-5  SHOM23
POF. ISBN 0-7281-3352-3  SS95023

Natvonal Electrical Code and NEC are both registered trademarks of the National Fire Profection Association. Inc

TEEE Ball Book. JELY Groen Book. and JELE Red Book are wogistered rademarks of the Instituie of Elecinical and Klecwronic
Lngincers. Ine

No part of this publication may be reproduced in any form, in an eCionic retreval system or otherwse, without the prior
written permission of the publisher.
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Personal Protective Equipment

< Shock Hazard Protection

rrrr RMF Engineering \ = Arc Flash & Electrical Safety




Personal Protective Equipment

< Arc Flash Protection

8 calorie suit 12 calorie suit 40 calorie suit

Arc Flash & Electrical Safety
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Personal Protective Equipment

< Arc Flash Protection

F 2
Y

100 calorie suit
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WHAT IS INVOLVED IN AN ARC
FLASH STUDY?




What is involved in an Arc Flash Study

< Data Collection

J/

<+ Document existing conditions
(Voltage, Ampacity, circuit breaker

settings, feeder sizes and

conductors lengths)

rrrr RMF Engineering




What is involved in an Arc Flash Study

Manufacturer SQUARE D
225 A

Sensor/Trip 200 A

LH

. 0
< Develop One-Line UZAPRI) sctings

INST LO (1000A)

Diagram laAxp g S (D57 30 AWGKemi

Copper 3-1/C+G
THWN
100 ft

< Input field data into one- oA XE PRIl Ampacity 200 A

o Size 75 kVA

line diagram format in K bhipda

U2A XF AA Sec Wye-Ground
208 V

software program g7 S 0 o

U2A XF SEC X/R 0.9
Manufacturer SQUARE D

250 A
Sensor/Trip 250 A
U2A_SEC ) QD
Settings
Fixed

(1) Size 4/0 AW G/kcmil
Copper 4-1/C+G
THHN

100 ft

Ampacity 260 A

C-U2A-FDR

N\(\W

PNLU2A SE

Manufacturer SQUARE I
U2A_PNL1) 100 A
>Q Sensor/Trip 100 A
QO, 3-Pole
Settings
Fixed (730-7, 100A)

Arc Flash & Electrical Safety
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What is involved in an Arc Flash Study

0

. . U2A_PRI )
< Short Circuit Study
% Determine the fault C-U2AXF-FDR §4SOV
current at each bus in the U2A XF PRI| AsymaP 5 Cycie 5562 A
electrical distribution Aule

U2A XF

MMM

system

U2A XFSEC | 208V
Asym3P 1/2 Cycle 3371 A

Asym3P 5 Cycle 3274 A

U2A_SEC )

C-U2A-FDR ?
208 V

Asym3P 1/2 Cycle 2808 A
PNLU2A SE | Asym3P 5 Cycle 2768 A

U2A_PNLI )
%

Arc Flash & Electrical Safety
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What is involved in an Arc Flash Study

< Short Circuit Study

L)

» ldentifies any circuit
breakers that may not be
rated for the available
fault current (over duty)

;
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K/

> Presents a serious safety
hazard

L)

)
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What is involved in an Arc Flash Study

% Protective Device
Coordination

< Compare time current
curves to ensure the
overcurrent device closest
to the load trips first
(Selective Coordination)

1000

100

10

0.10

0.01

0.5

800A MCB

CURRENT IN AMPERES

eeeeeeeeeee

SSSSSSS

eeeeeeeeeee

SANOOD3S NI ANIL

—

1

i

N—— ]

]

10 100 1K 10K

Selective Coordination.tcc Ref. Voltaae: 480V Current in Amps x 10

rn'r RMF Engineering
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What is involved in an Arc Flash Study

% Protective Device

. ] Micrologic 6.0A Trip Unit
Coordination

'—Ionnm
4] iil 4

< Circuit Breakers with ﬁ:% ::.}y
adjustable electronic trip .%..
units may be able to be B
adjusted to lower the
incident energy which
reduces the arc flash ﬁﬁ g:l

hazard | | ﬁjﬂ‘

rn'r RMF Engineering
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What is Involved in an Arc Flash Study

< Arc Hazard Analysis

» Calculate the incident
energy at each bus

< Dependent on level of
arcing fault current

< Clearing time of upstream
device

r ‘T r RMF Engineering . o Arc Flash & Electrical Safety




Example

CURRENT IN AMPERES
1000
. Arc Flash Boundary = 21"
o 1200 Amp MCCB W|th Incident Energy = 1.6 cal/cm?
1200A TM MCC

adjustable instantaneous

PA
100 Trip 1200.0 A

Settings Phase

[
Thermal Curve
r I p INST LO (3480A)

10

SANOD3S NI JNIL

Clearing Time Arcing Current

(Arc Duration)
0.10 / =0.053 Seconds / Z,080. Atnps

0.01
05 1 10 100 1K 10K

1200A TM MCCB.tcc Ref. Voltage: 480V Current in Amps x 10
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Example

CURRENT IN AMPERES

1000 M

X 1 200 Am p I_VPC B W|th Arc Flash Boundary = 151”
. . . Incident Energy = 39 cal/cm?
electronic trip unit

e 1200A ET MCCB————&>
SQUARE D
Masterpact NT, 5.0 & 6.0 A/P/H
NT12H
Trip 1200.0 A
e Settings Phase
LTPU (A),LTD 1 (1200A); 1
STPU 10 (12000A) N
STD 0.3 ("2t In) Arcing Current =
INST (NTxxN, NTxxH) 10 (12000A) =
10 6,020 Amps
DISCONNECT 2
wn
m
@)
o
b4
__________________________________ (@]
)
1
Clearing Time
(Arc Duration)
=1.568 Seconds
0.10
0.01
05 1 10 100 1K 10K

1200A ET.tcc Ref. Voltage: 480V Current in Amps x 10

SCAPPA

SERVICE fer
EXCELIENGE
IGHER EOULATIN
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Example

CURRENT IN AMPERES

1000

< 1200 Amp Power Circuit ArcFlash Boundary = 627

Incident Energy = 9 cal/cm?

1200A LVPCB———— >
B re a ke r W/O ?ES Power Break
100 mpsmoo.o A —>

Instantaneous protection o

10 -
=
m
z
Arcing Current i
7,080 Amps 8
Z
1 &
0.10 \
Clearing Time
(Arc Duration)
=0.304 Seconds
0.01
05 1 10 100 1K 10K

1200A LVPCB.tcc Ref. Voltage: 480V Current in Amps x 10
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What is involved in an Arc Flash Study

< Arc Hazard Analysis

Flash Protection

< Determine the Arc Flash i

/
| 4

Limited Approach

¢ / Boundary

ijited space

Boundary

< Distance where
unprotected person can
receive a 2"d degree burn
>1.2 cal/cm?

Any point on an

__ - exposed, energized
electrical conductor
or circuit part

- ~Restricted Approach
Boundary

\‘\"-._ 2
“Restricted space

; ///,,x ‘ \

Prohibited Approach
Boundary

Prohibited space
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What is involved in an Arc Flash Study

< Arc Flash Label
2015 NFPA 70E: PPE

A WARNlNG Categories removed from the
| - label

ARC FLASH & SHOCK HAZARD

480V Nominal System Voltage
4Ft8In Arc Flash Boundary g

3Ft0In Limited Approach Boundary ARC FLASH BOUNDARY
1Ft0In Restricted Approach Boundary

25.7 Incident Energy (callcm?)« INCIDENT ENERGY

PPE Required: N

Arc-Rated Long-sleeved Shirt, Pants or Coverall
Hard Hat, Balaclava, Face Shield

(rated equal to or greater than listed Incident Energy) ] ]
Safety Glasses or Goggles = Personal Protective EQuipment
Hearing Protection (ear canal)
Leather Footwear

Shock Protection:

Gloves Class 00, Voltage-rated Tools

Equipment ID: Panel #123 Location: Main Building
Date of Arc Flash Risk Analysis: 1-1-15 < Date the Study was completed

Arc Flash & Electrical Safety

rrrr RMF Engineering




What is involved in an Arc Flash Study

< Arc Flash Labels

<+ Place labels on the
equipment

Arc Flash & Electrical Safety
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What is involved in an Arc Flash Study

<+ Keep it current

< Review and update the
study when any changes
are made to the system

< Minimum every 5 years TIME ™\

7%, EXPIRED .

- - o em———g e
T e eyt e £ o
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Why perform Arc Flash Studies

< Prevent worker injury or
death

< Avoid or reduce litigation BE CAREFUL

associated with an
electrical injury

< Comply with codes and SAF E I I
standards to avoid
citations and fines F I R I

Arc Flash & Electrical Safety
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Summary

< Basic understanding of ( SHA
arc flash :))

< Overview of codes and Occupational Safety
standards associated with and Health Administration
arc flash and electrical
safety

'ARC FLASH AND SHOCK HAZARD

Appropriate PPE
and Tools Required llm
when working on ‘

this equipment.

< Overview of what goes
into an arc flash study
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THANK YOU!!!

Dennis Sepavich, PE
dennis.sepavich@rmf.com
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