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History
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#®Shock / Electrocution Major Hazard
-tRaIph Lee 1982

B
nE
s E

‘The Other Electrical Hazard: Electric Arc
ast Burns”

ectrical Arc Burns Are a Common Injury
ectrical Arcing is Term Applied to Current

Passing Thru a Vapor of Conductive
Material

» Established Relationship Between
Temperature and Skin Burns & Human
Tissue Cell Death

#® |EEE 1584 Expanded Lee’s Work



Recent Local Incident

Stanford University
Technician injured at linear accelerator

-Ulysses Torassa

Thursday, October 12, 2004

A technician suffered second and third degree burns Monday after a 480 volt
electrical arc erupted during the installation of a circuit breaker at the Stanford
Linear Accelerator Center, authorities said.

The man, who was not identified, was installing the device at 11:18 a.m. next to an
electrical panel in a section of the 2 mile long accelerator located just west of
Interstate 280, said center spokesman Neil Calder.

The arc ignited his clothes and threw him backward, but two co-workers who were
nearby were able to put out the flames quickly. He was being treated in the
burn unit at Santa Clara Valley Medical Center in San Jose.

Calder said officials had suspended operations at the accelerator for a few days
while the accident is investigated but that the halt was unlikely to affect any
research work.

SFGate.com



Hazards of Electrical Work
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@® Electrical Shock — Direct Contact

@ Electrical Shock — Vaporized Metal in Arc
Plasma

#® Arc Flash Burns (Heat, Fire)
@ Arc Blast (Pressure, Shrapnel, Sound)

Secondary hazards include
@ Falls
®Fire



Photos of Arc Flash Hazard
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Photos of Arc Flash Hazard
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7:30am Nov. 8, 2004 in SF

N

Vaporized
copper




Arc Flash Hazard Comparison
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#®Steam (water to vapor) (Heat of
Vaporization) at 212° F.

#\Vaporized copper at 5000° F.



Arc Flash Hazard Comparison
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Skin Duration of | Damage

Temperature |Exposure |Caused

110° F 6 Hours Cell breakdown
begins

158° F 1 Sec. Total cell destruction

176° F 0.1 Sec. Curable burn

200° F 0.1 Sec. Incurable 3rd degree

burns




Flash Hazard Analysis
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®A Flash Hazard Analysis must be
performed before a person approaches

any exposec
circuit part t
an electrical

electrical conductor or

nat has not been placed In
y safe work condition.

#The Flash Protection Boundary will
establish the need for PPE to cross that

poundary.

#®#Flame Resistant (FR) clothing and

PPE are used by the employee based

upon the incident energy associated
with the task.



Alternate Methods of Analysis
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#Method 1: NFPA 70E Tables

#Method 2: Calculations per formulas in
NFPA 70E based on available fault
current and fault clearing time

#Method 3: Calculations per formulas In
IEEE 1584, based on empirical test
data.



Definitions of Key Terms
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#®Incident Energy

#®Flash Protection or Arc Flash Boundary
®Limited Approach Boundary
#Restricted Approach Boundary
#®Prohibited Approach Boundary

#® Qualified Person

®Working Distance




National Electrical Code

Article 110.16 Flash Protection

Switchboards, panelboards, industrial control
panels, and motor control centers that are in other
than dwelling occupancies and are likely to
require examination, adjustment, servicing, or
maintenance while energized shall be field marked
to warn qualified persons of potential electric arc
flash hazards. The marking shall be located so as
to be clearly visible to qualified persons before
examination, adjustment, servicing, or

maintenance of the equipment.

FPN No. 1: NFPA 70E-2000, Electrical Safety Requirements for Employee Workplaces,
provides assistance in determining severity of potential exposure, planning safe work
practices, and selecting personal protective equipment.

FPN No. 2: ANSI Z535.4-1998, Product Safety Signs and Labels, provides guidelines for
the design of safety signs and labels for application to products.




Sample Label

A\ [WARNING

Arc Flash and Shock Hazard
Appropriate PPE Required

56 inch  Flash Hazard Boundary
3.58 ~calicm*2 Flash Hazard at 18 inches

Class 1 FR Shirt & Pants

4160 VAC Shock Hazard when cover is removed
60 inch Limited Approach

26 inch Restricted Approach

7 inch Prohibited Approach

Bus: 012-TX3 TER Prot: R SWG3




|[EEE & NFPA
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IEEE Std 1584™-2002

1584™

IEEE Guide for Performing
Arc-Flash Hazard Calculations

IEEE Industry Applications Society

Sponsored by the
Petroleum and Chemical Industry Committee

SIEEE

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5887, USA Hra i

23 September 2002 POF. 5585024

Licensed to Cammisa and Wipl Consulling Engineers/George Puffetl
ANS| Store order 8X157796 Downloaded: 10/29/2004 2:38:33 PM ET
Single user licanse only. Copying and networking prohibied,

NFPA, 1 Batterymarch Park, PO Box 9101, Quincy, MA 02268-3101, USA
An International Codes and Standards Orpanization




NFPA 70E - 2004
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Energized Electrical Work Permit
#®Description of equipment and work
& Justification of why work energized
#®Description of safe work practices
#Shock Hazard Analysis & Approach

®
®
®

Boundaries

~lash Hazard Analysis & FP Boundary
Protective clothing and PPE

Restriction of unqualified persons

#Job Briefing
#Management approval



Sample Energized Work Permit

N

ENERGIZED ELECTRICAL WORK PERMIT

PART I:TC BE COMPLETED BY THE REQUESTER: JabiWark Ordar Murmber:

{1) Dascnption of cireuitiequipmentijob location:
12KY MAIN SWGR

{23 Descriplion of work © be dong:

{3} dustilicatlon of why the circuitioguir cannot be d o or the work deferred until the next schedulad oulage:

ReuesienTitle Diata

PART ll: TO BE COMPLETED BY THE ELECTRICALLY QUALIFIED PERSONS DOING THE WORK!

Check
When
Complate
(1) Detaied job description procedura 1o be usad in perfarming the sbove delailed wark: r
{#) Dascrption of the Safe Wark Practices to ba omployad: I
Flash Boundary 37 inch Flagh Hazard 123 callem®? |Working Distance 38 inches
| | !
Shock Hoard 12470 VAC Limited Approach G0 ineh Glove Class 2
Rastictod Approach 26 Inch
Prohivited Approach 7 inch
Racuied PPE Clags 1 FR Shirl & Pants
{3} Maans amplayed to reslrict e access of unqualified prrsons from the work area: I~
{4} Evidence of complation of a Job Briefing including discussion of any job-related hazards: 3| ‘
{53 Do you agres he abova described work can bo dona safoly? [TYes  [TNo (It no, return Lo requestern) i
|
Eleciically Qulified Porsens) Date
Elacirically Qualified Parsonis) Date

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

Malntenance/Enginasring Managrer Manuiacturing Manager

Safaly Managor Elecirically Knowlodgeablo Person

Ganoeral Manager Drater




Definition
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®Flash Hazard Analysis: A study
Investigating a worker’s potential
exposure to arc-flash energy, conducted
for the purpose of injury prevention and
the determination of safe work
practices and the appropriate levels of
PPE. [from NFPA 70E 2004]



Hazard Category Classification
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#Table 3-3.9.1 Hazard Risk Category

= Hazard Risk Category (O to 4)

= Voltage Rated Gloves (Yes or No)

= Voltage Rated Tools (Yes or No)
#Table 3-3.9.2 Protective Clothing & PPE
= Protective Clothing and Equipment
= Hazard Risk Category

= Protective Systems for Category (-1
to 4)




NFPA Table 3-3.9.1
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Table $3.9.1 Hazard Risk Category Classifications

e —_————

Task (Assumes Kguipment s Energized, and Work Hazard,/ Risk

1% Dane Within the Flash Protection Boundary)

Panelboneds rated 240 Y and below - Nodes 1 aond 3

Circuit breaker (OB o fused switch operation with
CHVETS (4L

CB ox fused switeh opention with covers off
Work on energized pans, including voltage testing
Renove Snstdl Chs or fused switches

Removal of holted covers (o expose bare, energizcd
[Harts )

Opening hinged covers (Lo expose Tire, enerpized
pranis)

Panclbaards or Switchboards rated =240 V and up (o
00 Y (with molded case or insulated case creult break-
ers) —— MNotes 1amd 3

CH on [used switch operation with covers on

CB ar fused switch opetion with covers off

Waork on energizcd pacts, including voltage westing

GO0 Y Class Motor Control Cenlers (MOCs) - Nodes 2
{exeept as indicated) and 3

C18 or fusedd switeh or sunter operation with enclosare
elesars closed

Reading a panel meter while operating a meter switch

Voraled Yerated

Category Gloves Teaols

) N N

(] ™ P

I Y Y

I ¥ Y

1 N N

] b M

{ ™ I

1

2% Y

il M ™

i ™ ™




NFPA Table 3-3.9.2
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Table 3-3.9.2 Protwetive Clathing and Personal Protective
Eouipment (PUE) Matrix

Protective
Clothing &
Equipanent Protective Sysiems for Hazard/ Risk Caepory
Huzard,/ Risk -1 ] 1 P 4 4
Category Mumber  {(Noe 5
ﬁﬁumm:l MNatural — - ‘ — — —
Fiber
i Tshvivt (shesit- h X ! X
qleeyer)
[s. Sl (Jong- X
sleeve )
e Pants {long b X bt b X bt
[Nowe 41 (Note B)
TR Clothing e — — — —— —
{Nowe 1)
a Longesleeyve X X X b
shart {Maale @)
b Fanrs X X X X

(anl{_' 4y (Nowe &) (Note #)

Lo Caowerall =
(Nowe 51 (Nale 7) (Mo 9 (Mote 4)

. [ickel, ik, J
CHE Fli et AN AN AN AN

FR Protective — — -— —_— a— —
Equipment

a. Flash suit x
hi.i.l;. kit
(Blayer)

Is, I'Liasfy suie x




Protective Clothing & PPE
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#®Untreated Natural Fiber (not synthetic)
= [-shirt, Long-sleeve shirt, Pants

®FR Clothing by employee per NECA]
» Long-sleeve shirt, Pants, Coverall, Jacket

#FR Protective E(:]Uipment [by employer per NECA]

» Flash suit jacket, Flash suit pants, Hard
hat, FR hard hat liner, Safety glasses,
Safety goggles, Face protection, Hearing
protection, Leather gloves, Leather boots



N

Flash Suit




Safety Policy
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It is the policy of the Company to provide safe and healthful working
conditions by acknowledging safety as the highest of priorities in all of
our work activities. Knowledge of the job, the hazards involved, and
the precautions to be taken are all critical factors in preventing
accidents. It is our continual goal to eliminate occupational injuries and
illness among our employees.

It is the goal of the Company to have employees properly trained to meet
the standards of a “Qualified Person” as set forth by OSHA (US) and
OHSA (Canada) and to provide continual improvement of our
employee’s job skills and safety awareness through training and
communication of vital safety information.

Employees should never feel pressured to work in unsafe conditions or
take unnecessary risks by working on equipment, which introduces
additional or increased hazards.

While the Company is committed to providing safe and healthful working
conditions for each of its employees, in return the Company expects
and insists that each employee recognize their obligation to conduct
themselves in strict accordance with our safety policy and with due
regard not only for their own safety but for the safety of their fellow
employees, sub-contractors and customers as well.



Prerequisite to Analysis
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#0ne-Line Diagram
#®Short Circuit Study
#®Coordination Study



Concept of Calculation
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#\/oltage, Current, Time
®“Flash Protection Boundary Calculation”:

#Dc = (2.65 x MVAsr X t)1/2

#®Dc = distance in feet for 80° F
®MVAsr = bolted fault at point involved
#®1 = time of arc exposure in seconds

[from NFPA 70E, Part Il, Appendix B]



Concept of Calculation
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@ Voltage, Current, Time
€ “Flash Protection Boundary Calculation”:

@& Dc = (53 X MVATR X t)1/2

@ Dc = distance in feet for 80° F
€ MVATR = rating of transformer

(For <0.75MVA multiply by 1.25)
@t = time of arc exposure in seconds

[from NFPA 70E, Part 11, Appendix B]



|IEEE 1584 Calculations
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#Empirically derived formulas based on
years of testing at four recognized
testing laboratories

®Arcing current is calculated

#®Incident energy Is calculated using
arcing current and arcing time

®Equations tailored for specific protective
devices — fuses or circuit breakers and
ampere rating



|[EEE 1584 Formulas
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5.2 Arcing current

The predieted three-phise arcing current must be found so the operating time for protective deviees Gan e
determmned,

For applicaions with & system vollage under TOU0V solve the equalion {1 ¢
b d, = K0 AR T dpp o DAGG 1+ GOD0520 G+ SRR Filg ) (008 £r (g £ i1
where

Ig i the log g
£ is arcing current (kA

K i5 <0 | 53 for open confipurations aod
15 AL For box configimtions
fpe s bodied Dol cusrem for three-phase Faults (symmetrical BWES] (KA}
i is syatem veltape (k)
¥ it the pap between comdustors, dane) (see Table 43

For appleneons with a gvstem valiage of D00 Y and Wpgher solve the equatton (2 ).
Iy £y = L O0A02 - 0983 1y by )

The high-voltage case makes no disunetion between apen mnd hox configurations,




|[EEE 1584 Formulas
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5.3 Incident enargy

Fursn G the boggy of the meident enerpy nommalized, This equation is based on dmta normalized for an are
time of 0.2 secomds and o digtimee Trom the possible are poant W the person of 610 mm,

e = Ky K 1081 g d, = 00011 G 1)
where
[ is meident enerpy (iem®) normalized for time and distance
K is -0 702 for open confipgurations {ne enclogure) and
is -0 555 for box configurations (enclosed equipment)
Foa w o llﬂ[-'.rl!llﬂl'l'-'ll amel iypheresistance prounded systems and
15 0,113 for grounded systems
6 i the pap berween conductors (mm ) {see Table 4}
Then:
gk
£, = 10 {5}
Finally, convent from normmlized: '
. P :
J.:-. = 'II.IH'LE:Irf:fn["I]-..)[E‘LL-] U’gi
{12 ot
where
E i omendenl energy (.!r'n:m?"l

o s caleulation el
L0 Tor voltages abave LRV, and
1.5 For valtages ot or below 1KV

R . . b
E, is incident enerey normalized
¢ is arcing time (secands)
1l is chistance from the possible ane point Lo the person Com )
X i the destanee exponent from Table 4,

The other cases are handled similorly.




|[EEE 1584 Formulas
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5.4 Loe method

For coses where voltage is over 15 BV, or i s autsale the sepe of the model, the theoretically dedved Leg
method can be appllied and 1t s meladed in the [EEE 5td 1584-2002 Incident Enorpy Caleulators.'® See 7.2
andd W1 LA,

£ - :z_ldzxi[ﬁ'l'lh,[é] (7)
1
where!’
E s meident energy {Vem®)
I is syatem voltage (kW)
! b areing lime [seconds)

(8] f distanee from possible are poing o persan (mim
fy s bolted foult current

For voltges over 15 KV, are Tolt current 15 considered wo be equal to the Dolted faul curvent,

5.5 Flash-protection boundary
For the IEEE S1d 1584-2002 empineally desvad madel '*
|

Y610 :
= [a.tusc s e || == 4
o, [ 1840 L h[u_z][ Eu ]J (

: i
Tor the Lee mathod: |




|[EEE 1584 Formulas
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Iy
i

A
f'l!-l'

h
£

N,':.HE x 10" th[ ’ ] )

Ey

1 Uhe hstanee of the boundary fron the arcing point {mn)
1% i caleulition factor

00 for veltages above T RV il

L5 far voltiges at or below | kY,

is meident energy narmalized ™’

is maident energy m Jiem? it the Psam Ly alistamae
is tme (seconds)

is the distanee exponent from Table 4.

is bolted faull cumren

Flyy i be setat 5.0 Vew® for bare skin (no o) or ot the rating of proposcd ppet!

5.6 Current limiting fuses

Foomulae (or cadenlnmg are-ash coergies for use with current=limiting Class L and Class RE 1 fuses hive
ben developed, These fomulae were developed based upor testing a1 SO0V and o distanes of 455 mim
ising one manuficturer’s fuses, The vieriables are as Gallows

is bolted fault current for three-phase Bl (svmmetrical RMS) (A}

S n . ]
s ineident energy (Jiem®h




How to Compute
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#Slide calculator [from fuse manuf.]

@®Look-up Table [from NFPA 70E]

# Spreadsheet using IEEE 1584 formulas,
Included with the standard

#Computer program
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Slide Calculator

Method For Other Type Fuses

Tes ddetarming the flah pretection boundary and incledent snergy for
applications with ofher fuses, use the equafians in IEEE 1584 or
NFEA TOE,

Circuit Broaker Mathod Notas:
Mata 92 Thi cireull braaker [nkormation comas from squalions in
IEEE 1584 thot are based upan how circvil breakers operate.
Mote 10: Whara the arcing currant is lass than the instantonacus
Irip satling (IECE 1584 caleubation methads), the velus for incidant
energy is =| 00 cal/cm?.
MNote 11: The dala for circult braokers up ko 400 amps is basad
an Molded Coss Circuit Breakers [MCCB) with insontoneous irip,
for 401-600 amps it is based on MOCE's with alectronic rrlpunm,
einel the dkst For et braskars fram 401 up o 2000 amps iy bened
an Low Voltage Power Circuit Breakers (LYPCE) with sher time deloy
satfing of 30 cyclos, To determing the FBP and incidant enargy for
ep;lggm with attvee bype cireuit brackars or selfings, wwe equations
mn
MNote ﬂl Thea dleates For elvciilt brackars i basad uwpan divices balng
p:zn cr malntained in aceordance with monulachirers instruelions
standards. Davices that are not properdy maintained
and mlnd ey hevis boegar elating s muhlng in hlnhar el
ml!’

T Furthe agslaneion plecu sen the nows under Ave Pl Celeuloter

at www.bussmann.com,

0 10 20 3w 40 G0 GO YO B8O eD 100 110 420
Flgura 1 Fianh Frotection lloundary {inchos)

Flash Hoxard .ln mj m‘fﬂiﬁﬁ"&m
Brasmennn® esnl ta this deval li us{
; ennlinuas "'d.f Inpl:n 2 I%;Fh"::'mpmdh upplealion ol

Safely Tips

Flean avary job 7. Uan tha right ool for ha jobs
Anﬁap&acl:djumlnd ressalts B haluln the mﬂpml
ras as
il O rw:.:’?-..}w
Jreey cver 1
Bravide on elmm:lally safe 12, Limll the ki
watk condition 13, Audit thuse

?‘?‘!‘F"."J.—'

gﬂ Bussmann
P.O. Box 14460
St. Louis, Missouri 63178
Tel: 636 394-2877
www.bussmann.com

The Power to Protect.

Low-Peak® Fuse
Arc-Flash Calculator

AMPS

1-100 Iﬂl-’ﬂﬂ]_!ﬂ'l-dllﬂ 401-600
Fusa |MCCB | Fusa| MOCH | Fuss| MOCB| Fusa | MOC

i INSTRUCTIONS:
34 30 Bolted Sal Current (k&) al Arraw,
35— Fault Find Low-Paok® Fuse or Cireult Braaker
- ™™ o Amp Sizo in window obovo,
Ao Read Arc-Energy in col/cm? a1 18",

Suggestions for limiting arc-Aash energy or hazard:
1. Utilizn tha most current-limiting cvercurrent protection available.
Fer axisting fusible systems, upgrode to LOW-PEAK® fuses.
[ lmpudance ~grounded wye systems when possible,
mn? 2 protection far mator cantrallars.
Oniyl;amulrllum ond Inslul! un:uﬂ braakers and ather
devicas o tureds instruchions,
Doiricl resel o lreul brsakaf or mpluoa fusas unfil the couse is
known and
Aeircuit brakar that hoss intarruptod a fault should ba axomined
aind possibly testad por manufachurer’s instructions prior bo baing
ut back into service,
E¢ sure all overcurrent pratecive dirvices have an odeguate
Iiherruphing raking for the maximurn availoble shart-circuit currant.
9, Do nal wa ;hoﬂ—llm dolay settings an circuit brockars.
10, For circuits abave 600 ampares, specify bolted prossure swilches
with shunt- }r|p that vﬂ" open the switch when a fuse DpEN,
11. Specify @ main on a service. Do not uilize he six disconnect
rule fo avold the axpense of o mein,
12, Uiilize cabls limiters on service cendustors ta limit the arc-flash
anargy for foulls aheod of the main.
13, Brock up loads nko smaller circults. s much batter o hove o
S00A circuits than one 1200A circuil,
|4 H uslng cnrwll bren’mra, specify zone-seloctive-inforlock,
o

d Work Parmit procedures
aqumng signature by management
Do a flash |Em.utd unu|;n|= [or all equl:hmm anel offis MEC

l 10016 are-flash wnmilr_ﬂ legbsed, i Ing incident enargy, flash
protection boundary, and shock boundlaries,

17, Install fusibla disconnacts within sight of each mater.

18. Utilize arc resistance {arc diverting) switchgear,

19, Use remote control swilches and circil braakers, remols confrol
rocking, ond extended length racking tools.

=] P‘ .U'.“-S-’N

SEGmmmROMEmRteY T Sida 1



Example Computer Programs
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A Mew Milestone

Dovica Coordination [STAR)

Eorpadiehny Faam A e st nloh A—iopwen
Short-Clicis
! e ANE L HEC

Arc Flash
EFE 1584 & SIPR, P

cior SeraH raton
Harmonic Analysts
Conlrod Systems
DC Systoms

Load Feow & Bori-Crogd

Batary Systams

Integrated Solutions... ©
...for Power Systems

GIS Map
Ernbaiey Toaill & Lod Fiow Afifyiin

Load Flow

Rilasamt & Ureniere s

Dptimal Power Flow

Optmal Capacitor Placemssnt
Rekability Assossment

Tranglond Stability Analyata
m.msmﬂmswﬂ

Grouned Grid Systems

HEF & Ftw § sarons Winthoudy

Ling & Cabia Systoms

SCADA Inedacn

Sa-Eabreaior & Load] Detbuter

Renl-Time Simulation
Lia prirtce ! Dt adr Agwonlancn

Wind Powar Systams
Inteligent Load Shedding

etap.com E_t_gp

Dt et by

SKM Power'Tools”

ELECTRICAL ENGINEERING

SOFTWARE

DAPPER™

Load Analysis &
Equipment Sizing

Arc Flash Evaluation
IEEE 1584, NFPA TOE,
& OSHA Compliance

Load Flaw & Voltage Drap

Panel & MCC Schedules

Shorl Gircuit
[AMSL, IEC 60909/61363)

CAFTORT

Equipment Evaluation
Ground Grid Design

Distribution Reliability

Time-Gorrent Coordination

DG System Analysis

Unbalanced/Single Phase

Sysiem Studies

Distribution Management

TME - Trancient Motor Starting  Syslem. Real Time

Monitoring & Modeling.

[* &M = Transient Stability State Estimation,

wi Custom Madels

HIWAVE = Harmonic
Analysis & Filter Design

Cabie=30 Pulling

Optimal Power Flow

Motor Parameter Estimation,
Cable/Transmission
Line Galculators

Syslems Analysis, Inc.

1-800-232-6789 | sales@skm.com | www.skm.com




Sample One-Line Diagram-BF

N

UTIL FDR1
A
UTIL SPLC BOX
= AF_BoltedFault 10.045 kA
PRI SVC CBL
MAIN RELAY
MAIN BRKR
12KV MAIN SWGR
AF] Al
FDRI RELAY
FDRI BRKR
FDRI
I T1 PRI
_TT AF_BoltedFault 9.858 kA
o TI SEC
— AF_BoltedFault 44,602 kA
SVCBUS 1
MAIN1
LV SWBDI1
AF_BoltedFault 44.397 kA
RISERI BRKR CHILLER] BRKR
CHILLER1 FDR
RISERI-1 CHILLER 1
RISER TAP |  AF_BoltedFault 40.797 kA
TAP 1A BRKR TAP 1B BRKR
Ie
TAP 1A FDR 5 TIB
TAP 30 RISER1-30 L4
AF_BoltedFault 28,200 kA ™ PNL 1B FDR
AF_BoltedFault 10.958 kA
TAP 30B BRKR ' TAP 30A BRKR
JR PANEL 30A FDR
s T30B
' PARTEEI0A
AF_BoltedFault 9.513 kA
PNL 1B MAIN

PNL 30B FDR

PNL 30B MAIN
PNL
AF_BoltedFault 50.122 ka

P?
AF _BoltedFault 8.611 kA

UTIL FDR1

UTIL SPLC BOX
AF_BoltedFault 10.045 kA
PRI SVC CBL

MAIN 8W
& MAIN FUSE
12KV MAIN SWGR
AF] “au
FDR1 5W
FDR1 FUSE
FDRI1
| T1 PRI
1 AF_BoltedFault 9.858 kA
o T1SEC AF_BoltedFault 44.602 kA
2 SVCBUS 1
MAINT SW

MAIN1 FUSE

LV SWBDI

RISER1-1

RISER TAP 1

TISERT oW

RISERI FUSE

THTS™—  AF_BoltedFault 44.397 kA

CHI FUSE

CHILLERI FDR

CHILLER 1

AF_BoltedFault 40.797 kA

TAP 30 RISERI-30
AF BoltedFault 28.209 kA
TAP IO TLUoE

E * PANEL 30A FDR

¢ T30B 3
1 PATEL 30A
AF_BoltedFault 9.513 kA

PNL 30B FDR
PNL 30B FUSE

PNTTTR
AF_BoltedFault 9.742 kA

TRPIATUSE TRE |B FUSE

e

TIB
'

TAP 1A FDR

TRER PNL 1B FDR

TAP 3UA FUSAF_BoltedFault 10.958 kA

PNL 1B FUSE

PNETE
AF_BoltedFault 8.611 kA




Sample One-Line Diagram-AF
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UTIL FDR1

UTIL SPLC BOX
=== AF_ArcingFault 9.749 kA
PRI SVC CBL

MAIN RELAY

MAIN BRKR
12KV MAIN SWGR
AF_Arcingrault .1
FDR1 RELAY
FDR1 BRKR
FDR1
TI1 PRI
L AF_ArcingFault 9.570 kA
Y T1 SEC
=== AF_ArcingFault 23.520 kA
SVCBUS 1
MAINI
LV SWBDI
AF_ArcingFault 23.428 kA
RISER]1 BRKR CHILLER] BRKR
CHILLERI FDR
RISERI1-1 CHILLER 1
RISER TAP 1 AF_ArcingFault 21.795 kA
TAP 1A BRKR TAP 1B BRKR
P
TAP 1A FDR y g TIB
TAP 30 RISERI-30 4
AF_ArcingFault 15.903 kA e PNL 1B FDR
AF_ArcingFault 7.090 kA
TAP 30B BRKR TAP 30A BRER
[P . PANEL 30A FDR
5 TI0B
* PAREL 30A
AF_ArcingFault 6.284 kA
PNL 1B MAIN
PNL 30B FDR Pt
AF_ArcingFault 3.916 kA
PNL 30B MAIN
PN

AF_ArcingFault 13.491 kA

UTIL FDR1

UTIL SPLC BOX
AF_ArcingFault 9.749 kA
PRI SVC CBL

MAIN SW
B MAIN FUSE
12KV MAIN SWGR |
AF_ArcingFault 9.
FDRI SW
FDRI FUSE
FDRI
T1 PRI

NRLL AF_ArcingFault 9.570 kA
R T1 SEC AF_ArcingFault 23.520 kA

SVCBUS 1
MAIN] SW
MAINI FUSE
LV SWBDI =
TISERI o0 CHISW AF_ArcingFault 23.428 kA
RISER] FUSE CHI1 FUSE
CHILLER] FDR
RISERI-1 CHILLER 1
RISER TAP 1  AF_ArcingFault 21.795 kA
TAP IR TUSE TRB |B FUSE
5 IP
TAP 1A FDR g TIB
TAP 30 RISER1-30 I L4
AF_ArcingFault 15.903 kA TRETR PNL 1B FDR
TAPSUBTUSE AP SUR FUSKF_ArcingFault 7.090 kA
P PANEL 30A FDR
L T30B
* PAREL 30A
PNL 1B FUSE

AF_ArcingFault 6.284 kA

PNL 30B FDR

PNL 30B FUSE

pNTTR

AF_ArcingFault 4.271 kA

.

AF_ArcingFault 3.916 kA




Sample One-Line Diagram-AFB

N

UTIL FDR1
—
UTIL SPLC BOX
— AF_Boundary 406.01 inches
PRI SVC CBL
MAIN RELAY
MAIN BRKR
12KV MAIN SWGR
AF_] VS i
FDR1 RELAY
FDRI BRKR
FDRI1
| T1PRI
_ = AF_Boundary 89.78 inches
. T1 SEC
wetein AF_Boundary 308.69 inches
SVCBUS I
MAINI
LV SWBDI
AF_Boundary 163.22 inches
RISERI BRKR CHILLER1 BRKR
CHILLER] FDR
RISER1-1 CHILLER 1
RISER TAP 1  AF Boundary 28.59 inches
TAP 1A BRKR TAP 1B BRKR
TP
TAP 1A FDR [ TIB
TAP 30 RISER1-30 L4
AF_Boundary 18.69 inches hycim PNL 1B FDR
AF_Boundary 6.76 inches
TAP 30B BRKR ' TAP 30A BRKR
F PANEL 30A FDR
. T30B
1 PATEL 20A
AF_Boundary 6.15 inches
PNL 1B MAIN
PNL 30B FDR PNETE
AF_Boundary 108.27 inches
PNL 30B MAIN
PN

AF_Boundary 117.70 inches

UTIL FDR1
\ 4

UTIL SPLC BOX
=== AF_Boundary 816.24 inches
: PRI SVC CBL

MAIN SW

: MAIN FUSE
12KV MAIN SWGR
AF_Boundary 3.T9 inches
FDR1 SW

FDR1 FUSE
FDR1
T1 PRI
IS AF_Boundary 2.88 inches

Tl SEC AF_Boundary 360.35 inches
SVCBUS 1

MAIN] SW
MAINI FUSE
LV SWBDI |
TSERT o0 T THIon AF_Boundary 359.40 inches
RISER1 FUSE CH1 FUSE
CHILLER1 FDR
RISER1-1 CHILLER 1
RISER TAP1  AF_Boundary 24.74 inches
TAPIATUSE TAB 1B FUSE
A i . P
TAP 1A FDR e TIB

TAP 30 RISER1-30 L4
AF_Boundary 197.69 inches ™rn PNL 1B FDR

TAP I TUSE AP TR FUSKF_Boundary 3.86 inches

AP PANEL 30A FDR

P ST3{!B

* PAREL30A

AF_Boundary 3.56 inches PNL 1B FUSE
PNL 30B FDR PN
PNL 30B FUSE AF_Boundary 112.16 inches

PN

IAF_Boundary 118.73 inches




Sample One-Line Diagram-IE

N

UTIL FDR1
A 4

UTIL SPLC BOX
AF_IncidentEnergy 152.63 Calicm”2
PRI SVC CBL

MAIN RELAY
MAIN BRKR

12KV MAIN SWGR
Y e o s e T —

FDR1 RELAY
FDR1 BRKR
FDR1
T1 PRI
A/ L AF_I “nergy 7.46 Callem”2
L T1 SEC
AF_IncidentEnergy 79.15 Callem”2
SVCBUS
MAINI
LV SWBDI
AF_IncidentEnergy 30.94 Cal/em”2
RISER1 BRKR CHILLER| BRKR
CHILLERI FDR
RISER1-1 CHILLER 1
RISER TAP |  AF_IncidentEnergy 2.37 Callom”2
TAP 1A BRKR TAP 1B BRKR
e
TAP IAFDR <TIB
TAP 30 RISER1-30 *
AF_IncidentEnergy 1.27 Callen"2 PR TN PNL 1B FDR
- AF_I nergy 0.28 Callem™2
TAP 30B BRKR ' TAP 30A BRKR
AP PANEL 30A FDR
< T30B
? PATET0A
AF_IncidentEnergy 0.25 Cal/em™2
PNL 1B MAIN
PNL 30B FDR PNTTE
AF_IncidentEnergy 16.90 Cal/lem™2
PNL 30B MAIN

Pt
AF_IncidentEnergy 19.11 Callem”2

UTIL FDR1

UTIL SPLC BOX
=T AF_IncidentEnergy 24.91 Callem”2
I PRI SVC CBL

MAIN SW

MAIN FUSE
12KV MAIN SWGR
AF_IncudentEnergy 11 -allcmy
FDR1 SW

FDR1 FUSE
FDRI1
T1 PRI
L AF_IncidentEnergy 0.10 Callem”2

T1 SEC AF_IncidentEnergy 163.33 Callem”2
SVCBUS 1
MAINI SW
MAINI FUSE

LV SWBDI
FISERTSW

TITSW—  AF IncidentEnergy 162.62 Callem’2

RISER| FUSE CHI FUSE

CHILLERI FDR

RISER1-1 CHILLER 1

RISER TAP 1  AF IncidentEnergy 2.01 Callem”2

TAPTATUSE

TAB 1B FUSE
1P
TAP 1A FDR < TIB
3 e
FUSKF _IncidentEnergy 0.10 Callem”2

TAP 30 RISERI-30

AF_IncidentEnergy 60.98 Callem”2 PNL 1B FDR

i " PANEL 30A FDR
| T30B :
* PAREL 30A

AF_IncidentEnergy 0.08 Callem”2 PNL 1B FUSE

PNTTE
AF_IncidentEnergy 24.06 Callem”2

PNL 30B FDR
PNL 30B FUSE

pNTTR
AF_IncidentEnergy 26.41 Callem”2




Sample Short Circult Study

N

Kkkkkkkkhkkkkkkkk* F A UL T ANALYSTISES S U MMA R Y *k*kkkkkdkdhhkkhhs
BUS NAME VOLTAGE AVAILABLE FAULT CURRENT
L-L 3 PHASE X/R LINE/GRND X/R

12KV MAIN SWGR 12470. 9970.5 7.5 3987.24 7.8

LV SWBD1 480. 44397.3 5.6 44798.68 4.5

PANEL 30A 480. 9512.8 0.6 3415.30 0.5

PNL 1A 480. 10957.8 0.6 5947.18 0.4

PNL 1B 208. 8610.8 2 3 8007.60 2l

PNL 30B 208. 9742.0 2 2 9997.66 252

RISER TAP 1 480. 40797.0 3.5 22031 .34 L 2

Tl PRI 12470. 9857.6 © .3 3562 .22 e |

Tl SEC 480. 44602.0 5.8 46902.50 5.8

TAP 30 480. 28208.8 1.6 5961.59 0.7

UTIL SPLC BOX 12470. 10045.5 8.0 4004.83 8.0
hokkkkkkkkkkkkkkkkxwkx*x FAULT ANALYSIS REPORT COMPLETED * % % % o % & % s ok o ok ok & sk ok ok ok ok ok & ok




Sample Coordination Study

N

CURRENT IN AMPERES CURRENT IN AMPERES

|

1000

B | [MAINRELAY 1000 s
okt RELAY) g ey

T1BE

100 100

'MAINT— " MAIN1T FHSE-

MAIN FUS
T

10 10

T

FDR1 FUS!

_ RISERT BRKR:
I
FDR1 RELAY-

-~ MAIN RELAY—

I T TATT.

T8

IS NN NN NN

IEEEE INNEI NN

SANOO3S NI INIL

O O T

TAB 1B FUS]

i

Ll
|

A,

TAP 1B BRKR
0.10

T.Q Inrush

IIJI[%II']]J
Ll il

'PNL 1B MAIN—>

0.10 TAP 1A FUSH

|

|immnE

|immnE
i T

0.01 0.01

05 1 10 100 K 10K 05 1 10K

COMPOSITE.tcc Ref. Voltage: 480 Current Scale x1012 COMPOSITE.tcc Ref. Voltage: 480 Current Scale x10"2

SANOO3S NI JNIL



Sample Arc Flash Results-1

N

Arc Flasn Evaluation NFPA TOE-2004 Bus Report (80% Cleared Fault Threshold, includa ind. Mators for 5.0 Cydles). mis-coordiraton checkes
Bus  FrotDev o | Trnd | Bresier ] - - =
Protechive Bollec Dev | Delay : Duration | Arc Flzsh | Working | Incident : =
Bus Mame Davice Eﬂ;@? %;daﬁf Faur | ‘S90S | Time Og_ﬁng of Arc | A Type Boundary Distance| Energy R&me;&d Pmlggwe i
Nams (KA} {RAY Tﬁ;t | sec)  sec) feec) {in) {m) | (calicm2) hing Class
1 12KV MAIN SWGR FDR1 125 87 005 005 0083 0000 0083 inBox &3 3600 6338  Caes? B
2 12K MAIN F TR 125  aar 992 g8z o005 0083 (099 nBex G0 3BOT T TE Clessz i
== RELAY i T
& LvsweD CHILLER1 048 4440 121 121 0083 0000 0083 | InBex 6B 18,00 873  Chss3
BREKR
| 5 LVSWBDT WMAINT | 048 4440 4318 1641 0753 0000 G753 | ImBex | 188 | 1500 308 Chss4 (3}
= i - | I | |
- PANEL30A TAP 304 048 251 251 851 o003 0400 001 | inBox 8 18.00 025 Clsso
BRKR
- -
_9 PNL 14 FAPFA | 048] 1028 1085 1086 oot 0000 0 OOT | WmBex | 7 | 18 028  Classi 3
— i a0t | S
11 PNLTE PNCiBT | 021 &s 851 327 z 0000 2 WBex 108 | 1800 168 Class3(3) il
===l WERTN 1 ! | ! I |
12
13 [PHL308 |PrL30B 021 574 374 A70 2 000F 2 mBex 1B 1800 T8 Class3y 1
MAIN
12 T
15 RISERTAP ! RISERT | 048 4020  406C <080 oQLz2 0000 0022 InBex 2% 1aco 23 Class1
[BRER |
16
17 T1PRI AN | 125 gas 005 00s  posr 0000 0082 InBox B2 W00 627 Clase2
18 T1PRI [FDR1 125 938 81 981 0Die 0082 0088 InBox -] 2600 T4  Class 2
45 E : 1 T i 1 t ! | | i ==
20 T1SEC MAINT 043 4250 121 121 ope3 G000 00B2  InBox El 1800 | 197 Class3
21 TisEC FDR1 048 4480 4340 4340 053 000 063 nBox 308 1800 | TEZ  Dangerous!!
] RELAY : : - :
oz (TAP30 RISER1 | 048 221 a2 D72 0f46 000 0048 InBox 11800 T Glass 1 (3
i i AR = | b | |
25 UTIL 5PLC 80X MAIN | 125 1005 005 005 ona3 0000 003 InBox 83 36.00 538  Class2
RELAY : i
28 (Class 1: FR Shirt & Pants | I | i ;\..umauc |
Class 2:Cotion -' [ —E ? |
25 Underwear + FRShitd | | |
Panss | .
C 3 - = - T v 1 T - + -
30 Underwgar + FR Shitd | |
‘Pant + FR Coverall | £ i |
Class 4:Cotion |Device with | | ! =1 NFPA TOE-2004 Bus Repaet.
Undermear + FR Shirt & [80% mmﬂi | | | {80% Clearad Fault
31 Pant~ MultiLayss Flash  Fault | { | Threshold, inciude Ind.
Suit [Threshokt | | | | | Motors for 5.0 Cycles),
i | | . i ! miE-cograination checksd




Sample Arc Flash Results-2

N

Art Flash Evaluation NFPA TOE-2004 Bus Repar (B0% Cleared Fault Thresheld, indude Ind. Metors for 5.9 Cycias), mis-cooedination eneckad
Protactve Tl Dav I Bredker ;Durabnn : ArcFlash Working  Incident
< Bus | Bolled | Balted Delay | Ogpening H Reguired Protective FR
Bus Name Device W | Feui | Faut | SS9 Jms | Time | CfAT A Type Boundary Distncs Energy !
Name | em | Ay l;sg;l {sec) | (sec)  I(sec) {im {in}  (calicmz) Clathing Class.
1 12KV MAIN SWER MAMFUSE | 125 e%7 252 ser opi1 DOBY 0011 inBox K}l 300 088 Class 0
Z 12KV MAIN SWGR FORTIFUSE 125 847 005 D05 o083 0000 0083 inBox 3 AB00 085 Class 0
5 i i | I | | | f
4 LvswsDl CHIFUSE | 0.8 26200 121 +.21 008 0000 | 0O08F | mnBox | &1 18.00 LS K s —
5 LvSwBD MAINT | D28 2120 2318 1841 2 0000 2 imBex | 317 1800 823 | Dangerust! (73)
s 'FUSE 1
_'7_ PAMEL 304 TAP30A D48 051 951 951 0004 ORO0 0004 | mBex | 3 1800 070 |CrassO
FUSE
s I
s TAP 1A | D4E 1088 1098 1096 0004 0000 0004  inBex & 18 012 Classo
iFUSE |
iFuL AB - | 021 881 851 327 2 bone | 2 In Box 108 1800 189 Class3 3
J‘U'SE —_— + - — - - - 0 — e
~ |PNL30B 021 974 974 370 2 00K 2 WBox 118 | 1800 181  Cless3[3)
FUSE
RISERT | 048 4080 4080 1580 112 | 1800 T T Clessapd) §
FORIFUSE 125 085 9@ 881 0ges 0000 0008 | inBex 36 | 3OO0 | 088 Claseo 1
MAINT | 125 686 005 005 0083 Q000 Q083 | inBex 27 | 600 | 085 Casso
FUSE - : T i i T i ; :
20 T1SEC MAINT 048 4467 721 121 0083 0000  0.083  inSok 81 | 1600 111 Classa
i _Ti"siz& lEEﬁ'f‘-msE 048 4—43\: 43.40: 1649 z 0000 Z nBex T | B0 7  pangerousllt (3
| o, (TAP3D RISERT | 048 2821 2821 1072 z 0000 2 InBox 240 1800 546 Dangerousit (3)
FUSE
-_ S | | 1 . i N .
25 |UTIL SPLC BOX MAIN FUSE 125 1905 005 005 0082 0000 0083 inBax 82 3600 838 (Classs
| | I | I
| e UTIL SPLC BOX IMaxTripTime | 12,5 1000 CInBox | 406 | 3600 153 |Dangerous!l! i
26 [
@2.0s
| 57 |Class 0: Unireated Cotton == Al e (*3) - 38% Bolled Fault |
Used as Arcing Fault
28 |Class 1: FR Shirt & Panls | ===t et |
'_2_9 Class 2: Cotton = = = =|
Underwear + FR Shirt &
| B 3 Cotton 3
30 |Underwear + FR Shirt &
Pant + FR Coverall |
~ Class 4: Cotton Device with e NFPA 70E-2004 Bus Report|
Underwear + FR Shirt & | 80% Cleared | (80% Cleared Fault
31 Pant + Mulli Layer Flash | Fault Threshold, include Ind.
Suit Threshold Motors for 5.0 Cycles),
mis-coordination checked




Sample Arc Flash Results-3

N

Arz Flash Evauation IEEE 1534-2002 Bus Report (80% Claared Faull Thresheld, ncude Ind. Metors for 3.0 Cycies), ms-casrdination checked
f 5 Bus  ProsDev | Trigt | Breaker | . : ; : :
| F & | . | - -
Coneg Urwenad | TEEEN® our | S | Galad A Doy Opm o ewp oup SSAED MO S e psonan
Cottan I e Ry Fal | Faull el s | Time ime | [ Type {mmyl g™ TR | caliem?) ing Class
(kA (kA} (kay | fsec)  dsec) |
1 126V MAIN SWGR  FDR1 12.5 : 005  ope ocgs 0000 es SWG 53 31 36 102 Class 0
Z 12KV MAIN SWGR R 125 997 892 982 o0ie 0083 Yes SWG gz 37 38 127 Classt
— BELAY —— ! - -
_4 LV SWBD1 CHILLERT 045 4240 121 0&84 0083 0000 Yes PHL 25 5% 18 58 Ckss2
BRKR
5 LV SWBD1 [MAR 048 4440 4319 1937 054 0000 Yes BNL 2z 148 | 18 30 Chss4rd:
- i . | | | :
; PANEL 304 TAP30A 048 831 851 628 oo 0000 Yes ENL 23] @ 18 02 Clesso
|BRKR
= | I I S EE i ~ |
_g—bhui{ [FAPAK | 045 1086 1095 708 001 0ODY Yes FHL 2| ¢ 18 023 Cmsso N
BRKR
[ 10 S [ R "
| 11 PrLE PHLIB | 021 a6l 861 392 z DODD Yes BNL 25 12 18 247 Ciass 3
| e 021] . | . . | < . i A
=
:3_ 'PML 308 PNL308B | D21 974 ©74 427 2 00N Yes PNL | 25 118 | 18 264 Class 4
| MAIN '
14 - ) ) T T 1 i K N -
s RISER TAP 1 RISER1 D45 2080 4050 2179 pog3 D000 Yes PHL 25 2 18 180 Class1
| BRKR ;
— f=nit - BT =ib} S e
I 7 T1em WA 135 985 a0 004 QB3 0DK0 Yes EWE 1530 31 | & 102 Class D
[1a [T1pPRi FDR1 1125 988 &8t 953 001 D083 Yes SWG 133 W 36 122 Class 1
=7 ‘RELAY ——— - - - - : - -
[ 20 |T1SEC MAIN 048 4480 121 064 0ps3 DD Ves PNL T 25 =3 18 887 Class2 )
Foq | T15EC FDR1 | D48 4450 4240 2288 o8 D050 Yes PNL 25 23 | 18 | B33 Dangerous!l! ]
RELAY |
- o= 1
23 [TAP 30 RISER1 | 048 2827 2821 1580 0031 940 Yes PNL 25 23 @ 18 172 Class 1
BRKR
— _




Sample Arc Flash Results-4

N

Arc Flash Evaluation IEEE 1584-2002 Bus Report (80% Cleared Fault Threshold, include Ind. Motors for 5.0 Cycles), mis-coordination checked

A= TP T 1 _ProtT,,p,« T T e
; Protective | Boited | Boea | 28Y% | pelay | Openi [ ; Arc Flash | Working | Incident ¢ :
Sl g Deves Y Fault | Faut A,{:%;t {'lgg“:%l ﬁ"ﬁglend; Tpe (?nﬂ’)iso?ﬁaw G T ohig G
112KV MAIN SWGR MA?NEUSE% 125 997] 092 8.9 0.01?! 0000 Yes | SWG | I 3 | 018 [Class0('3)
2 12KVMAINSWGR FDR1FUSE 125 997 005 004 0083 0000 [Yes SWG | 153 5 36 018 |[Class0(3)
4 |LVSwBD1 (CHIFUSE | 048] 4440 121 064 0083 0000 Yes PNL |25 53 18 694  Class 2
5 LVSwBD1  |MAINTFUSE 048/ 4440 4319 2279 2 0.000 |Ves PNL | 25/ 388 | 18 163 Dangerous!!
. | | X -+
; PANEL30A TAP 30A 048 951 951 628 0004 0.000 Yes PNC | 25 4 18 0.08  [Class 0
FUSE ; ! -
i i | . ITY
g PNL1A TAPHARRE 048 1096) 1096 7.00| 0.004| 0000 Yes |~ PNL | 25/ 4 18 040 IClass 0 p
; FUSE ' ;
| 10 i ; 1 T
11 [PNL1B 021 861 861 392 2/ 0.000 |Yes PNL [ 25/ 112 18 241 |Class 3
[z _ £
13 |PNL30B 021 974 o974 427 2I 0.000 |Yes PNL s IR 264  [Class 4
) Eiet -, s S |
|15 [RISER TAP 1 RISER1 | 048 40.80 40.80/ 1853 0.031 0.000 |Yes PNL 25| 25 | 18 | 201 |[Class1(3)
— e B s A -
17 TIPRI FDR1FUSE 125/ 986 9081 953 0008 0000 |Yes SWG | 153 3 36 + 010 Class0
18 [T1PRI MAIN1 FUSE| 125/ 986 005 004 0.083 0.000 |Yes SWG | 153 3 | 36 | 011 |[Class0
= adi i el ¢ SO TR e | ik o
20 T1SEC MAIN1 FUSE 4460, 1.21] 064 0083 0000 [Yes | PNL | 25/ 53 8 | 687 |[Class2
21 |T1SEC FDR - 44‘305 4340/ 2288 2| 0.000 |Yes PNL o5[ @3B0 18 163 |Dangerous!ll g
i jTA'P'so 2821 2821] 1352 1.34’éi 0.000 |Yes PNL | 25 198 18 | 610 |Dangerous!ll (‘3)
5i | | | | |
25 UTILSPLCBOX  MAINFUSE | 125 1005 005 004 0083 0.000 |Yes SWG | 153 31 36 | 104 [Classo R




Enforcement

N
N

ENGINEERS
#NEC 2002, Art. 110.16

& California Electrical Code 2004 based on
NEC 2002

= Published early 2005
s Effective 180 days later 2005

EMPLOYERS

#0OSHA 1990 recognizes NFPA 70E as a
national consensus standard




Obligations and Opportunities

N

¥

ENGINEERS
Perform Arc Flash Analysis

EMPLOYERS
Comply with OSHA and NFPA 70E



The End



