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History

#Shock / Electrocution Major Hazard

#Ralph Lee 1982
m ' 1he Other Electrical Hazard: Electric Arc

B
m E
s E

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

# IEEE 1584 Expanded Lee’s Work
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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
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Hazards of Electrical Work

N

# 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

November 16, 2004 IEEE San Francisco IAS 5 of 49
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Photos of Arc Flash Hazard
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Photos of Arc Flash Hazard
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/:30am Nov. 8, 2004 in SF

N

Vaporized
copper
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Arc Flash Hazard Comparison

%

#Steam (water to vapor) (Heat of
Vaporization) at 212° F.

#\Vaporized copper at 5000° F.
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Arc Flash Hazard Comparison

N

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

November 16, 2004
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Flash Hazard Analysis

N

%

#A Flash Hazard Analysis must be
performed before a person approaches
any exposed electrical conductor or
circuit part that has not been placed in
an electrically safe work condition.

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

#Flame Resistant (FR) clothing and
PPE are used by the employee based
upon the incident energy associated
with the task.

November 16, 2004 IEEE San Francisco IAS 11 of 49
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Alternate Methods of Analysis

%

#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.

November 16, 2004 IEEE San Francisco IAS 12 of 49



Definitions of Key Terms

N

#Incident Energy

#Flash Protection or Arc Flash Boundary
#Limited Approach Boundary
#Restricted Approach Boundary
#Prohibited Approach Boundary
#-Qualified Person

#\Working Distance

November 16, 2004 IEEE San Francisco IAS 13 of 49



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
NoventBerdgsigim@f safety signs and labels for application to products. 14 of 49



Sample Label

A\ WARNING

Arc Flash and Shock Hazard
Appropriate PPE Required

56 inch  Flash Hazard Boundary
3.58 - callcm*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




IEEE & NFPA
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IEEE Std 1584™-2002

1584™

IEEE Guide for Performing
Arc-Flash Hazard Calculations

EPLERRR

IEEE Industry Applications Society

Sponsored by the
Petroleum and Chemical Industry Committee

<IEEE

Published by
The Institute of Electrical and Electronics Engineers, Inc.

3 Park Avenue, New York, NY 10016-5997, USA
Print: SH95024

23 September 2002 PDF: $895024

Licensed to Cammisa and Wipf Consuiting Engineers/George Puffett
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NFPA 70E - 2004

V

Energized Electrical Work Permit
#Description of equipment and work
# Justification of why work energized

# Description of safe work practices
# Shock Hazard Analysis & Approach Boundaries

#Flash Hazard Analysis & FP Boundary
#Protective clothing and PPE

# Restriction of unqualified persons
#Job Briefing

#Management approval

November 16, 2004 IEEE San Francisco IAS 17 of 49
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ENERGIZED ELECTRICAL WORK PERMIT

PART I:TO BE COMPLETED BY THE REQUESTER: JebiWaork Ordar Number:

{1) Dascrption of circuitieguipmentijob location:
12KV MAIN SWGR

{2) Descriplion of work 1o be dong:

{3} dustification of why the circui cannot be d o or the work deferred until the next scheduled oulage:

ReuesienTile Diata

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

Check
When
Complate
(1) Detailed job description procedurs 1o be usad in perfarming the above delailed work: r
() Dascription of the Safe Wark Practices fo ba omployad: I
Flash Boundary 37 inch Flagh Hazard 123 callem®? |Working Distance 38 inches
| | !
Shock Hogard 12470 VAC Limited Approach G0 Ineh Glove Class 2
Rustrictod Approach 26 Inch
Prohibited Appreach 7 inch
Racuied PPE Class 1 FR Shirl & Pants
{3} Maans amplayed to reslrict e access of unqualilied prrsons from the work area: I~
{4} Evidence of complation of a Job Briefing including discussion of any job-related hazards: 3|
{5} Do you agres he above described work can b dona safoly? [T¥es  [TNo (It no, return lo requester)
Elecincally Qulified Porsens) Craler
Elacirically Qualified Parsonis) Date

PART lll; APPROVAL(S) TO PERFORM THE WORK WHILE ELECTRICALLY

Malntenance/Enginasring Manager Manuiacturing Manager
Safaly Managor Elecirically Knowladgeablo Person
Ganeral Manager Date

Sample Energized Work Permit

18 of 49
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Definition

%

#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]

November 16, 2004 IEEE San Francisco IAS 19 of 49
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Hazard Category Classification

#Table 3-3.9.1 Hazard Risk Category
= Hazard Risk Category (0 to 4)
= \/oltage 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)

November 16, 2004 IEEE San Francisco IAS 20 of 49



NFPA Table 3-3.9.1

N

Table $3.9.1 Hazard Risk Category Classifieations

o =

Voraded

Task (Assumes Kguipment s Energized, and Work Hazard/ Risk
1% Dane Within the Flash Protection Boundary) Category Gloves

Fanellboards rated 240 ¥ and below - Notes 1 and 3 — =

Circuit breaker (OB o1 fused switch operation with ] N
CAIVER] AL

CB o fused switely opertion with comers off l ™

Wik on energived s, including voltage testing I Y

Remove Sinstall Gls o fused swinchies I ¥

Removitl of holted covers (o expose bare, energized 1 N
[Hars )

Opening hinged covers (to expose Tare, enerjized 0 N
franis
Panelbaards or Switchboards rated >240 V and up o — -
00 ¥ (with molded case or insulated case cireult break-
ers) —— MNotes 1 amd 3

CH or Tused switch operation withe covers on i ™

CB ar Tused switch opention with covers off 1

Waork on eneigizcd pacis, including voltage testing _ ¥
B0 ¥ Class Motor Control Centers (MOCs) < Nodes 2 — -
{exeept as indicated) and 3

CI or fusedd switehoor stner operation with enclosare 0 M
cloors closed

Reading a panel meter while operating a meter switch L ™

Yeratexl
Teaols

N

November 16, 2004 IEEE San Francisco IAS
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NFPA Table 3-3.9.2

N

Table 33.9.2 Proteetive Clathing and Persanal Proteative

Equipment (PP'E) Matrix

Protective
Clothing &
Fouipment Protective Sysiems for Hazard/ Risk Category
Huzard /Risk ~1 ] 1 s ] 4
Category Mmmber  {(Nowe 5
ﬂﬁumm:l Matural — - — — -
Fiber
a T=slivr (sheon- X LY ! x
wleeyed
[s. Slowt [ loonpg- X
sleeve)
oo s {long) b} X X N ! X
(Mo 40 (Note 6)
TR Clothing — — - — —_ =
{Nowe 1)
a Lonpgesleeyve X X b b
sl (Mt )
b Panns X b X X
(Note 4} (Nowe 6} (Note 4)
CoCaowerall i
(Mot B (MNaole 7) (Mo 9 (Mo 5)
. [ickul, ik,
CHF FTIvwes AM AN AN AN
FR Proteotive —_— — - — - —_—
Equipsment
a. Flash suit N
ii.i.:.ki_'!
(layer)
Is, [Flpsdy sunie X

22 of 49
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Protective Clothing & PPE

%

#Untreated Natural

Fiber (not synthetic)

= [-shirt, Long-sleeve shirt, Pants
#FR CIOthlng [by employee per NECA]

= Long-sleeve shirt,
#FR Protective Equi

Pants, Coverall, Jacket

oMment 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

November 16, 2004 IEEE San Francisco IAS 23 of 49



Flash Suit
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Safety Policy

N

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.

November 16, 2004 IEEE San Francisco IAS 25 of 49
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Prerequisite to Analysis

%

#0ne-Line Diagram
#Short Circuit Study
#-Coordination Study

November 16, 2004 IEEE San Francisco IAS
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Concept of Calculation

#\oltage, Current, Time
#"Flash Protection Boundary Calculation”:

N

#®Dc = (2.65 x MVAsr x t)1/2

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

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

November 16, 2004 IEEE San Francisco IAS 27 of 49



Concept of Calculation

N

# \oltage, 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 II, Appendix B]

November 16, 2004 IEEE San Francisco IAS 28 of 49
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IEEE 1584 Calculations

#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

November 16, 2004 IEEE San Francisco IAS 29 of 49



IEEE 1584 Formulas

N

5.2 Arcing current

The predicted three-phise ancing current must be found s0 the operating time for protective devices can e
determmned,

For appliciions with & sysiem voliage under TOU0Y solve the eqealion {1}
b 4, = R GG T Ayt 000G 1 (OD052G &+ 0.3588 1/ (g fyeh - 00304 € (ly fe i1
where

I in the log
A is arcing current (kA
K i5 . 153 for open confiparations aod
b5 0097 For box comfigurmtions
feon badted Gl cusrent for three-phase Faults (symmetrical RMS] (KA}
i’ is system voltape (k)
i is the pap between comiloetors, (o (see Table 41

For gpphemons with a svstem valtpee of 1B00 Y and hgher solve the equation (2.
Iy £, = 00402 - 0983 1y by 2)

The high-voltnpe case makes no disunenon between apen ped box configuntions,

November 16, 2004 IEEE San Francisco IAS
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IEEE 1584 Formulas

N

5.3 Incident enargy

Fursn find the boggy of the meident enerpy nommalized, This equation is based on data normalized for an are
time of 0.2 seeomds and o digtimce from the possible are poant (o the person of 618 mm,

e = Ky K 1081 g d, + 00011 G )
where
[ is meident enerpy (em® ) normalized for time and distance
K is - 702 for open configurations {ne enclogure) and
is -0 555 for box configurations (enclosed equipment)
Foa i o llﬂ[-'.rl!llﬂtll'-'ll amel ipheresiiiance prounded systems and
15 0,113 for grounded systems
6 i the pap berween conductors (mm ) {see Table 4}
Then:
oLy
£, = 10 15}
Finally, convent from normmlized: '
A
E = 4.8 c:',f-;n[-': )[Uﬂ.] (6)
' {2 ot
where
E i ometdenl energy (.!r'u.:m?"]

po i caleulation faclo
LA For voltages above |RV, and
1.5 For voltages ot or below 1EV

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

The other cases are handled similorly.

31 of 49
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IEEE 1584 Formulas

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 '*
|

1 YOI .
= | A [ RACTLE | st || o L]
o, [ 1840 L h[u_z][ Eu ]J (

: i
Tor the Lee mathod: |

November 16, 2004 IEEE San Francisco IAS
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IEEE 1584 Formulas

N

by

where

Iy
i

A
f'l!-l'

h
£

- b4z x Lot [f) -
""'I g E!a

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

00 for veltages above T RV il

L5 far voltiges at or below | kY,

i5 maident onerpy narmalized ™’

is maident energy m Jiem? it the P Ly alistmaze
i5 e (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 proposed ppet!

5.6 Current limiting fuses

Foomulae (or calenlnmg are-Mash coergies for use with current=-limiting Class L and Class RE 1 fuses have
bzen developed, These fomulae were developed based uper testing a1 600N and o distanee af 455 mim
ising one manuficturer’s fuses, The vieiables are as Gallows

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

S n . ]
s ineident energy (Jiem®h

November 16, 2004 IEEE San Francisco IAS
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How to Compute

N

#Slide calculator [from fuse manuf.]

#Look-up Table [from NFPA 70E]

# Spreadsheet using IEEE 1584 formulas,
included with the standard

#-Computer program

November 16, 2004 IEEE San Francisco IAS 34 of 49
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Slide Calculator

Method For Other Type Fu

T ekl amisne the Tl protection bcwdmr and inichant anmrgy for
clppﬁculluns with other fuses, use the equations in IEEE 1584 or
MEEA 70E,

Cireuit Braaker Method Notus:
Mate 91 Th cirull braakes nfometon eoman fram squakens in
IEEE | 584 thot are based upon how circuit breakers operate,
Note 10: Whera the arcing currant is lass than the instanionacus
i seling (1ECE 1504 coleokation mashads), tha velus for incidant
anorgy s = | 00 col fom?,
Note 11t Tha ol for cleeit breakars up o 400 amps b basad
on Molded Case Cireuit Breakers (MCCE) with insanfoneous irip;
for 401-600 amps it is based on MCCEs with elocronic frig units,
cined the et For it bresskars fram 201 up 1o 2000 anmps i besed
an Low Veltage Power Circuit Breakers [YVPCE] with shost time delay
satting of 30 cyches. To detarming the FBF and Incidant enangy for
epp!méﬂ?w withy citbe bpaer elreuit brsskairs o salfings, e ecilions
MNoto Iﬂl The elites Foe eloeiiit braakers i3 bosad wpan divices balag
p::ﬂ cr maintained in aceordance with manulschurars inshruetions
ustry standards. Devices that ors not propery maintoined
cand haslodd mery heve W:Imng e rissulilvg in I\lﬁhar e ielent
Uﬂgl!’

Fie urtlne mvephancslion plicese son the st unclar e Pl Coleuloor

at wwrw:bussmann,com.

o 10 @0 a0 40 B0 G0 7o B B0 fed 110 {20

Flgura 1 Fianh Frofsction Boundary {inchas):
Flash Haxard Analysis hp
Bamnmw ennlinuas ha du :unrJ dm appenlicn huh
W ook G
Safety Tips
1, Plan evary jol ? L tool for the joby
;. A:tr’:apah Ilmmmlnd resslls _ kalnl:ﬂﬂmpmlnl w
. Use proceduras
g, Eunﬁfy Ihchuu:ré o ﬁ) EUI'III'I\IHH rl'lo:muwd
. Ansess people’s mqum s
6, Fr;«ldepunals:hm:lallfmk 12, L) the i
wiark condition 13, Audit these
:R Bussmann

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

Bussmann

The Power to Protect.

Low-Peak® Fuse
Arc-Flash Calculator

AMPS
1-100 |101-200 rﬂﬂl-“ﬂ-ﬂ 401-600
Fuse |MGCB |Fusa| MOGH Fuse| MCCB| Fusa | MoCE
026 270 0256 278 085 2.7 0.26 443

T INSTRUCTIONS!
it 'lﬂ“i'olllll St Current (k&) at Anaw,
36— H Find Low-Fack® Fuse ar Circuit Braaker
ss—"‘ [ of Amp Size in window abeve,
A= kead Are-Enargy in col/cm? ol 18%,

Suggestions for limiting arc-Aash energy or haxard:
1. Utifizo tha mast current-limiting overcurrent proection avmilable.
2. For exisfing fusible systems, upgroda o LOW:PEAK® fuses.
3. Install impecdancagrounded wys ybams when posible,
.l Speci 7 protection far mator cantrallars,
ically maintain and tnst all circuit brackers and other
ri‘luhcnmul devices aceording to manufschurers instruetions,
6. kDe nal resal o eircull breaker or replace fuses unfil the cousa is
I
7. A circuit broakar that has tarruptod o fault should ba axomined
and possibly wwd per manufachire's nsiructicns prier ko baing
put back into sarvice.
8, Be swre oll overcurrent protecive devices have an adequate
nferruphing rafing for thie masxdmum evailable shor-ciruit currant.
9, Do nal (se shor-lime delay mmas an eircuit brackers.
10. For tircuits abave 600 ampa belted pressure switches
with ;huni-lﬁp thind w||f open Ihu switch when o fuse opens.
11. Specify a main en o sarvice. Do nol ulilize the six disconnect
rule fo avold the expense of o main.
12, Uiifize cable limiters on service conducters to limit the arc-fash
anergy for faulis ahood of the main.
13 !}nm:ltltl boads lnko smaller cireults, s much betler ko hiva b
6004\ circuils thean one 12004 circull
1411 uaing sirauil brackers, specify zone-selective-inferkack.
15, Avgidance: Implament Emrﬂlw:i Werk Parmit procedures
raquiring signafure by mong
16, Do a Hash hazard amly:ls iof all aq\alpmem el olfis NEC
110,16 are flash swasrning label, ||\du<||ng incident energy, flogh
lion b v, and shack
17. Install fusible disconnacts within sight of each motor
18. Utilize arc resistance lorc dwlnng} :mbdbguur
19, Uso remote control swilches and cireuil brsakers, ramots confrol

racking, end extended length racking fools,
Shepinmeommntee T Sida | 3 5 Of 49




Example Computer Programs

/
N
W ITa]
SKM Power'Tools"
ELECTRICAL ENGINEERING
A Mew Milestone SOETARE
DAPPER™ .Iﬂ.rc Flash Eﬂ;_lgﬁtirl;
EEE 1584, NFPA TOE.
Load Analysis & ; f ‘
Equipment Sizing & OSHA Compliance
Load Flaw & Voliage Drop - ’
Paniel & MCC Sthedules Equipment Evaluation
Shorl Circuit v .
(ANSI, IEC 60909/51363) Grotnd Grid Design
= ' e CAPTOR™ Distribution Reliability
Integrated Solutions... Slbnids il SR
...for Power Systems D
= i I]istrihut}fm lfffa_nﬂgcmnt
Divica Ceordination (ST GG BCADA Inleracs TS5 = Transient Motor Starting.  System, Real Time
Frmﬂis'ﬂel--‘d-'-}:m ﬂ— Errm":ffmm_-,-:rnuw- " ) Monitoring & Modefing,
Shact-Ciicut Load Flow Advanced Monitoring I*5IM —Transient Statility State Estimation,.
! 07 B L Nsbr-zamt & Urémiarene: ::;]w el i wi Clistom Models Optimal Power Flow
. +Tirne Shmuiation
W Ciptimal Power Flow Dot | Cipatrptr dawataron HIWAVE - Harmonic
Opoimal Capacitor Placement  Wind Pawar Systaims Analysis & Filler Dozign Motor Parameter Estimation,
A TN Fekability Assossment P e ¥ Cahie/Transmission
Harmonic Analyats Triritlont Bta tedhge hiciing Cable=30 Pulling Line Calculators
Controf Sysiems gmuﬁiwu%ﬂ!
oe S0 Gronnd Grid L i % ﬁ ;1 I ] E ! a
|..-au;5r-:5.::-.1-»r Pt n:r: Firi rmigwm E[aﬂ.ﬂﬂm E@p [I[] : i i .| [ ': el G[Em L oL m l L} I
Baltary Systams Lo & Cabde Systems e e L —_—

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

Systems Analysis, Inc.
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Sample One-Line Diagram-BF

N

LV SWBDI1

UTIL FDR1

UTIL SPLC BOX
AF_BoltedFault 10.045 kA
PRISVC CBL

© MAINRELAY
MAIN BRKR

12KV MAIN SWGR |
AF-Bonearaunt0.0/0 kA

‘[ - FDRIRELAY

’\j,‘ ﬁ FDR1 BRKR

‘

. FDRI

T1 PRI
TP-'I'I"—'_ AF_BoltedFault 9.858 kA

T1 SEC
AF_BoltedFault 44.602 kA

SVCBUS 1

[ MAINI

RISER1 BRKR

RISERI-1

RISER TAP |

y AF_BoltedFault 44.397 kA
! CHILLER1 BRKR

T CHILLER1 FDR
I

CHILLER 1

AF_BoltedFault 40.797 kA

J

’ TAP 1A BRKR

TAP 30 RISER1-30
AF_BoltedFault 28.209 kA

' TAP 30B BRKR / TAP 30A BRKR
AoLP PANEL 30A FDR
g T30B E
! PAREL 30A
AF_BoltedFault 9.513 kA

PNL 30B FDR
' PNL 30B MAIN
o

AF_BoltedFault 50.122 kA

AF_BoltedFault 10.958 kA

| ! TAP 1B BRKR
A P
TAP 1A FDR o ~*:rs~T1B
" PNL IBFDR
! PNL 1B MAIN
PNETE™

AF_BoltedFault 8.611 kA

UTIL FDR1

UTIL SPLC BOX
AF_BoltedFault 10.045 kA
PRI SVC CBL

MAIN SW

MAIN FUSE

FDR1 SW
FDRI1 FUSE
FDRI1

T1 PRI
AF_BoltedFault 9.858 kA

T1 SEC AF_BoltedFault 44.602 kA

< SVCBUS 1
1T MAINISW
MAIN1 FUSE
LV SWBD1 H
RISERTSW 1 CHTSW AF_BoltedFault 44.397 kA

#‘ RISER1 FUSE lj:‘ CHI FUSE

¢ CHILLERI FDR

RISERI-1 CHILLER 1

RISER TAP 1  AF_BoltedFault 40.797 kA

ﬂ TAP TATUSE TAB 1B FUSE
¢
TAP 1A FDR o $;5 TIB
TAP 30 RISER1-30
AF_BoltedFault 28.209 kA PRE A © PNL 1B FDR
Jm’ TN TUSE ‘ j AP IUA FUSKF BoltedFault 10.958 kA 1
aute PANEL 30A FDR |
= g T30B
PARET30A |
AF_BoltedFault 9.513 kA % PNL 1B FUSE
< PNL30B FDR pNTTE™
[ PNL30BFUSE AF_BoltedFault 8.611 kA
=
PNT30B

AF_BoltedFault 9.742 kA
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Sample One-Line Diagram-AF

N

UTIL FDR1
UTIL SPLC BOX
AF_ArcingFault 9.749 kA
< PRI SVC CBL
L - MAINRELAY
MAIN BRKR
12KV MAIN SWGR |
AFATCINErault 0077 KA
; FDR1 RELAY
FDR1 BRKR
T FDR1
1 T1 PRI
TT AF_ArcingFault 9.570 kA
T1 SEC
AF_ArcingFault 23.520 kA
SVCBUS 1
T MaN

LV SWBDI1 ;

AF_ArcingFault 23.428 kA

) RISER1 BRKR ) CHILLER1 BRKR

CHILLER1 FDR

Y

RISER1-1 CHILLER 1
RISER TAP1  AF ArcingFault 21.795 kA
I I
| TAP 1A BRKR ) TAP 1B BRKR
1 ol
¢ TAP1AFDR o \;réTlB
TAP 30 RISER1-30 5
AF_ArcingFault 15.903 kA ¢ PNL IBFDR
L= AF_ArcingFault 7.090 kA
TAP 30B BRKR | ' TAP 30A BRKR
Al . PANEL 30A FDR
g T30B 2
T PARET30A
AF_ArcingFault 6.284 kA
- PNL 1B MAIN

PNL 30B FDR

' PNL 30B MAIN
P
AF_ArcingFault 13.491 kA

P!
AF_ArcingFault 3.916 kA

UTIL FDR1

UTIL SPLC BOX
AF_ArcingFault 9.749 kA
PRI SVC CBL

MAIN SW
£ MAINFUSE

12KV MAIN SWGR l:
AF_Arcinglault 9.

. FDRISW
ﬁ FDRI1 FUSE
¥ DRI
&
1 T1 PRI
Al L AF_ArcingFault 9.570 kA
T1SEC AF_ArcingFault 23.520 kA
SVCBUS 1
MAINI SW

4 MAINI FUSE
LV SWBDI H
1z KISERKT SW

TS AF_ArcingFault 23.428 kA

% RISER1 FUSE j CH1 FUSE
‘ CHILLER1 FDR

RISER1-1 CHILLER 1
RISER TAP1  AF ArcingFault 21.795 kA
ﬁ TAP 1A FUSE lj TAB B FUSE
1 Te
" TAP IAFDR L~ TIB
TAP 30 RISER1-30
AF_ArcingFault 15.903 kA £ PNL 1B FDR
E APSUBTFUSE ™ TAP 304 FUSBF_ArcingFault 7.090 kA T
4
aull © PANEL 30A FDR
vy s TI0B £
| PANEL 30A
| AF_ArcingFault 6.284 kA PNL 1B FUSE
- PNL 30B FDR P
& PNL 30B FUSE AF_ArcingFault 3.916 kA
PNTITR

AF_ArcingFault 4.271 kA




Sample One-Line Diagram-AFB

N

UTIL FDR1

UTIL SPLC BOX
AF_Boundary 406.01 inches
PRI SVC CBL

MAIN RELAY

MAIN BRKR

Lo FDR1 RELAY
FDR1 BRKR
FDR1

T1 SEC
AF_Boundary 308.69 inches

T1 PRI
AF_Boundary 89.78 inches

SVCBUS 1
1 MAINI
LV SWBDI )
T N AF_Boundary 163.22 inches
' RISER1 BRKR ) CHILLER1 BRKR
¢ CHILLERI FDR
. RISERI-1 CHILLER 1
RISER TAP 1  AF Boundary 28.59 inches
T
) TAP 1A BRKR ) TAP 1B BRKR
P
TAP 1A FDR ¥ ;;VSTIB
TAP 30 RISER1-30 - '
AF_Boundary 18.69 inches § PRL 1A ¢ PNL 1BFDR
" . AF_Boundary 6.76 inches
TAP 30B BRKR ' TAP 30A BRKR
AulP | PANEL 30A FDR
o g T30B £
- PARET30A
| AF_Boundary 6.15 inches .
T ! PNL 1B MAIN

PNL 30B FDR

' PNL 30B MAIN
P
AF_Boundary 117.70 inches

p
AF_Boundary 108.27 inches

UTIL FDR1

UTIL SPLC BOX
AF_Boundary 816.24 inches
H PRI SVC CBL

1 MAINSW

LJ_-I MAIN FUSE
12KV MAIN SWGR
AF_Boundary 5.T9 inches™ |
FDR1 SW
/

FDR1 FUSE

FDRI1

T1 PRI

AF_Boundary 2.88 inches
T1 SEC AF_Boundary 360.35 inches
SVCBUS 1

f MAINT SW

J:l MAIN1 FUSE

LV SWBD1
RISERTSW CHITSW AF_Boundary 359.40 inches
RISERI1 FUSE CHI FUSE

.

CHILLERI FDR

[TH

RISERI-1 CHILLER 1
1
RISER TAP 1 AF_Boundary 24.74 inches

TAP 30 RISER1-30
AF_Boundary 197.69 inches

- TAP IATUSE

E TAB 1B FUSE
P L

P

TAPIAFDR /4TIB

B - PNL IBFDR

TAP 0B TOSE—TAT 0% FUSBF_Boundary 3.86 inches

P b
s T30B

=

AF_Boundary

PNL 30B FDR
PNL 30B FUSE

PN

AF_Boundary 118.73 inches

PANET0A

PANEL 30A FDR

3.56 inches PNL 1B FUSE

P
AF_Boundary 112.16 inches




Sample One-Line Diagram-IE

N

LV SWBDI1

UTIL FDR1

UTIL SPLC BOX
AF_IncidentEnergy 152.63 Cal/cm”"2
! PRISVC CBL

MAIN RELAY

)

MAIN BRKR

12KV MAIN SWGR |

FDR1 RELAY
: FDR1 BRKR
,L FDR1
T1 PRI
AF_IncidentEnergy 7.46 Cal/cm”2

T1 SEC
AF_IncidentEnergy 79.15 Cal/cm”2

SVCBUS 1

I MAIN1

T
) RISER1 BRKR )

1 :
i |
|
|
|

AF_IncidentEnergy 30.94 Cal/cm”2
CHILLER1 BRKR

CHILLERI FDR

I,
RISERI-1 CHILLER 1
| RISERTAP1 AF IncidentEnergy 2.37 Cal/cm™2
T
/ TAP 1A BRKR | ' TAP 1B BRKR
T 3
oL
TAP 1A FDR ‘VSTTB
TAP 30 RISER1-30 [
AF_IncidentEnergy 1.27 Cal/lem2 TRETE PNL 1B FDR
T Py AF_IncidentEnergy 0.28 Cal/cm”2 T
' TAP 30B BRKR i TAP 30A BRKR |
TP PANEL 30A FDR |
. < T30B
! PANEE30A
| AF_IncidentEnergy 0.25 Cal/cm”2
| )
PNL 1B MAIN
© PNL30B FDR PNETE
| AF_IncidentEnergy 16.90 Cal/cm”™2
' PNL 30B MAIN

P
AF_IncidentEnergy 19.11 Cal/cm”2

November 16, 2004

UTIL FDR1

UTIL SPLC BOX
AF_IncidentEnergy 24.91 Cal/em”2
: PRISVC CBL

MAIN SW

& MAINFUSE
12KV MAIN SWGR |
AF_IncidentEnergy 0. aljcm

. FDRISW
ﬁ FDRI FUSE

1
FDR1

T1 PRI

AF_IncidentEnergy 0.10 Cal/cm”2
T1 SEC AF_IncidentEnergy 163.33 Cal/cm”2
SVCBUS 1

1 MAIN1 SW

/
MAINI FUSE
LV SWBD1
RISERTSW CHI SW AF_IncidentEnergy 162.62 Cal/cm”™2
RISERI FUSE 4 CHI FUSE
CHILLER1 FDR
(Y
¢ RISERI-1 CHILLER 1
RISER TAP 1  AF IncidentEncrgy 2.01 Cal/cm™2
o TAP 1A FUSE E TAB 1B FUSE
TAP 1A FDR T1B
TAP 30 RISER1-30 e4
AF_IncidentEnergy 60.98 Cal/cm*2 ¢ PNL IBFDR
LTAP JOBTUSE ﬁAP 3UA FUSKF _IncidentEnergy 0.10 Cal/cm”2 i
fr ! PANEL 30A FDR

PARETS0A

: T < T30B
AF_IncidentEnergy 0.08 Cal/cm”2

’1\‘ PNL 1B FUSE
|
PNTIE

AF_IncidentEnergy 24.06 Cal/cm”™2

PNL 30B FDR
i‘] PNL 30B FUSE
PNTI0R
AF_IncidentEnergy 26.41 Cal/cm”2
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Sample Short Circuit Study

N

kkkkkkkkkkkxkkkk* T A U I T ANALYSTIS S UMM A R Y *%%okskskkokskxokskskkk
BUS NAME VOLTAGE AVAILABLE FAULT CURRENT
L-L 3 PHASE X/R LINE/GRND X/R

12KV MAIN SWGR 12470. 8970..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 w8 8007.60 2:1

PNL 30B 208. 9742.0 2, s 9997 .66 242

RISER TAP 1 480. 40797.0 3.5 22031.34 L2

Tl PRI 12470. 9857.6 6.3 3962.22 7.1

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

Kok kk kKA k kK kk Ak Ak kxkk* FAULT ANALYSIS REPORT COMPLETED ** % % % % % o % ok % ok % & s & ok ok k k&

November 16, 2004 IEEE San Francisco IAS
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Sample Coordination Study

N

CURRENT IN AMPERES CURRENT IN AMPERES
L A \ R [ MAIN RELAY — 1O e T T
‘ i [FDR1 RELA ! 1B ‘\\ \
| \ LA I TR} WARY
T1BHE i R WE Y
il i \ ] | | \
00 A\ \(\ \ | LHH 100 % | \
SNV E e H—— ! \\
W E N NN ] i ‘ \ \
‘ \ \‘\1 \\ i \
MAINT: e N\ | | MAINT FYSE \ \,\
ik mE \ " MAIN FUS \ ' L
10 B R j = 10 e \ : s
e NN - "Z” : | \Y ‘;\\
'RISER1 BRKR—}it v = FDR1FUS ——=r \\ \‘ 1
e IR
(TTTIE REEE A ‘
DR1 RELAY-—f= l k@ e
1 VIAIN RELAY S N @ 1 RISERTFD
| - 0 u
i : \ TAB 1B FUSHE—
oo L TAR 18 BRith—4 TXJInrdst i I :
: — = B | ‘ B .
A i
Hi Al T T
001 LU 1 L1 i il 0.01 LI | 1 W W
05 1 10 100 1K 10K 05 1 10 100 1K 10K

i<
COMPOSITE.tcc Ref. Voltage: 480 Current Scale x1072 1€l COMPOSITE.tcc Ref. Voltage: 480 Current Scale x10/2

SANOD3S NI INIL



N

Sample Arc Flash Results-

Asc Flasn Evaiuation NFRA FOE-2004 Bus Reporn (50% Cleared Fault Threshoid, include ind. Moters for 5.0 Cydes). mis-coordinaton chacked

Prot z
& Bus Fret Dev Trid  Brezier 2 | i X
Protective Dev I £ Durztion Arc Flzsh | Working | Incident % =
< Bolted = Boilec : Openi [ 4
Bus Name Davice Bﬁ? Faull  Fault ",‘_—r‘:m Tine Tme© OTAIC | acTyps Boundsry Dstance Enengy Rmc';ﬂm; ‘ggls? 5
Mam= KA} KA ¢ﬁ;t | fsec) | fsec) | feeS) {in} {m) | {(calicm2)

1 12KVMAINSWGR  FOR 125 @87 005 005 09083 CO000 0083  inBox @3 3800 634 Cizss2 )
T2 1260 MAIN SWGR TR 125 &7 992  gs o1 0083 0099 nBox 90 3800 755 Clessz i
== RELAY :

. Lvswem CHILLER1 048 440 121 121 0083 0000 | 0083 | InBex = 6B 1800 873  Chss3

= BRKR
5 MAINT | 048 4440 4318 9641 Og53 0000 U753 IaBex | 3 W 309 Cassi{m 00
PANEL 304 TAF 304 048 251 251 851 oo 0.000 0.0 In Bex B 1500 025 Chsso
BRKR
- ==r
g [PHL1A TAP 1A 048 1085 1085 1086 001 0000 00T | IWnBex | 7 1800 028 Cassq o
— (B | 4
11 PNLIB PRNLiB | 021 @51 851 327 z 0goo 2 Ingox 108 1800 168 Class3 (3 i
=== SAATN 1 ! | ! !
12 |
13 |PHLE0S |PNL 308 02§72 574 A70 2 0000 2 mBox M6 1300 181 Class3y
M
12 |
45 RISERTAP [RISERT | 48 40820 4080 2080 0Oz 0000 0022 InBex 2% 1300 237 Class1
[BRKR |

16
17 T1PRI MAINT 125 GE6 G05 005 0082 000D 0082  InBox &2 2600 827  Class2

18 T1PRI [FDR1 125 %85 81 0@ 0Dl 0083 008  InBox %0 800 T45  Class2
35 ) ! i3 i ] i I SRE

20 71 SEC MAINT 043 4450 121 121 0083 UOE 0082 InBmx & 1800 | 141 Class3
1 TiSEC [FDR1 048 4480 4340 4340 0353 0050 063 InBox 308 1800 | 722 Dangeroust!
= RELAY .
o5 TAPI0 RISER1 | 048 2821 2821 D72 0046 00X 0048 InBox 14 1800 TE Class 13
i e !
25 UTIL SPLC BOX MAIN 125 1005 005 005 0023 00X 0081 InBox 83 36.00 838 Clssz
RELAY i

2B Class 1: FR Shirt & Panis I . . i ;l.l.illull i
"~ Class 2:Coltea [ = a ! =

28 Underwear + FR Shirt & { | | |

|Panss | ; ;
Class 3: Cotten = = [ ' I £ =

30 Underwgar + FR Shirt & | |

Panz + FR Covesall £ | | !
Clacs4:Cotton  [Devicewith | | i |NFPA TOE-2004 Bus Repact|
Underwsar + FR Shirt & 80% Cleared | | | {20% Clearsd Fault
31 Pant~ MultiLayss Flash [ Fault | { { [Threshold, ncude lnd.
Suit Threshokd I | | Mators for 5.0 Cycles),
| i

lnis—com!‘iﬂﬂm chesked
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Sample Arc Flash Results-2

N

I T
| |
Breaker Durati

0.003

| Opening | tion -

Tm;‘g | of AT Are Type
(sec) | (sec)

D000 oo In Boo
0.000 0083 InBox
GUG0 | G083 | inBox |
1.000 2 | InBex |
0000 | 0004 | mBex |
0000 0.004 InBex
ooos 2 In Box

00 | 2 | inBax
¢ T inBox
Q000 0008 | InBex
G000 @083 | inBox
0060 0083 inHox
0.000 Z2 | InBox
0.000 2 InBax

In Box

ArcFlash Working  Ingident ; :
Boundary Distancs FEnergy  equired Protechve FR
{in) {in)  icalicm2) Liothng Clees

ki 34,00 085 Class D
3l 35,00 0B%  Classo
al 18.00 0 Cizssa
37 18.00 823 Dangercusl! (3
2 1800 00 Crass0
2 1800 012 classo
108 18.00 188 classia
118 L I = Class 3 *3)
112 TEO0 | 77 Class 3 ['3)
26 36.00 083 Class0
27 36.00 085 Casen
T8 | e | 11 Classa
FT | 1800 822 Dangerousit {3}
240 1800 545  Dangerousit(3)

Arc Flash Evaluztion NFPA TOE-2004 Bus Report (B0% Clesred Fault Threshald, indude Ind. Motors for 5.0 Cyclas), mis-cooedinalion enecked
I | Prot 5
% | Bus |ProtDev Trip/
PIOISCHE | gus | Bolled | Bolled | anovg  Deay |
Buis Name Ng;:: o Faut | Fault ke Time
|t | wA | R | (sec)
1 12KV MAIN SWGR MAMFUSE | 125 067 582 882 0011
21KV MAIN SWER FORTFUSE 125 G687 005 005 0083
—~— | i i
4 LvsSweD1 CH1FUSE 028 <2220 121 321 0083
3 Lv5SWBD1 MAINT 048 2440 2318 1841 2
. ‘FUSE |
; PANEL30A [TAP3GA D048 951 951 851 0004
FUSE
s ;
g PHL1A TAPIA | 048 1085 1095 1096 0.004
lFUSE
o ==E
11 PNL1E BNETB | o1 &s1 &St 327 2
12 FUSE
13 PHL3E PNL30B | 021 74 370 2
[FUSE
T 2=~
15 RISERTAP 1 RISER1 | 048 2080 4030 1550 0448
| -daall e 1 i !
16
17 T1PRI FDRIFUSE 125 028 981 281 0008
18 TiFRI MaINT | 125 888 005 005 0083
ECE “FUSE 1 1 T T
20 T1SeC MAINT 4B 4460 121 121 o.083
| 21 T1SEC lﬁiﬁ'f"— FUSE| 048 4460 4340 1649 2
| .y TAPSD RISERT 048 2831 2821 1072 2
FUSE
i | | 1
4
25 |UTIL SPLC 20X MAIN FUSE |

Dangerous!!!
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Sample Arc Flash Results-3

N

Arc Flash Evaiuation IEEE 1534-2002 Bus Report (80% Cleared Faull Theesheld, include Ind. Motors for 3.0 Cycies), mes-coondingtion checked
[ : Bus | ProtDev | Tripd | Brecker | | | ; :
| Probeciive | o | Arc Flash | Working  Incident : .
Clase 0: Untrealed | mon”  Bus  Baolled | Bollad | 5. | Delay  Opening Equip | Gap | gy | Bista Fnerny  Required Protective FR
Cation ! Wy Fait | Fault 2 | Tme  Time |Gound | Joos | iy DOUncary | Bistance & Cicthing Cl
S (AY | M) | peay | feec) | feec) o [ Ty || (eatiom) S
1 12KV MAIN SWER FDR1 125 257 005 004 oo G000 Yes SWG sz 31 36 102 Class 0
Z 12KV MAIN SWGR  RRsitY 125 o8 992 952 o006 0083 Yes SWG g5z At 36 T2 Classt
— = RELAY - -
_4 LV SWBD1 CHILLER: 048 4240 121 oss gos: 0000 Yes FRL 23 53 18 853  Cless2
SRER
5 LV SWBD1 [ 048 4440 4318 4537 D54 0000 Yes =ML Z5| 48 | 18 | 370  Clssa(®
- i : i i _ | :
- PANEL30A [TaPz0a 048 231 851 gza  oon 0000 Yes PRL | 23] & 8 020 Chsso
BRKR
s I | i S B NI |
_9_'biiaL1£ [fAP41& 048 1036 1095 705 D01 000D TYes FML = 7 18 023 fassd B
BRKR
10 . | I 1 ]
| 11 |PNL1B PNCIB | 021 861 B61 382 z 000D Yes BNL T 25 T2 18 281 Class 3
E= s | | ! i | | | B o I
1z
;; | PHL 308 PNL3DE | 027 974 a74 427 20 0000 Yes PHL z5 118 12 284 Class4
| MAN
14 o o i i T T i B i 5 - ]
= |RISER TAP 1 RISER1 045 20800 052 2179 Doz3 DOND Yes PHL 725 2 12 180 Class1
. BRKR ;
et =t B ik EE| deode oo o
17 T1pPmR MAAINA 125 986 005 004 0083 0000 Yes SNG sz EH 102 cClass0
[ 18 [T1PRI FDR1 1128 986 &1 053 0018 D053 Yes SWG 153 97 36 122 Class 1
T .Rm\r —=| i 4 i L H i H
[ 20 [T1SEC MAINT a8 #4560 121 064 0083 000 T PHL 25 = 18 B8 Class 2
" oy [T1SEC FOR1 | 048 480 4340 2288 0099 0050 Yes PNL 25 2% | 18 E23  Dangerous!! ]
RELAY |
| T ] j
23 |TAP3D RISER1 | 048 2821 28z 1580 0031 Y00 Yes PHL 25 23 18 172 Class 1
BRKE
_— I
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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 checke:

~ Cotton

;Clas,slioiz't;)‘ntreated

Lt
| 2

Time

(sec) | (sec)

~0.000

d

h | Working

(in)

|
ry Distance

|

“

Ini

Energy
(callcm2)

m_,{, 4

V ’Clas's 0

~Clothing Class

e ]

November 16, 2004

12KV MAIN SWGR 0.017 (*3)
§12KV MAIN SWGR 0.083/ 0.000 |Yes ~SWG | 153 36 0.18  Class 0 (*3)
CH1FUSE | 048  44.40 1.2 0.64| 0.083 0.000 |Yes PNL 25 93 18 6.94  Class 2
SE 0.48|  44.40) 4319 2279 2| 0.000 |Yes PNL 25 359 18 163 |Dangerous!!
0.48 9.51 9.51 6.28) 0.004| 0.000 |Yes PNL 25 4 18 0.08 |Class 0
0.48| 1096  10.96 7.09 0.004 0.000 |Yes PNL 25 4 18 010  Class0
0.21 8.61 8.61 3.92 2| 0.000 |Yes PNL 25 112 18 241 [Class 3
0.21 9.74 9.74 4.27 2| 0.000 |Yes PNL 25 19 18 264 [Class 4
048  40.80] 40.80| 18553/ 0.031 0.000 |Yes PNL 25/ 25 18 2.01  [Class 1 (*3)
12,5 9.86 9.81 9.53| 0.008| 0.000 |Yes SWG | 153 36 010 Class 0
12.5 9.86 0.05 0.04| 0.083] 0.000 |Yes SWG | 153 36 011 |Class 0
048] 44.60 1.21 0.64| 0.083| 0.000 |Yes PNL 25 53 18 6.97 |Class 2
048 4460 4340, 22.88 2| 0.000 Yes PNL 25/ 360 18 163 |Dangerous!!!
048  2821| 2821 1352 1.346 0.000 |Yes PNL 25 198 18 61.0  |Dangerous!!! (*3)
|UTIL SPLC BOX MAIN FUSE | 125/ 10.05 0.05  0.04 0.083 0.000 [Yes SWG | 153 31 36 104 |Class 0
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Enforcement

N

%

ENGINEERS
#NEC 2002, Art. 110.16

#-California Electrical Code 2004 based on
NEC 2002

= Published early 2005
m Effective 180 days later 2005

EMPLOYERS

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

N

%

ENGINEERS
Perform Arc Flash Analysis

EMPLOYERS
Comply with OSHA and NFPA 70E
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N

November 16, 2004

The End

IEEE San Francisco IAS
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