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FREFACE :

We have learned much about electrical hot work safety in the
course of writing this book. An attempt has been made to describe
the moszt recent inFormatiDﬁ while at the same time set out tried
and proven practical concepts. Situations taken from individual
experiences are described. Details of an established, -successful
electrical hot work safety program tpat has been developed for all
personnel who work in an area influenced by the presence of
energized electrical egquipment are presented. A focus is directed
toward general features of philosophy and controls that when
practiced on a regular basis will lead proponents into the
awareness and discipline needed to safely perform the electrical

hot work.

Altﬁcugh the expected prime readership will be plant electrical
engineers, electrical specialists and those safety and health
engineers interested in electrical hot work safety, the book will
also be useful to production and management supervisors who must
=et policy and audit performance of work under potentially
hazardous electrical work conditions., We must emphasize that an
overall electrical hot work safety program for industrial concerns
is not designed for any bare hands live line work. It is the intent
" 4o study alternatives such as planned de—energization for repair
and replacement. However any electrical equipment should
be considered "hot" until proven otherwise. The process of
switching out of service, tagging and lechking out, checking and
testing for isolation, and de-energizing by application of

temporary grounds should be handled as electrical hot work.
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CHAFTER 1

I NTRODUCTION -

The Electric Hot Work Safety Frogram was initially designed
for all persons working in or on plectrical eguipment in a world
ecale polyethlene plant. It was déveloped to provide those people
with an awareness of the potential hazards from touching exposed
@lectrically energized components and to instill discipline of safe
work practices in those people who are required to occasionally
perform electrical hot work. The program has since been
successfully applied to numerous industrial 4acilities both in the

United States and Canada.

The Electical Hot Work Safety Frogram brings ewisting
=tandards, electrical codes, regulations and good work practices
together with basic safety principals and interprets them in a
practical way. The program shéws that through the use of electrical
hot work standards and specific electrical hot work procedures,
electrical shock and electric arc flash hazards can be eliminated
gr controlled. It stresses that Dﬁly qualified personnel, wearing
approved personal protective equipment and using approved test

equipment and live line tools perform electrical hot work.

The Electrical Hot Work Safety Frogram is not designed for
hands on livé line work, it is designed.+ar an intergrated
electrical system in a continous process facility where every
alternative ie investigated before electrical hot work is
authorized; ie: electrical circuits are switched out of service,
tagged and locked open, aré checked and tested for isolation and

are de — energized by the application of temporary grounds.
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The majority of electrical hot work performed in the world
scale polyethlene plant used as an example in this program is from
the testing of circuits for iseolation, using approved topols to
check for‘isolation, and from the application of temporary grounds

on the isplated circuits.

Using the program, all Eircuits are considered hot until:

* THE CIRCUT HAS BEEN SWITCHED OUT OF SERVICE;
* TAGGED AND LOCKED OFEN;

* CHECKED FOR ISOLATION:

* TES+ED FOR ISOLATION; |

* DE~ENERGIZED BY THE AFFLICATION OF TEMPORARY GROUNDS

ON THE ISOLATED CIRCUITS.




CHAFTER 2

INSULATION "BREAKDOWN

Most electrical systems rely on multigrade series insulating
systems to maintain their electrical intagrity?ijchanges in the
characteristicrs of one o+ more of the insulating mediums often lead
to a deterioration which can result in arcing and/or flashover

between phases or between phase and ground.

Most imsulation failures are contained within the equipment,
with the failed component being quickly removed from the system by
circuit protection; ie: fuses, reiays and/or circuit breakers. The
failures we are primarily concerned with are those directly
involving personnel that have the potential of electrical shock or

electrical arc flashburn. e.g.:

Failure involving personnel in the fault current path

s
Lt

or in close proximity to the arcing fault when they are
working on or near exposed electrically energized
componentes:

Summary of Incident

Electrical arc flash generated during 15 kv phase
check.

Details of Investigation

In 1983 during a " routine " phasing check on a 15 kv
service in a petro-chemical complex in Ontario, one man
was fatally hurned and three men were severely burned.
The phasing check was made across an open 15 kv fuse
disconnect switch by electrical persénnel‘highly

respected in'their field of work. The tool used teo




perform the check was a Fhasing Voltmeter/Fotential Indicator

for use on semi;ccnductnr shield/or capacitive'test voltage
points, and was clearly marked "DO NOT USE ON ENERGIZED FARTS".
The application of this phasing tool was misunderstood. When the
tool contacted the live terminals inside the cell the lead between

the two probes vapourized and a three phase fault developed.

b Failure during switching, operation:

Summary of Incident

Switchgear flashed when disconnect was closed.

Datails of Investigation

A plant operator.was in the process of closing a
disconnect switch on a 480 volt motor startar when it
faulted and flashed. The operator who was wearing ALL
the trequired protective equipment stood to one side of
the switch and turned his face away from the starter
during the switching operation. The energy released by
the fault blew the starter door open. The electric arc
flash released by the open door burned the equipment
facing the faulted starter and scorched the operators
protective gloves with molten matal. The operator was

not injured.

The changes that effect the electrical integrity of an
insulation system can be the result of many causes. For example
mechanical failure, contamination, thermal failure or, as in the

case of an air insulating medium, by a reduction of the
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air gap between phase and ground. ‘Air is used extensively as an
insulating medium. Dry.-air has better insulating qualities than
moist air. Typically, dry air, at 20° degrees Celcius (68°F) and
760 mm (29.92 inches) Hg, atmospheric pressure between small
diameter (2 centimeters, .79 in;hes)~electrodes spaced 1 centimeter
{.395 inches) apart will break down at approximately 5000 Volts.
Moist aitr will reduce the level of breakdown voltage. Increasing
the Volts/CM, Volts/Inches ratio by either increasing the voltage
across the electrodes or reducing tée air gap between the
electrodes will stress the air insulating medium and accelerate the
breakdown to the point the air is ionized and arcing occurs between
the electrodes.

£21
The National Electric Safety Code NESC Edition 1984, Fage 22

gives a minimum clearance for a guard zone from live parts plus
a practical method of calculating air breakdown for voltages
above 8,700 volts of 4/10th ( 0.4 ) inches per 1000 Volts RMS for

outdoor phase to phase spacing.

Electrical systems using air as an insulating medium are
designed so that the conductors and components have sufficient
cleatrance between phases and between phase aqd ground such that the
intervening air is not stressed. However, when the ground plane is
brought closer to the conductor or component by reducing the
effective air gap by parts of a persons body o+ by tools used as an
extension of the persons body, there is always the danger of
overstressing the.intervening air medium to the point flashover or

arcing is produced from the conductor to the tool and/or person.




Fersonnel exposed to the insulation breakdown while operating
the equipment, :®.9. switching, racking in circuit breakers or by
repairing and testing equipment, can be injured from electric shock
or from electric arc flash without touching the EHEDSEd

electrically energized component.

In Ontario, Canada during the years 1983, 1984 and 1985 the
Workmens Compensation Board recorded 794 near electrocutions, 43 of
these resulted in death. During a Filve Year period 1980 to 1985,
1T Electrical Tradesmen wete killed and 91 were éeverely injured in

plectrical accidents in Ontario.




CHAFTER =

-THE HAZARDS OF -ELECTIC SHOCE

Thieg Chapter is designed to provide a basic understanding of
the effects of current flow through the human body. The variables
that effect that current flow and the electrical source - human
body - ground contact that provides the circuit for the current

flow.

The data preseﬁted will provide kn awareness of the
circumstances that produce electric sheck accidents and the
resultant effects different current magnitudes and shock

duration will have upon the human body.

Most industrial electricians, who from time to time may be
required to perform electrical hot work, are aware that providing
distance between their body or between toole and equipment used
as an extensicon of their body and exposed energized components can
eliminate electrical shock hazard. This safe distance in the
program is referred to as THE MINIMUM CLEARANCE ZONE. Fer a current
to flow through the human body, a persen has to first penetrate the
minimum clearance zone and bridge two points of Veltage Fotential

difference. Some typical simplified examples are. e.g.:




a) Direct physical contact with an exposed electrically

energized component is shown in Figure 1. l

EXFOSED ELECTRICALLY EMERGIZED COMFONENT

SOQURCE DOF FOTENTIAL

———[SROUND FLANE

EIGURE 1




The é&ﬁivalent basic circuit illustrating the direct
'physiﬁélvcnntact while neglecting the contact

resistance to the hands and feet is shown in Figure 2.

il

o
]

RESISTANCE OF CONTACT

cC FODINTS EETWEEN THE BODY
AND THE EXFPODSED
ELECTRICALLY ENERGIZED
COMFONENT AND BETWEEN THE
EODY AND THE GROUND FLANE
= ZERO FOR FURFDSES OF
THESE CALCULATIONS.

RE = RESISTANCE OF RODY =
1000 OHMS. [3]

I = RMS Current Flow through
E the body.

FIGURE =
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The total resistance of a persons body across a
potential difference varies with weight, gender and
physical condition of the contact surface with the
electrically'energized component (s} and ground plane.
This value of resistance can vary far a 30 Kg. (120 1b.)
man between Z00 Ohms and a few thousand Ohms.

The resistance will be lowered considerably if the
body contact is moist +P9m perspiration or from
blisters that form during high voltage contact.

The Pesiétance will increase considerably i+ the
céntact area of a persons hénd is heavily calloused

or very dry. Touch FPotential is illustrated in Figure

-
‘= w

Damp leather shoes or shoes with nailed soles offer a
low resisténce contact. Step Fotential is illusfrated
in Figure 4.

For calculation purposes, a value of 1000 Ohms is often
used for the resistance of a typical body. This level

assumes relatively low resistance contact points.




TOUCH POTENTIAL

FIGURE =

Most often invelves an

pxposed electrically energized
component as the source ot

the voltage potential
difference: However,the
voltage potential difference
may be induced as by an
glectrical short in a

lighting fixture.

11

EXFOSEDRD ELECTRICALLY ENERGIZED
COMFONENT

ELECTRICALLY
ELEVATED
GROUND FLANE

STEF FOTENTIAL

FIGURE 4

Most often involves anm
electrically elevated ground
plane as the source of the
voltage potential difference
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hY Indirect phy=ical contact via a conductive tool ar
component used as an extension of the body. The air
insulating medium is overstressed to the point of

breakdown and flashover results as shown in Figure 3.

EXFOSED ELECTRICALLY ENERGIZED COMFONENT

SOURCE OF FPOTENTIAL

FIGURE S5

The equivalent basic circuit showing the flashover
condition and neglecting the contact resistance of the
tool, hands and feet is shown in Figure b.

EXFDOSED ELECTRICALLY ENERGIZED COMFONENT

A RHRC Resistance of arc
RTboL Resistance of
conducting tool
Rc = Resistance of contact
) roints between the
conductive tool and
the body and between
(~\~) the body and the
ground plane = Zero

for the purpose of
these caJ:ulatinns.

RB = Resistance of
body = 1C00 Ohms

=
1l

EMS current flow
" through bodys




CHAFTER 4

" CURRENT FLOW THROUGH THE HUMAN EODY

The bhasic hazardous effects of current flow through or near the

human body are @

al.

B.

c)a

d).

2).

).

involuntary movement or reflex action of the muscles
from low values of current can cause rebound bumps and

/or falls.
’ )

Physical damage to the body at the point of contact
with the current source and at the point of current

exit to ground.

Damage or cessation of the functioning of vital organs
caused by the passage of a low level of current through

the vital organ.

Muscular tontractions resulting in asphyxiation. The
muscular contractions often can cause a person to grip

an energized component and not let go.

Internal damage to the body caused by the heat
generated from a high level of current flow through

the body .

Arc burns to the skin caused by the intense
ultraviolet light and infra red heat from an glectrical

flash.

Hearing loss caused by the high pressure blast of an

intense high energy electrical discharge.
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Ohms Law can be applied to the basic circuit that is formed by
a person who bridges two points of voltage potential difference:
2.9. when a conductor of resistance (R) connects two points of

diff=rent potential {(E) a current (I} will flow in the
conductor as illustrated in Figure 7.

|

E = IR === — = - - = = « (1)
FIGURE 7
The accideﬁt that best illustrates this hazard is when a petrson
touches an elecfﬁically energized component while standing on the
ground plane and a voltage is impressed across the persons body as
shown in Figure 8.
The equivalent circuit formed when a persons body is

substituted for the resistance is shown in Figure 2.

W
I T—
L
—
B
v
SIDE ELEVATION OF 5 KV THE BASIC ELQUIVALENT
SWITCHGEAR CELL WITH ’ CIRCUIT

CIRCUIT BREAKER REMOVED - -
AND SHUTTERS OPEM | -

FIBURE 8 : FIGURE 9




From Figure %=the magnitude of current flow is dependent on

the woltage source and resistance of the body.

The total equivalent circuit of Figure B is more complex
because of the additional circuit resistance that must be taken

into account as shown in Figure 10.

R = Circuit Resistance.
1

R = Hand Contact
HC Resistance.

R = HBody Resistance.
K i

R = Fpot Contact

FC Resistance.

R = Bround Resistance.
G

FIGURE 1o

The equation to determine the current flow becomes @

1 = E = e == (3

E R +R +R +R xRk +FR
1 HC B FC _FC B
R+ R
FC FE
I = E s == (4)
E R +k +R +R +FR
1 HC B _EC 6

The magnitude of current flow does not determine the extent of
injury to a person. High current can have a less damaging effect on
the body if the duration of shock is very small,. than can a

relatively low current applied for a long time.
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All authorities agree that much higher currents can be
tolerated without causing Ventricular Fibrillation if the duration
C41]
ig short. One study, shows that 29.5 percent of all persons

could withsetand, without VYentricular Fibrillation, currents

determined by the equation : -

fraom which I = 0,0118 = = - = =& ~ & & 4o - (&)

where I = The RMS8 current through the body in

B ampres.
] = The time duration shock in seconds.
Q.01ZES = An empiracally derived

" Energy Constant "

NOTE @ THE IMFORTANCE OF FAST CLEARING FAULTS
CANNOT BE OVER EMPHASIZED FOR PERSONMNEL
FROTECTION.




- —- EFFECTS OF--ELECTRIC CURRENT OM THE EODY

The effects of electric current at 50 o &0 HZ on the human
body are identified using a shock duration within the range of
0,0% to I seconds.

[51]
1t should be noted, authorities generally agree the body can

tolerate slightly higher currents at 25 HZ and up to S times as

) much at direct currents than those listed below.
%

imilliamp Generally considered to be the threshold of
perception.

Smilliamp Trip setting of éround fault circuit interrupter.
Bmilliamp Mild shock.

2milliamp TYFICAL LIMIT OF LET GO CURRENT.

Pmilliamp - Currents in this range may be quite painful and
25milliamp may result in the lack of muscular control

sufficient to make it difficult or impossible to
let go of an electrically energized object grasped

by hand.
Zamilliamp — Muscular contractions will be experienced that
Zomilliamp will make breathing difficult. For shock duration

of up to I seconds the effects will not be
permanent and will disappear when the fault is

removed.
S0milliamp — The threshold of Ventricular Fibrillation has been
100milliamp determined to be in this current range. For

example, using equation (&) for a shock duration
of 3 seconds

I = Q.116 — = = = — = = = = = = (&)
E t

I = 0.114
E =

= &omilliamp

The uncontrolled twitching of the walls of the
heart muscles will result in death unless a
controlled countershock is applied during a short
period of time in which it would be effective.
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1a0milliamp
and Up

The type of equipment required to apply the
countershock is almost never available in the
field.

Above the current magnitude of 100milliamp the
heart may stop, inhibition of breathing or serious
burns may be experienced that could result in
seriocus injury or death.

The inhibition of breathing caused by currents
flowing through the nerve systems controlling the
respiratory system can continue long after the
current has been temoved.
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Touech Potenﬁial illustrated by Figure 11 as opposed to Step
potential illusfrated by Figure 12 is considered to be the worst
case condition because during a touch potential condition the
current flows from hand to foat through vital body organs. The
current flow experienced during a Step potential condition passes
from foot to foot. During this condition the ground resistance
herneath the two feet are calculated in parallel and are effective

in limiting body current flow.

Rerause of the absence of vital organs as shown in Figure 13 in
the current flow path the body can tolerate higher currents through
a foot to foot path. Values of between 10 to 25 times the value of
Touch potential curtents are estimated to be required to cause

Fibrillation of the heart as computed by equation (&6).
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STEF FOTENTIAL

CURRENT PATH FROM FOOT TO FOOT
CAN RBYFASS THE VITAL ORGAMS OF
THE ERODY

FIGURE 12

TOUCH POTENTIAL

CURRENT PATH FRDM ONE HAND TO
FOOT FASSES THRDUGH VITAL ORBANS

oF THE BODY

-4

FIGURE 11
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HuMAN BODY

BHOWING VITAL ORGANS.

1. HEART.
2. ERAIN.
J. WIDNEYS.
4. LUNBS.
5. LIVER.
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PLATE # 1
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WA

QUALIFIED LIMIT III ELECTRICIAN CHECKING FOR
ISOLATION AT A 1S KV FUSE DISCONNECT SWITCH
USING A VOLTAGE SENSOR AND WEARING FULL

FPERSONAL FROTECTIVE EQUIPMENT.




CHAFTER &

MINIMUM CLEARANCE ZONE AND IMMEDIATE YICINITY ZONE

An Electrical Hot Work Safety Frogram should make all persons
aware of their limitations when working in an environment

influenced by electrical energy.

The minimum clearance zone that surrounds an exposed energized
part iz the absolute limit of approach in the program for the

i
highest qualified electricians.

MINIMUM CLEARANCE ZONE is defined as the area around any

exposed and energized electrical part that is detailed in Figure
14 and Tahle 1.
NDTE: IN THE FROGRAM THE © - 750 VYOLTS RANGE HAS NO
LIMITATIONS FDR FRDPERLY TRAINED AND HNDWLEDGEAELE
EEOFLE WORKING WITH AFFROVED FROTECTIVE EQUIFMENT
No employee shall penetrate the minimum clearance zone with

any part of his body or operate any unapproved object as an

extension of his body within the minimum clearance =zone.

The use of approved test eguipment suitably insulated for the
voltage class being worked én and operated to the manufacturer’s
instructions shall he permitted as an extension of the employees
body within the minimum clearance zZone. The approved egquipment
shall be operated by the employee from outside the minimum
clearance zone at all times. In additien the use of suitable
grounding devices that are designed to connect to an electrically
isolated bus connection inside metal clad or metal enclosed
switchgear in confchmance with requirements for He-energization

shall be permitted.




MINIMUM CLEARANCE ZONE

REFER TO TABLE 1 FOR
DISTANCE

EXFDEED ELECTRICALLY
ENERGIZED COMFONENT

FIGURE 14

MINIMUM CLEARANCE ZONE




TABLE 1

MIMIMUM CLEARANCE ZONE

FHASE - FHASE VOLTS

DISTANCE 'IN FEET -
FHASE TD EMFLOYEE

750 - 15,000
15,001 — 35,000
5,001 - 50,000

50,001 ~ 150,000
150,001 — 350,000
350,001 - 550,000

WS R

[y

ONTARIO CANADA

EASED ON THE ELECTRICAL UTILITY SAFETY ASSDCATION OF
ONTARID.
£63
VDLTS DISTANCE IN FEET -
FHASE TO EMFLOYEE
1,000 - 34,500 * =

A&, GO0 24"

69, 000 I

115, 000 * 3

138, 000 35"

161,000 * 36"

230, 000 4

UNITED STATES

EASED ON ANSI CZ NESC 1984 SECTIDON 4=X.

L73

* OSHA 1926 950 specifies minimum clearance’s
slightly greater than ANSI CX. )




)

DA R HIGH VOLTAGE
JRALIFT SHUTTER

PLATE # 2.

EXFOSED ELECTRICALLY ENERGIZED 15 KV BUS TERMINALS
(TOR)

MINIMUM CLEARANCE ZONE DISTANCE AT 135 KV FHASE - FHASE
1§ 0.6 METERS (2°0").
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IMMEDIATE VICINITY Z0ME is defined in the program as the area

around the minimum clearance zone, detailed in Figure_lS, that will
allow an employee the opportunity to accidently penétrate the
minimum clearance zone by any part of an Emplnyge’s body ot by
tools, test equipment or vehicles pperated by an employee. A person
in the immediate vicinity zone is subject to inadvertantly
penetrating the minimuﬁ clearance zone unless extreme care is

exercised. )

The perimeteh of the immediate vicinity =zone can vary and
depends on the voltage class of the system, the length of the
handles of the approved test eguipment, or the dimensions of
grounding/test devices being used to penetrate the minumum
clearance zone, the fault level available at the exposed component
and the time required to clear the fault (safe working distance
from arc source). In the Electrical Hot Work Safety Frogram
physical dimensions of the immediate vicinity zone are detailed by

the location Electrical Hot Work FProcedures.

MINIMUM CLEARANCE ZONE

REFER TO TABRLE 1 FOR
DISTANCE.

EXFOSED

ELECTRICALLY ! TMMEDIATE VICINITY
ENERGIZED { ZONE EXISTS AROUND THE
COMFONENT MINIMUM CLEARANCE ZONE

? .

. AS DEFINED EY
//’\\\\\ FROCEDURE
/\\
e S A // i .

< \\\\ .

" FIGURE |5
IMMEDIATE VICINITY ZONE
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FLATE # 3

IMMEDIATE VICINITY ZONE ESTABLISHED INM FRONT OF A

15 kEV METAL CLAD SWITCHGEAR CUBRICLE.
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CHAFTER &

THE HAZARDE OF ELECTRIC‘ARB FLASH

The hazards of electric arc flash-burn are often neglected
compared to the precautions taken and the protection given to
personnel tﬁ guard against electric shock. Burns from high current
arcs can be fatal to personnel standing several feet away from the
arc saurcefajﬁerious damaging burns to personnel standing up to
ten feet away from high current arcs are not uncommen. Clothing can
be ignited several feet away from the source of & high current arc
and can lead to fatality because of the skin area that is exposed

to burns and the time involved in removing the burning clothes +rom

the body.

Electric arcing is the passage of electrical currentlthruugh
what had previously been an air insulating medium. The current
passage through the air medium is the result of concentrated
ionired gases or conductor materials vaporizing. The resulting
electric afc between metals can produce températures of 20,000
degrees kelvin or 35,006°F.Bﬂ

The damaging effect upon human skin is determined from the
temperature rise on the skin the arc flash can produce, and the
duration of the arc flash. Fast clearing time Df the fault

greatly reduces the damaging effect of the temperature.

Electrical personnel often expose themselves to the dangers
of electrical arc burn when performing electrical hot work on
exposed electrically energized parts. It is only. the relative

infrequency of high current arcs that really prevents more injuries
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than now occur.

The high current produced in an electrical arc is a result of
Electrical "Stiffness" of the arc source. A typical Industrial

plant distribution system has high fauilt levels available at all

the different voltage levels. A typical petro-chemical complex

electrical distribution system is illustrated by FIGURE 15. TABLE

? identifies the fault levels and arc flash energy available at
various locations on this distributibn system. The caorrespondifng
safe working distances from the arc source in this distribution
system is also detailed in TABLE Z. This safe working distance is
used to determine the outer perimeter of the immediate vicinity

Zone.
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FLATE # 4

ELECTRIC ARC CAUSED BY CLOSING ACTION OF A 2T0 EV AIR
BREAK SWITCH ON THE MAGMETIZING CURRENT (AFFROX.1 AMFER?
OF THE TRANSFORMER.

AFFROX. ENERBY DISSIFATED IN THE ARC =

|1
~]

=
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PLATE # 5

QUALIFIED LIMIT III ELECTRICIAN CHECKING FOR
ISOLATION USING A VDOLTAGE SENSOR AND WEARING
FULL PERSONAL PROTECTIVE EQUIPMENT IN A 13 KV
CELL.
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VELANATION OF {10,623, (T)y, 44y, (5}, (£ (7)) and (B8) from

TARLE 2

1% Thiz column lists mlectrical buses in a typical industrial
Elant. The source of the arc was taken from a point on the
bus. ’

L2 The base MVA of the transformers.

{32 Interrupting rating of the main bus vacuum circult

breakers.

(4 Short circuit symmetrical amps calculated from bolted 3 2
fault at tranzformer terminals which will give maximum
Fault value.

I = MYA Base » 100 — = — — — = = — = — = ={7)
=& ,|3 oV nE
(37 r91.Maximum power in_Z ¢ arc at the identified bus
calculated from .707° % maximam bolted fault (MVA - D).
bf
P=ff %1  xVx LTOTR - — = = - = = (8
sC
=y r?i1.Distance of personnel from arc source for & curable

burn i.e. skin temperature “B°C as calculated from...

D =J_2=é5 w MVA ¥t — = =-—— == 7

o = Distance for a just curable burn, feest.

ME = Rolted fault MVA at point invelved.

bt
MyR = Traneformer rated MVA, 0.75 MVA and over, for smaller
ratings multiply by 1.25
t = Time of euposure in seconds

iy
~]
e

[91.Distance of personnel from arc source for an incurable
burm i.e. skin temperature » 9& C as calculated from...

D =J 1.94 % MVA H t — — = = = = — — = {10}

D = Distance for a just fatal burn, feet.
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MYA = Trapsfermer rated MVA, 0.75 MVA and over, for =maller
ngs

e

t = Time of exposure, seconds.

Clearing time of current limiting fuse .08 seconds o 1/2
cvecles. Clearing time of 15kv breaker .1 seconds oy &
myzles {zctual breaker 1.74 cycles, relay approx. 2 cycles,
1.72 + 2 + 2 for safety = 6 cycles).Clearing time of Skv
breaker .1 seconds or & cycles.




TYEICAL CALCULATION FROM TABLE 2

-
-l
s

il

a4

1t

TRAMNSFORMER RAESE MVA = 10
SYSTEM YOLTE FHASE TO FHASE = 4,16&6kKV

“

Y

TRANSFORMER = 5.5

CIRCUIT EREAKER CLEARING TIME = AFFROX. & CYCLES.

. - }
X Symmetrical A&mps from A I phase bolted fault at the transformer

bt
|

MYA Base ® 100 - - - - — - - - - — - = = (73

5C T ouoW 2

% I le!

= 25,000 amps.

Maximum Fower in = phacze fault at the transtormer terminale.

= \l'.' w1 v Vo LT0T — e = = = = = - (87
=C
2
== = wo I ¥ d.ibkw . 707
3C
= 21 M.

Distance of personrnel from the source for a curable burn, ie:

. 0
Actual skin temperature rise < BO C.

Digtarce cureble = Do = J 5T o MVA % t - - — — = —iP)
= |53 w 10w .1
= .28 feet.




Distance of personnel from arc scurce forr an incurable burn,

2
fHctual skin tempezrature rise > 746 C.

Distance Incurakle = D =J 292 0w MVA x ot

10 » .1

ol
£
i
~0

= 4,24 feet,

ie:s




BASIC Program=for-Calculation of Distanceg Associated With

fArc Flesh Burns During Electrical Hot Work Procedures

This program will facilitate use Dfﬂmnst PE’% to célculéte
minimum distances for curable burns ‘and maximum distances for
incurable burns resulting from electrical flashover. The progtam
uses calculation methods describeq by Ralph H. Leeagnd assumes a
worst case for arc impedance. The prPgPam prompts the user for all

data required, and an attempt was made to keep the BASIC fairly

generic to reduce software compatibility problems.
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10
20
30
40
50
60

REM FLASH BURN PROGRAH BASED ON A TECHNICAL PAPER BY RALPH H. LEE.
REM YERSION 1.@, ISSUED MAY 22, 1987.

CLS: PRINT "SELECT BASIS FOR FAULT CURRENT*®

PRINT * (A) ACTUAL FAULT AMPS*

PRINT (B) ACTUAL FAULT NVA®

PRINT (C) SWITCHGEAR RATING IN AMPS®

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
232
242
250
260
272
280
290
300
319
320
330
340
350
380
372
380
390
400
410
420
430
440

450

460
470
480
490
500
sS1e@
520
330

PRINT
PRINT
PRINT * (F)

(D)
(E)

As=INKEY9:

SWITCHGEAR RATING IN MVAC

MVA BASED ON XFMR KVA & IMPEDANCE®
HYA FROM XFMR KVA & LEE’S FORHULA*®
IF Ag=*" THEN GOTO 100

IF A9="A® OR As="a" THEN GOTO 180
IF A9=%B" OR As$="b" THEN GOTO 240
IF As="C* OR A$="c" THEN GOTO 180
IF A$="D" OR AS9="d® THEN GOTO 240
IF A$="E" OR A9="e® THEN GOTO 280 )
IF A9="F* OR As="{" THEN GOTO 36@

GOTO 100
CLS: PRINT
IKPUT KA

*ENTER FAULT AMPS IN KA®

PRINT "ENTER SYSTEM L-L VOLTAGE IN Kv*

INPUT KV

VA = KV = KA » (34.5):t LF =2 @

GOTO 420
CLS: PRINT
INPUT VA
LF = @
GOTO 420
CLS: PRINT

"ENTER NVA®

"ENTER TRANSFORMER BASE KVA®

INPUT BK: BK = BK / 1000
PRINT "ENTER INPEDANCE IN X AT BASE KVaA"
INPUT 2Bt ZB = ZB / 100

PRINT "HOW
INPUT 2ZU

MANY TRANSFORMERS IN PARALLEL"

VA = Bk » 2U / ZB: LF = @

GOTO 430
CLS: PRINT
INPUT BK
PRINT *HOW
INPUT 2U

"ENTER TRANSFORMER BASE KVA®"

HANY TRANSFORMERS IN PARALLEL"

IF BK<75¢ THEN BK=BK=1.23
VA = 2U » BK / 1000

LF = 1

CLS: PRINT
PRINRT * (A)
PRINT * (B)
PRINT * (C)
PRINT * (D)
PRINT * (E)
A9=TRKEYS:

*SELECT UPSTREAM PROTECTIVE DEVICE®
CURRENT-LINMITING FUSE"

ORDINARY FUSE

CURRENT-LINITING CIRCUIT BREAKER®
BREAKER WITH INST/DIFF RELAYS®
BREAKER WITH TINE DELAY TRIPPING®
IF A9="%* THEN GOTO 490

IF AS=2"A" OR A9="a" THEN T=8.0200001E-03: GOTQ S6@
IF A9="8" OR A9="b* THEN T=.017: GOTO Se@-
IF A9="C" OR A9="c" THEN T=8.00@Q01E-023: GOTO 5S&0

IF A9="D" OR A9="d* THEN T=.1: GOTO 3€@




940

S50
Sed
570
580
550
002
610@
620
€40
&se
670
680
690
700
710
720

IF AS=?EY OR AS=%e?=THEN CLS: PRINT *INPUT CLEARING TIME IN SECONDS":

INPUT T: GOTD 560

G80TOo

430 - -

IF LF=@ THEN GOTO 600

DC =
DF =
G0TO
bC =
DF =
CLS:

(53 « YA =+ T} » .5 : :

{39 » YA « T} *» .3 T
620

(2,65 « VA » T) 4 .5

{1.96 = VA« T) » .5

PRINT *FLASH BURN HAZARD DISTANCES®

PRINT *MINIMUM DISTANCE FOR CURABLE BURN IS ";
PRINT USING"##4#.## FEET."; DC

PRINT "MAXIMUNM DISTANCE FOR IKNCURABLE BURN IS %;
PRINT USING*#4#44#.#+# FEET.*; DF

PRINT "ANOTHER CASE {Y/N)?*

Ag=INKEY$: IF Ass"* THEN GOTO 700

IF As="Y* OR A¢="y" THEN GOTO 30

END

4




Demonatratiaon of flaah
areas in blaocked areas (like thia one)
do not appear when the
firast case will be for

burn calculation brogram. The

program is actually run. The

a 13.8 kV bus with S00 MVA
gsvitchgear. Like many such busses, differential relays
are used to protect the zcne where the hot werk is
being done.

are comments and

SELECT BASIS FOR FAULT CURRENT
FAULT AMPS This is the Main Menu.
FAULT MVA The moat accurate cal-
SWITCHGEAR RATING IN AMPS

(A)
(B)
(CH
(D)
(E)
(F)

ENTER
? 500

SELECT UPSTREAM PROTECTIVE DEVICE
CURRENT-LIMITING FUSE

ORDINARY FUSE

CURRENT-LIMITING CIRCUIT BREAKER
BREAKER WITH INST/DIFF RELAYS
BREAKER WITH TIME DELAY TRIPPING

(A)
(B}
(C)H
(D)
(E)

ACTUAL
ACTUAL

culationa are

SWITCHGEAR RATING IN MVA
MVA BASED ON XFMR KVA AND IMPEDANCE
MYA FROM XFMR KVA AND LEE’S FORMULA

produced by
using actual
data from a
short-circuit

and option E and F will give

for most applications. Do NOT use E or F if

there is generation or large

to the electrical asyatem at the same voltage
a2 the paint in question. Options C and D
will alwvay=s give conservative anavers, 1f the

gystem ia properly designed.

atudy (A, B),
clocae regults

motora connected

Pre=sg "D" since the only fault information
given i= 5Q0@ MVA rating of the =witchgear.

The Main Menu will disappear.

|

MVA

Type "50@" and preaa the <ENTER> key.

ous relaying. Press "D" since differential
are used to protect the bus where wvork is

Select exiating

device. If in
doubt, don’t us=se
current-limiting
optione. Mast
feeder hreakers
have instantane~

heing performed. l

FLASH BURN HAZARD DISTANCES

MINIMUM DISTANCE FOR CURABLE BURN IS 11.
MAXIMUM DISTANCE FOR INCURABLE BURN IS 9.9@ FEET.
ANOTHER CASE (Y/N)?

S1 FEET.

Read reaults - worat case fault, resiatance
of arc are aggumed. Prega "Y" for next casge.




- R

Presaging "Y' returns to the HMein Menu. The
gecond case conditions are a 480 volt MCC, -
with 55,002 amps shart-circuit current. The
upatream protective device iz a current-

limiting fu=e.

]

SELECT BASIS FOR FAULT

(A)
(B)
(C)
(D)
(E)
(F)

ACTUAL FAULT ANMPS
ACTUAL FAULT HMVA
SWITCHGEAR RATING
SWITCHGEAR RATING
NVA BASED ON XFMR
MVA BASED ON XFMR

ENTER FAULT AMPS IN KA

? 58

CURRENT
Select item "A" since
55, 092 amps fault i=
IN AMPS a2 knovn quantity. r————
IN MVA

KVA AND IMPEDANCE
KVA AND LEE’S FORMULA

Enter fault current in kilo-
ampe symmetrical subtransient.

Type "55" and <E“TEH>‘AI____—_—'

ENTER SYSTEM L-L VOLTAGE IN KV Line-ta-line voltage in
? .48 kiavolte. Type ".48"
gnd preea <ENTER™>. r————
SELECT UPSTREAM PROTECTIVE DEVICE Current~-limiting
(A) CURRENT-LIMITING FUSE fugeg installed,
(B) ORDINARY FUSE Presa "AY. r————-
(C) CURRENT-LIMITING CIRCUIT BREAKER
(D) BREAKER WITH INST/DIFF RELAYS
(E)

BREAKER WITH TIME DELAY TRIPPING

FLASH BURN HAZARD DISTANCES

MINIMUM DISTANCE FOR CURABLE BURN IS @.98 FEET.
MAXIMUM DISTANCE FOR INCURABLE BURN IS @. 85 FEET.
ANOTHER CASE (Y/N)?

Read resulte and presse "N" to gquit program.

‘All resulte assume that the wvorkers bare skin

is in direct line of sight with the arc and
do NOT take into account the benefite vhich
are aveilable from ueing peresonal protective
equipment (glovee, reflective garments, etc.




The harards of el=ctric flash burn can be minimized or

al

b

c?

by apeplying the following precautions :

FERSONAL PROTECTIVE EQUIFMENT.
Personal Frotective Equipment to be worn during the
performance Df electrical hot work :

{. Flame resistant protective clothing.

ii. Fire resistant helmet and flame resistant neck
cover.

iii. Full farce shield.

iv. Leather gauntlet gloves.

FAST CLEARING OF FAULTS.

Minimizing the duration of the arc flash by fast
clearing time of the fault that produces the electric
arc flash greatly reduces the time the human skin is
pxposed to the high temperature. Reducing the exposure
time of the human skin to the arc flash greatly reduces
the damage to the skin. Again as is shown in the case
of =2lectric shock hazard the importance of fast
clearing faults cannot be over emphasized for personnel
satety. Figure 14 shows the fast clearing action of

current limiting fuses.

DISTANCE BETWEEN EODY AND HAZARD.

Es£ablish an Immediate Vicinity Zone around the
minimum clearance zone and restrict the number of
personnel in the zone to the people conducting the
clectrical hot work. The ocuter perimétew of the zone

=hould be positioned so that the heat absorbed by




personnel outside the zone will not raise the shkin
temperature past the threshold of injury. Refer to

TABELE Z.




FLATE # &

LIMIT III QUALIFIED ELECTRICIANS IN FULL FERSONAL
FPROTECTIVE EQUIFMENT REVIEWING THE ELECTRICAL HOT
WORK FROCEDURE WITH LIMIT 1 QUALIFIEDR SUFPERVISOR.




Fuse clearing characteristics

=]
5
5 [ Melting Peak let-through Total clearing 1%t
energy {12 current {ip} : melting 12t + orcing 124
}
. Let- Arcing
through energy (121)
current
\|
Melting Arcing ' Time (1)
bt o et | .
time time
—  Totol cleoring {ime

FIGURE |7

TYFICAL LET THROUGH ENERGY OF CURRENT LIMITIMG FUSE.

THE FAST CLEARING OF FAULTS GREATLY REDUCES THE EXFOSLIRE
TIME DURING ARC FLASH FAULTS.
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CHAFTER_7

WORKINMG SAFELY IM AN ELECTRICAL ENYIROMMENT

The operation and maintenance of an integrated electrical
system in & 24 hour continous process world scale petro-chemical
complex requires that its personnel from time to time work in an
environment influenced by the presence of electrical energy. This
zource of electrical energy could originate from installed

@lectrical egquipment or test squipment. The potential hazard’ to

personnel required to work in this environment can be eliminated or

minimized through the use of the Electrical Hot Work Safety

Frogram.

The program is designed to provide an awareness of the
potential =lectrical hazards to all the people who work in the
electrical environment and has been developed to give the
discipline to the peoplé who occasionally are reguired to carry

out the electrical hot work.

The program provides the required awareness and discipline by

developing a philosophy, and by controls.




Auareness

- Discipline




CHAPTER B

cuUT TSOPHY OF ELECTRICAL HOT WORE SAFETY FROGRAM

THE ELECTRICAL HOT WORK SAFETY FROGRAM meets its goals by

embracing as its philosophy the following five well known and tried

basic safety principles : [1la]

SAFETY FRINCIFLES

#+ IDEMTIFY the Hazards
+ ELIMIMATE the Hazard whenever possible
# CONTROL the Hazard when it cannot be

eliminated

* MINIMIZE SEVERITY OF INJURIES

when a Hazard is ocut of control

¥ MINIMIZE SEVERITY OF INJURY

. after the injury has occured




IDENTIEY THE HAZARDS. *io

The plant electrical hot work program shall identify all the

electrical hot work performed in the plant.

A1l the identified electrical hot wark shall be reviewed against

the plant electrical hot work starmdard. e.9.:

al

d)

e)

£

What electrical work hazard classification deoes the

electrical hot work fall into 7

How close can LIMIT § and unqualified personnel approach
exposed electrically energized components and legally
comply with BGovernment Health and Safety Act regulations
for Industrial Establishments and Construction Frojects in

-

Ontario, Canada

What tools, test equipment, and temporary grounds will be

required to do the work 7

Are the tools, test equipment, and tempotrary grndnds
approved for use and have the correct veoltage or current

rating ¥

Has the'electrical integrity of the tocls, test equipment

and temporary grounds been maintained ?

Have the temporary grounds and connectors been sized
correctly for the fault current levels available at the

point of use ¥




=2

s

ELIMIMATE THE HAZARDS

A All the identified electrical hot work shall be reviewed to
determine if the hazard can be removed by using a well

defined electrical hot work procedure. e.g.:

[y
—

The fuse replacement in a 13.8 kv metal enclosed fuse
switch cubicle was potentially hazardous when the fuses
were replaced by an eie:trician standing inside the fuse
switch cubicle 3 thereby positioning himself within the 2°¢
space of the minimum clearance zone of 2°'0" established for
1% kv, The pofential hazard was eliminated by replacing the
fuses from outside the switch enclosure using a fuse clamp
stick designed by the manufacturer of the equipment 3

thereby positioning the electrician outside the minimum

" -
clearance zone and away from the hazard source.

2} Relamping of High Fressure Sodium lighting fiztures in
General Purpose and Hazardous areas is potentially
hazardous if the circuit remains energized when the lamp is
rremoved, o+ if with the lamp removed an electrician checks

for voltage at the lamp socket.

The potential hazard exists from the continous high
voltage, high frequency pulse required to ignite or strike
a sodium arc in the lamp. The high wvoltage high frequency
pulse is always present at the lamp base when the ballast

is energized and the ballast secondary circuit is unloaded.




e

PR u-_-.‘l-i—l:

FLATE # 7

15Ky FUSE REMOVAL ON AN ISOLATED 1SkV FUSE DISCOMMECT
SWITCH. THE FUSE 15 BEING REMOVED USING AN INSULATED

FUSE CLAMF FROM DUTSIDE THE CURICLE BY A QUALIFIED LIMIT
111 ELECTRICIAN WEARING FULL FERSOMAL FRDTECTIVE EQUIFMENT.

i




a4

ie : The lamp iz burnt out or removed from the circuilt.

In standard High Fressure Sodium fixtures the Voltage

Fulse can be in the region of 2,300 Volts - 4,000 Volts,

200milliamp at a 2 1("':5

second pulse. In Instant restrike
or Rapid restrike fixtures, the Voltage Fulse can bhe in
the region of 6,000 Volts —~ 12,000 Volts, 200milliamp at a
2w 1072 second pulse.

The resultant potential shock energy of the Standard
Finture is approximately 0.92 - 1.6 joules and of the
Instant or Rapid restrike fixture is approximately 2.4 -
4.8 joules.

The potential hazard is eliminated by switching off and
tagéing ogut or locking out the lamp cifcuit prior to
Pélampﬁng and by use Sf proper procedures, approved test

equipment and protective clothing when the electrician

checks for veoltage at the lamp socket.

A1l the identified electrical hot work that could develop into
a hazardous task if not controlled by procedure shall be

identified. For example :

All electrical circuits shall be considered "HOT" until
proven otherwise by :

visibly checking that the circuit is switched out of
services tagging and lecking the ciﬂcuit openi checking and
testing the circuit for isolation using a voltage sensor
approved for the voltage level being worged on ; and

de—-energizing the circuit by applying temporary grnunds,‘“




FLATE # 8

QUALIFIED LIMIT III ELECTRICIANS CHECKING THE FOSITION
OF THE LINE AND BUS TERMINALS IN A 135KV CELL WITH THE
AID DF THE OFERATOR SINGLE LINE DIAGRAM. THE LOCATIDN

‘WILL DETERMINE THE FDSITION OF THE GROUND CARRIAGE

CONNECTIONS THAT ARE INTERCHANGEAERLE IN THE BUS DR
LOAD CONMNECTION FOSITION.

n

h




FLATE # 9

QUALTIFIED LIMIT III ELEGTRICIAN CHECKING FOR FOTENTIAL
OF THE FREYVIOUSLY IDENTIFIED 15KV LOAD CONMNECTION. THE
QUALIFIED LIMIT III STANDRY MAN IS FOSITIONMED QUTSIDE
THE FOTENTIAL DIRECT ARC FLASH FATH.

A LIMIT I SUFERVISOR IS5 FPOSITIONMED OUTSIDE THE
ESTABLISHED AREA OF IMMEDIATE YICINITY.




FLATE # 10O

THE QUALIFIED LIMIT II1I ELECTRICIAN FOSITIONS THE
GROUND TEST DEVICE IN THE i1SkV CELL PRIOR TO RACKING
THE DEVICE ONMTD THE ISOLATED LOAD SIDE TERMINALS TO
DE-ENERGIZE THE 15KV CIRCUIT.
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zired for the available faulit current levels at the point of
connection, to the isolated circuit.

The task of de-energizing a circuit making it safe to work on
iz in itself a hazardous task. Frocedures are Pequiﬂed for the
correct use and care of high voltage sensing tools that are
used to test a circuit for isolation, and for the application
and care of temporary grounds used to de-energize a circuit.
Testing a circuit for isclation should always be cunducéed
using a voltage sensor approved for the voltage level being
worked on and operated to the manufacturers instructions. The
worker using the valtage.senscr énd the designated standby
person should wear full protective clothing while performing

this task. The integrity of the tool should be checked on a

known,yvoltage source before and after the circuit isclation

»

check.

"Teasing” a circuit with the metallic end of a live line tool
=hould not be used to test for isolation because:
a) the precsence of low voltage on the circuit may not be
seen or heard j
b sparking may be an indication of charging currents from

induction and may be mistaken for line potential.

Throwing a chain over busbars to test for isclation should
never be uszed to test for circuit isclation. The potential for
personal injury and sguipment damage from this uncontrolled

action is extremely high and is unneccessary with todays test

equipment.




Switching a circuit open including all sources of backfeed,
locking and tagging the circuit open, and checking/testing for
izolation effectively isolates that circuit from the
distribution system. i.e. what can be seen on the Electrical
S8ingle Line Diagram.

Isolating a circuit will not remove and maintain induced
voltages from the circuit, or offer protection to a worker in
the event the circuit is accidently energized.

De—energizing the ciruit by the correct application of
temporary grounds will conngct and maintain the icsolated
circuit at earth potential and will:

a) maintain the circuit in a de-energized state by
draining induced voltage to earth potential around the
worker through a low impedance connection to grounds

by provide a low impedance path to& earth potential that
will minimize the voltage potential gradient in the

work area.
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CONTROL THE HAZARDS

£)

B

GEMERAL WORE

The el=ctrical hot work program will control the potential
hazards involved in performing the identified electrical hot
wotk through the use of well defined electrical hot work
procedures. The electrical hot work procedures follow a
standard format and shall be specific for the task.

The procedures identify the eguipment being worked on, the
tools required to do the work, and the gualification of all

petrsonnel involved in the work.

SFECTIAL WOREK

With the Electrical Hot Work Frocedures established to deal
with.the "General Néﬂk", personnel will have the hazard
:éwéééhEéé and DISCIPLiNE necessary to take care of the special
work. ie. Work not presently identified as electrical hot work

or presently being conducted in the plant. For example :

A reguirement developed to inspect and clean the porcelain
insulators on a 230,000 Volt low profile busbar system in
a double ended substation connected to the power utility.
The inspection and cleaning were to be conducted by a
contractor who met all the government regulations fot
performing live line insulator washing. The plant did not

have a procedure that would allow the work to be conducted

inside the plant.




Through the-u=ze of the Electrical Hot Work Frogram a
qualified electrician quickly developed a procedure that
incorporated theucnntractnrs procedure. The procedure Was
ﬁeviewed by the power utility, the coﬁtractnr and the
Flant Electrical Hot Work Committee before being apptoved

for use.

&1
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MIMIMIZE THE SEYERITY of injuries when the hazard is out of control

The program will minimize the severity of injuries when a
potential hazard gets out of control during the execution of

glectrical hot work by 3

AY Identifying the correct. personal protective equipment to be

WOorn.

B) FRestricting the mersonnel exposed to the hazard by establishing

an immediate wvicinity zone and :

1) Keeping all personnel not involved in the elsctrical hot

wort nutside the area and;

2y Minimizing the number of qualified personnel performing

the work inside the area.

The immediate vicinity zone is developed from the
Eléctrical Arc Flash Hazard Table 2 developed in the program for
all the elecirical distribution levels in the plant. The immediate
vicinity =zone is identified by electrical hot work procedure and

is usdally illustrated by a sketch in the procedure.




MINIMIZE “THE SEVERITY -uof injury after the injury has occurred

The Electrical Hot Work Frogram will minimize the severity of
an injury after it has got out of control by the assignment of a
qualified standby person during the execution of the electrical hot

work who is trained tnnprnvide :
A) Artificial resuscitaion.

E) MAssistance or basic first aid to personnel who may have

received electrical shoeck, arc flash burns or physical injury.

C3} Assistance to remove the injured personnel from the hazatrd

soUrce.
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CHAFTER 2

CONTROLS OF THE ELECTRICAL HOT WORYK, SAFETY FROGRAM

The Elgctrical Hot Work Frogram provides the necessary controls
to enahle personnel to effectively perform electrical hot work
zafely within the Philosophy of the five basic principles by the

use aof the following :
* £5 well defined Electtrical Hot Work Standard.
* A Flant Electrical Hot Work Committes.

* Electrical Heot MWork Frocedures specific to the task, equipment
being worked on, tools used toc conduct the work and

qualification of personnel performing the work.

* Training which leads to gqualification of all personnel working

in the environment influenced by electrical energy.

¥ Restricting access of personnel into the immediate vicinity

ZOne.




FLANT ELECTRICAL HOT -WORK STANDARD ==

The Flant Electrical Hot Work Standard forms the basis of all
eloctrical hot work performed in the plant. There are no exceptions
to the application of this standard except by a properly executed

variance procedure signed by the appropriate Flant Management

foliowing the review by the Electrical Hot Work Committee.

Typically the Flant Electrical Hot Work Standard is based on a
corporate standard and incorporates all the applicable government
‘regulations. The standard must include a comprehensive list of
definitions of electrical hot work terms that include the minimum
clearance zone and immediate vicinity =zone. The standard also

provides for the audit of all electrical hot work in the plant.

CLASE &. Repair work to exposed and energized electrical systems
aver 150 Valts to 600 Volts inclusive, or repair work
in the immediate vicinity to exposed and energized
systems above &00 Volts ; or troubleshooting work
performed on or in the immediate vicinity to exposed
energized systems above 4600 Volts.

Class A electrical hot work quuires a hazardous work
permit with full-time cmnéinnus supervision by an
electrical supervisor ob quéli%ied delegate
specifically authorized for that job by Flant

Management. No repair work shall be performed above &00

Volts.
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CcLAss C

CLAaSS D

FRepair work to exposed and energized systems over 50

Volts to 130 Yalts inclusive.

Class B electrical hot work requires that the
Supervisor responsible for the exposed workers and
Supervisor responsible for the equipment or their
gualified delegate authorized by Plant Management,
jointly review the work with the expaosed wnrkér
immediately prior to its initiation if it is a first
time job or a non-routine job. Routine practices will
be covered by standard procedure and reviewed by
periodic training. A Hazardous era permit may be
required by the location when special work conditions

egxwist.

Troubleshooting work performed on any system over 30

Volts to &00 Volts inclusive, and all megohmeter or

direct current high—potential testing.

Class C‘electﬁical hot work requires that the
Supervisor responsible for the egquipment be notified
prior to the initiation of work. A Hazardous work
permit may be required by the location when special

work conditions exist.

Installation of temporary ground cables or grounding
devices on electrical systems rated above &00 Volts for

de - energization purposes.




Clase D electrical hot work reguires that the
Supervieor responsible for the exposed worker and the
Supervisor responsible for the equipment, jointly
?eview the wnrk'prinr to its initiatian, and prior tﬁ
re — energization after the work is complete. A
Hazardous .work pgtrmit may be required by the location

when special work conditions exist.
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FLANMT ELECTRICAL HOT  WORK COMMITTEE

Tre adminiztration of 2 ceomprehensive Electrical Hot Werk

Bz fzty Frogran requires special attention within the frameworhk of

]

the plant line organization. Special considetration must be given to

yeiv

nrliude the exmertise of the people who are reguired to conduct
the work, the resource of Electrical Engineers or Electrical

8recialists and the authority and responsibility of supervision.

A team approach can best provide this administration role and
fits in well wikh tedays progressive plant management style. A

tvpical Electrizal Het Work Team would consist of personnel from

1 the above disciplines, for example :

ot

a

i

One Elzctrical SuperviSDP,ChgiPman LIMIT I Qualification
One Eigctrical Engineer/Specialist LIMIT II Qualification
One Eiectrician | LIMIT LII GQualification
The position of one LIMIT III gqualified Electrician could be
=ogtated annually 3o give all plant LIMIT III quali%isd Elzctricians

= te thse committee.

acog

]

The Elgct-ical Hot Worl Committee would provide controls to the
orogram by performing the following duties s
A FReview the Electrical Hot Work Frocedures against the plant

Elgctrical Hot Werk Standard.

ra
S

Review modifications to the Electrical Single Line
Diagrams and The Operator Single Line Diagrams.

C) PReview modifications to the Electrical Distribution System.

(s

Feview all electrical test and live lins equipment and
personal protective equipment used in the Electrical Hot

Work Procedures.




ELECTRICAL HOT WORE PROCEDURES

The Electrical Hot Work Frocedures form the nucleus of the

Electrical Hot Work Safety Frogram. They are specific to the task,

the equipment involved, the tools required to perform the job and

the qualification of the personnel involved in the work.

A typical plant would have approximately B electrical hot work

procedures for work on voltage classes below 750 Volts, and

approximately 26 electrical hot work procedures for work involving

clasgés 750 Volts up to and including 230,000 Volts.

A typical list of the Electrical Hot Work Procedures including

the Electrical Hot Work Standards would be :

SECTION

STANDARDS

XXX XX X
AKX XX XX

XXX XX XXX

TITLE

Corporate Electrical Hot Work Standard.
Division Electrical Hot Work Standard.

Flant Electrical Hot Worlk Standard.

FROCEDURES BELOW 750 VOLTS

EHWF 200

EHWFE 26

EHWFE 202

EHUWF 203

500 VYolt Motor Control Centers Module
Changeout. )

&00 Yolt Automatic Transfer Switch Trouble

. Bhooting.

120/208/240/ VYolt Fower Fanel Troubleshooting
and Repair.

&00 Volt Eolted Fressure Switch Fuse
Changeout.




FAS

SECTION

EHWF

EHWF

EHWF

EHWF

204

=205

205

207

TITLE

Troubleshooting Inside An Energized &00 VYolt
Motor Control Center.

Battery Charger and Battery Safety.

Emergency Generator and Reliable Fower
System

Thermovision Check on &00 Volt Motor
Control Centers

FROCEDURES AROVE 750 VOLTS

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHWF

EHUWF

100

141

102

1053

104

105

104

107

148

149

110

111

1132

114

Electrical Hot Work Committee.

2Z0 kv Switchyard - General Work.

230 kv Swﬁtchyard — Temporary Ground ZZ0 kv
Line.

2T0 kv Switchyard - Temporary Ground

Transformer Bank.

2E0 kv Bwitchyard - Temporary Ground 15 kv
Reactor.

15 kv Grounding Device.

15 kv Fuse Removal Fatential Transformers
Bus 1A, Bus 1iB.

15 kv Fuse Removal.
15 kv Metal Enclosed Switchgear Fuse Removal.

15 kv Metal Enclosed Switchgear Temporary
Grounds Load Side Circuit.

153 kv Metal Enclosed Switchgear Temporary
Grounds Line Side Circuit.

=5 kv Brounding Device.

5 kv Temporary Grounds - S kv Motor Starter
Circuit.

5 kv Fuse Removal.

S kv Fuse Removal.
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SECTION : TITLE

EHWF 115 5 kv H.R.G. Operation.

EHWF 11& Specification for Live LlIne Tooclse.

EHWF 117 . 230 kv Switchyard - Energized Insulator Water
Washing.

EHWF 118 Cable Trayes General Work.

EHWF 119 Glowtector Operation.

EHWF 120 Fhasing Stick Operation.

EHWF 121 Rubber Insulating Gloves for Electrical Hot
Wark.

EHWE 122 Temporary Grounds Identification.

EHWE 123 High FPressure Sodium Rallasts.

XXXX XXX Operation of Cranes Near Electrical Fower
tines.

EHWF 125 D.C. Hipot Testing.

EHWF 124 Trouble Shooting Energized S kv Motor
Terminal Boxes for Bround Faults using H.R.G.
Unit.

An Electrical Hot Work Frocedure is provided for ALL the
ideptified electrical hot work performed in the plant. The
procedures are specific to particular tasks, the equipmeht being
worked on, the live line tools required, and the qualification of
the personnel performing the work. A procedure cannot be used for
anything but the task identified.

Electrical hot work that may develop, that is not identified by
pstablished procedure shall have a procedure written againest the
plant Electrical Hot Work Standard and approved by the Electrical
Hot Worlk Committee prior to performing the work.

Electrical hot work procedures allow for an instant audit of

what ie resuired to perform the electrical hot work.




o
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Quots f-or 20 Operating Unit Department Head

YBeing a Chemical_EngiﬁeeP and Department Head who had the
responsikbility to authorize Electrical Hot Work in my
Operating Unit, I used to dread an Electrician walking
intc my office with a Hazardcus‘wnrk Fermit asking for my
approval to perform Electrical Hot Work. I had no idea of
.what was required to do the wark safely. Now through the
Electrical Hot Work Bafety Frogram the specific approved
Elerctrical Hot Work FProcedure is part of the Hazardous
kil Fermit. The procedure identifies whao is gualified to
perferm the work, the tools required to do the work, the
personal protective =squipment, etc,etc. I can now
knowledgeably authorize the Electrical Hot Work and Audit
the work in progress. In fact, anyone in the plant can

audit the work bscause the Electrical Hot Work Frocedure

and Hazardous Wark Fermit are posted at the job site.”

All procedures follow a standard format that addresses the

coantrels

of Electrical Hot Work Frogram.




FLATE # 11

THE LARGE NUMBER OF FPERSONNEL INVOLVED IN MOST
ELECTRICAL HOT WORE TASKES DEMAND A COMMON WORKING
LANBUABE. THE ELECTRICAL HOT WORE FROBRAM CAN FROVIDE
THAT LANBUAGE. THE SUFERVISOR OF THE FROCESS OFERATOR
AND ERUIFMENT IS SHOWN FILLING IN THE HAZARDOUS WORte
FERMIT WHILE THE ELECTRICIANS (Z) IN FULL FROTECTIVE
EQUIFMENT, THE OFERATOR WHD WILL FERFORM THE SWITCHING,
AND THE SUFERVISOR OF THE ELECTRICIANS LOOK ON.
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TYZICAL ELECTRICAL HOT WORK FROCEDURE CQUTLIME

10,0

11.0

12.0

13,0

Purpose

Qualification

Hazard Cl%ssification
Minimum Clearance Zone
Immediate Vicinity Zone
Limit of ﬁ#proa:h
Unique Hazards

Safety

Fersonal Frotective Equipment
Equipment

Reference Data

Frocedure

Sketches




Tdentifies the major equipment or device involved., 2.45.:
FROCEDURE EHWF 1035

Operation of 15 kv ground/test device for Allis Chalmers 15
kv Switchgear Bus 1A, 1R Main Substation.

Furpose

The purpose identifies the task to be performed. e.9.:

1.0 Purpose.

To describe a procedure for the operation of the Allis
Chalmers 15 kv ground/test inside the Allis Chalmers 13
ltv Switchgear Bus 1A,1E Main Substation to facilitate the
de~-energization of a circuit or the testing of & circuit.

Qualification

Identifies the minimum qualification and number of persons

required to perform the work. £.9.%

2.0 Qualification.

LIMIT 111 Ground Device Installer.
LIMIT II HMinimum Helper.

Hazard Classification

The Hazard Classification identifies the class of Electrical
Hot Work as defined by the Electrical Hot Work Standard for the
particular task to be performed. The supervisory control and the
requirements of a Hazardous Work Permit are identified in this
sectiorn of the procedure. €.9.1

=.0 Hazard Classification.

Class P (For Ground/Test Device) requires a Hazardous Work

Fermit. The Bupervisor respeonsible for the exposed worker

-




Tt

and the Supervieor responsible for the equipment shall
jointly review the work with the exposed worker prior to
ite ini%tiation, ard prior to re-energization of the
aaquirment after the work is complete.

Blass & (For the operation of the 13 kv Yoltage Sensar
only, refer to BEHWF 11%) reguires a Hazardous Work FPermit
with full %ime continous supervision by an Electrical
Supervizor specifically authorized for that job by Flant
Management.

Minimum Clearan—e 7one

The Minimum Clearance Zone is the area around the expnosed and

lEhEPSiEEd glectrical part detailed in FIGBURE 14 and TABLE 1. The

minimum clearance zone is established to provide a recognizable
absolute limit of approach for LIMIT II and LIMIT III qualified
personnel to sxposed electrically energized component=. No employee
shall penetrate the minimum clearance zone with any part of his
body, or approach wifh o aperate any object as an extension of his

body within the= minimum clearance zone.

The use of approved test equipment or live line tools
insulated for the voltage rlass being worked on and operated to the
manufacturers instructions, shall be permitted as an extension of
the employees body within the minimum clearance zone. The approved
e%uipment shall be operated by the employee from cutside the
miﬁimum clearance zone at all times. In addition, the use ;f
grounding devices that are designed to connect to an electrically
isolated bus connrection inside metal enclosed switchgear in

conformance with requirements for de-energization shall be

permitted. e.g9.:




4,0 -Minimoem Clearamce Zone - - -

The Minimum Clearance Zone for -15 kv phase to phase from
TAELE i Electrical Hot Work Standard for LIMIT II1 and
L TMIT 1f qualified persons is .6 meters (2 feet).

Immediate Vicinity Zoneg

The Immediate ¥Yicinity Zone is the area around the Minimum
Clema-~ance Zone tha* will allow an employee the opportunity to
penetrate the Minimum Clearance Zone by any part of his body, or by
tonls, test eouipment or wvehicles operated by the employee. A
persor in the Immediate Vicinity Zone is subject to inadvertently
penetrating the Minimum Clearance Zone unless extreme care is

experienced. A1l work in the Immediate Vicinity Zone is classed

25 Electrical Mot Work. Fersonnel working in the Immediate Vicinity

Zone must weawr the mrotective equipment identified by procedure at

all times.

The rerimeter of the Immediate Vicinity Zone can vary and

derends on three basic requiremente :
AY The voltage class of the exposed energized part.

B} The length of the tools being used by a person that could
inadvertently penetrate the Minimum Clearance Zone unless
extreme caution is used. e.9.:

Tf a person is conducting work 10 feet away From an exposad
energized component rated 4,200 Volts, and is handling a 10
f{oot long conducting component (Steel or Aluminum Cornduit?
while performing the work, the person could accidently

penetrate the Minimum Clearance Zone of 20" by using the




tool as am o=xtension of his body. This contributes to the
determination of the outer perimeter boundary of the

Immediate Yicinity Zone.

C) The fault level available at the point of the exposed energized

nart and the time regquired to clear that fault.

The fault level available at the point of exposure of the
pnergized cocmponent determines the temperature personnel will
be exposed to at a fixed distance from the part if an
zlzctrical arcs/flash occurs. The temperature will be minimized
by limitirg the let through energy at the point of the fault by
fast clearing action of the current limiting fuses or relay
orotective devices/circuit breakers. The temperature will
decrease by increasing the distance between personnsl ana the
source of the arc. This contributes to the determination of

the outer bourdary of the Immediate Vicinity Zone.

The Immediate Vicinity Zone is restricted to the personnel
performing the electrical hot work and who are wearing the
personal protective equipment identified By procedure. The outer
perimeter of the Immediate Vicinity Zone is also designed to
minimize the zffectz of electrical flash hazard to personnel not

directly involved in the electrical hot wark.

Fersons qualified to the LIMIT I level may approach the
distance specified in the Minimum Clearance Zone Tables by
invitation and direct continous supervision of a qualified LIMIT

IT aof III level p2rson. e.g.:t




5.0 Immediate Vicinity Zone .

A clear unobstructed area in front of the 15 kv Allis
Chalme-z cubicle to be worked on shall be marked using
#"Traffic”" cones. The area shall allow for the unobstructed
usz of the voltage sensors, ground/test device and _
hydraulic shutter lifting device. The area is designed to
minimize the effecte from electric arc flash burn. The
outside perimeter shall be appraximately 150" from the
live 15 kv bus stubs.

Access to the immediate vicinity =zone during the removal
amd installation of the grounding/test device shall he
limited to the two qualified personnel assigned to the job.
The approximate immediate vicinity zone is shown in

Figure ! of this procedure. (EHWF-1035)

Limits of Approach

0

Ontario., Canadz sets forth specific limits of approach for
peréonnel to exposed energized electrical parts through the
regulations for Industrial Estabklishments and Construction
Frnjéctau These 1imits of appreach affect all personnel in
Industrial Flants in Ontario. All plant employees must be aware
of the limitations imposed by this Act and that any encroachment “an

these limitations will require special training in the activity in

which the worker is engaged.e.g @

LH.0 Limit of Approach.

The Limit of Approach for LIMIT I qualified personnel for
this procedure shall be:

4.1 The area outside the immediate vicinity =zone during
testing and application of grounding device.

5.7 T mzters (10feet) from the exposed energized 15 kv bus
wher there is no established immediate vicinity =zone.

Unigue Hazards

This zection of the Electrical Hot Work Frocedure highlights
the hazards that were identified during the development of the

procedure. The hazards are those that may not be at first obvious




.

Lo

ngresnnnel

who will be performing the hot work. e.g.:

7.0 Unigque Harards 1S5kv Grounding/Test Device.

7.1

~d
-]

The grouwending/test device is equipped with three (3)
stubz that can be interchanged to either the line or
bus position, Refer to FIGURE 2 Procedure EHWP 105

The grounding/test device is designed to connect to the
isolated circuit to be de-energized (grounding device?
or tested (test device’.

IT I8 IMFERATIVE THAT THE FOSITION OF THE STUBS MATCH
THE FOSITION OF THE ISOLATED BUS STAERS IN THE
SWITCHGEAR CELL WHERE WORE IS TO BE FERFORMED.

The isolated bus stabs in the switchgear cell must be
checked for potential using the voltage sensor before
the grounding/test device is inserted in the cell.

The switchgear cell shutters are designed to open when
the circuit breaker or grounding/test device is racked
into the cell to the connect position. A manual
operation of the shutters is required by this procedure
to allcow for a potential check on the isolated bus
using the voltage sensor.Refer to Appendix B-8.
{(Electrical Hot Work Program).

Tha shutters must be securely blocked in the open
pesition before the voltage sensor is used. Opening
the zhutters exposes both the linre and bus terminals.

The minimum clearance =zone around the exposed energized
hus when the shutters are open is detailed in FIGURE 1.

. The operation of the grounding/test device to the

connect position in the cell will penetrate the minimum
zlearance =one.

The operator of the grounding/test device will
senetrate the minimum clearance zone using the
grounding/test device as an extension of his/her body.
Refer to Electrical Hot Work Safety Standard

XX XX XXX. '

The operation of the grounding/test device will be
handled by a LIMIT III qualified person only.

Two types of grounding/test device are located in the

Main Substation:
1y 1200 Amp.
2) 2000 Amp.

The electrical single line diagram must be consulted
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to detzrmine the Ampere rating of the EWitCthanCEII
being worked on before the job starts.

Bus insulation in metal clad switchgear is not designed
to prevent shock. Contact with this insulated energized
bus could result in shock, burns ot possibly death.
Refer to Allis Chalmers Maintenance and Insulation
Marnual and Safety Standard MS-IV-S Definition 8.

This section identifies or re—emphasises controls that must be

in place pri

work. e.g9.1

ar to or during the performance of the electrical hot

8.0 Bafety.

£ Hazardous Work Fermit shall be reguired for this
procedure.

All electrical conductors shall be considered energized
until temporary grounds have been securely applied to
the circuit after isolation.

The gualified persons shall both identify the 15 kv
Allis Chalmers cell to be worked’ in from the operator
single line diagram and electrical single line diagram.
A1l possible sources of feedback and all points of
isolation shall be identified on the operator single
line diagram and electrical line diagram.

The qualified persons applying the temporary grounds
zhall both wear protective equipment identified in the
Section on "Fersonal Frotective Equipment® of this
procedure.

The immediate vicinity =zone shall be established
hefore the job starts. )

The master tag and lockout procedure shall be used to
isolate the circuit before the job starts.

The temporary 15 kv grounding/test device applied by
this procedure must be checked each time work is
started after an absence from the job.

All insulated hand-held eguipment penetrating the
minimum clearance zone shall be tested and inspected
prior to use as detailed in EHWF—114.

The temporary 15 kv greounding/test device applied by
this procedure must be identified on the Master Card.




8.10 The temporary 15 kv grounding/test device must be
removed before the qualified persons sign off the

Master Card.

8.11 The gqualified persons performing the work shall be

familiar with the manufacturer’'s instructions on the

equipment identified in this procedure.

m
-

[
|

and the supervisor responsible for the equipment
jeintly review the work prior to its initiation and

prior to re-energization.

8.1% Continous supervision by an Electrical Supervisor
‘ specifically authorized to observe the operation of
the voltage sensor shall be provided when the LIMIT

I1] person uses the voltage sensor on the 13 kv cell.

Fersonal Frotective Egquipment

The minimum personal protective equipment required by

personnel to conduct the electrical hot work is listed in this

The supervisor responsible for the qualified persons

section. The quantity of equipment and a cross reference to the

equipment specification or -manufacturer'’'s data is identified in

this section.

Fersonnel performing electrical hot work must wear the

protective equipment at all times as identified by the specific

procedure. Substitutions for the identified equipment must be

approved by the Electrical Hot Work Committee. e.g.:

9.0 Fersonal Protective Equipment.

2 Pairs of Nomex III Flame-resistant
Coveralls

k-l

Face Bhields

Chieftain Citatian Firefighteﬁs‘
Helmets complete with Nomex Liner
”and_Elear Ealycarbnnate Faceshield

tJ

Fairs Class II Rubber Insulating
_Gloves with Leather Frotective Covers

i

1 Rubber Insulating Mat e imand

Appendix

Appendix

Appendix

EHWP-121

Append i




Eauipment

A1l the equipment that is required to perform the Electrical
Hot Work is licsted urder this section of the Electrical Hot Work
Frocedure. The equipment identified is specific to the particular

procedure and must not be substituted with unlisted equipment.

A cross reference is provided to equipment specifications
and/or manufacturer’'s equipment data. The equipment must be used in
accordance with the equipment specification and/or manufacturer’s
instructions and this data must be consulted by personnel

performing the Electrical Hot Work.

All temporary grounds required by procedure are identified in
this section. The grounds are identified by Master Tag Number and
are sized to take into accnunt'the available fault level at the

point the Electrical Hot Work is being performed. e.g.:

10.0 Equipment.

1% kv Grounding/Test Device ‘ Appendix B-Z
Voltage Sensor EHWF-11%
Shutter Lifting Mechanism appendix E-E

Reference Data

The reference data used to develop the Electrical Hot Work
Frocedure ic listed in this section. The data includes Electrical
Single Line diagrams, Operator Single Line diagrams and Equipment

I

Manufacturer ‘s Data.
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FLATE # 12

ELECTRICIANS CHECKING THE INTEGRITY OF THE VOLTAGE

SENSING TODL FRIDR TO USE.

NOTE: THE INTEGRITY OF THE TOOL WILL EBE FURTHER CHECEED
ON A KNOWN LIVE SOURCE USUALLY THE BUS CONNECTICNS
IN A CELL AT THE TIME THE LOAD CONNECTIONS ARE
BEING CHECKED FOR ISOLATION.




Ferempnnel involved 4n the Electrical Hot Work must be familiar

with the data referenced in this section. e.g9.:

11.0 Reference Data.
SJOTOI00 Electrical One Line Diagram
TOS0T00X  Operator Single Line Diagram

56 3218 Siemens—Allis Installation, Operation,
Maintenance, Farts, Instructions

56 =F8B Siemens—Allics Maintenance Guide for Switchgear
Feriodic Maintenance Frogram

Frocedure

The procedure section of the Electrical Hot Work Frocedure
identifiesz all the steps required by qualified personnel wearing
personal protective equipment using the specific tools or the
cepecific pieces of equipment te complete a specific taszk of

electrical hot work. e.g.:

12,0 FProcedure.

i2.1 The qualified persons doing the work shall hoth
identify the points of isplation and lock out and
check them against the operator eingle line diagram,
the electrical single line diagram and Master Card.

12.2 The guatified persons doing the work shall apply their
own locks to the points of isolation and sign on the
Master Card.

12.% The qualified persons shall discuss the job to be done
and have a complete understanding of the equipment and
this procedure.

12.4 The immediate vicinity zone markings shall be in place
and the qualified persons shall be wearing the
protective equipment described in this procedure when
working in the immediate vicinity zone.
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12.14

The qualified petsons shall identify the exposed
energized electrical equipment inside the Allis
Chalmers cubicle and visibly determine the minimum
clearance zone .6 meters (2 feet) far 15 kv and
establish the immediate vicinity zone and limits
of approach for LIMIT I qualified persons.

The qualified persons shall confirm that the position
of the stubs on the grounding/test device matches the
position of the isclated bus stabs in the switchgear
cell where work is to be performed.

Install the shutter lifting device securely under the
shutter lifting arm mechanism as detailed in Appendix
E-8., .

Open the shutters using the shutter lifting device
from outside the switchgear cell.

ENSURE THE SHUTTERS WHEN OFEN ARE EI OCKED OFEN.

Check for potential on the isolated switchgear stabs
using the veoltage sensor and voltage sensor operation
procedure EHWF-119.

Close the shutters after the voltage sensor potential
check using the shutter lifting device and remove the
device from the cell.

Confirm the isolated switchgear stabs match the
paosition of the ground/test device to be inserted
in the cell.

. Confirm the Amper rating of the switchgear stabs

match the +ating of the ground/test device stubs,i.e.:
1) 1200 AMP. or
2) 2000 AMPF.

15 kY GROUND DEVIECE:

This procedure is for the application of the 13 kv
ground and test device as a 15 kv grounding device
only.

12.14.1 Securely ground the ground device back to the
station ground using the 2/0 AWG copper cable.

NOTE: The switchgear sliding ground connection
from the switchgear floor mounted ground
bar to the grounding device carriage
shall not be relied on for a positive
ground connectian.
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12.14.2 Check that the bonding jumpers from the common
ground bar on the grounding device to the
grounding device =tubs are secure.

12.14.% Check the station ground bonding cable i=
cecurely connected to the grounding device
common ground bar. N

12.14,.4 Close and secure using a nut and bolt the
swing access door to the empty stub
compartment. The swing access door to the
grounded stub connections shall be left
unlocked to facilitate inspection of the
bonding Jjumpets.

12,.14.5 Insert the ground device in the cell and rack
intce the connect position.

12.14.6 Check the ground device ie secure in the
connect position by pulling back on the
handles attached to the front of the device.

132.14.7 When work is complete, remove the ground
device by releasing the interlock release ‘oot
lever and rack the device out of cell.

17.14.8 FRemove the grounding device from the master
‘ tag

15 Vv TEST DEVICE:

This procedure is for the application of the 13 kv
ground and test device as a 15 kv test device only.

The device shall be limited to a maximum Hipot test
voltage of Z8kYV DC for 1 minute or a megger test up
ta 5,000 Volis.

17.15.1 Securely ground the ground device back to the
station ground using the 2/0 AWG copper cable.

12.15.% Disconnect the bonding jumpers between the
common ground bar on the grounding device and
the grounding/test device stubs.

12.15.3. Check the station ground bonding cable i=
securely connected to the grounding/test
device common ground bar.

12.1%.4., Close and secure using a nut and bolt, the
swing access door to the empty stub
compartment. The swing access door to the
compartment containing the stub connection
shall be left unlocked to facilitate test
connections.
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12.15.9 Insert the test device in the cell and racl:
into the connect position.

12.15.6 Check the test device is secure in the connect
position by pulling back on the handles
attached to the front of the device.

12.15.7 When work is complete, remove the ground
device by releasing the interlock release foot
lever and rack device out of cell.

1{2.15.8 Remove the test device from the master tag.

NOTE: Reconnect the bonding jumpers identified
in Section 12.15.2.

Sketches

Sketches are provided in certain Electrical Hot Work Frocedures

to illustrate and further explain various aspects of the procedure

e.g.:

13,0 Sketches.

FIGURE 1 EHWF 105 Minimum E€learance Zone and
Immediate Vicinity Zone 15
kv switchgear cell.

FIGURE 2 EHWF 1045 Ground Test Device.

=
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LIMIT TI

|EHUTTEH

SGIDE ELEVATION

.{ E
15KV EXFOSEDZ= MINIMUM CLEARANCE ZONE
ENERGIZED '—'—r—/LIMIT III -
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—_ L IMMEDIATE VICIMITY ZONE
LIMIT II MINIMUM
T )
CELL DOOR

FLAN VIEW

15KV SWITCHGEAR CELL WITH CIRCUIT BREAKER REMOVED

AND SHUTTERE OFEN

FIGURE 1 (EHWF 1059
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TEAINING THAT LEADS TO QUALI#ICHTIDM

411 personnel who work in the plectrical envitronment in th=
rlant ars required to be rlascsified tc one of the three

gualification levels :
LIMIT 1

LIMIT I1I

The term LIMIT is derived from the term Limit of apptroach
universally used in the electrical industry to desecribe how close
a "gualified" person is safely allowed to approach energized

electrical equipment. See FIGURE 18.
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The tvpical qualification requirements and classifications for

serscnrel who work in an electrical environment are shown in TAELE

]

+

CLASSIFICATION QUALIFICATION REQUIREMENT
LIMIT I Training Level 1
LIMIT I1I Training Level 2

i~
v

e
-

4
=
=
[

A

Trairning Level

TABRLE =

Trairine Level |

This is an instructional training module designed for LIMIT I
emrloyees who from time to time work within an environment
irflusnced by electrical energy, but who have no need to approach
exposed energized electrical equipment any cldser than the limit=
dzfined in Bovernment regulations. For example, the limits of
approach detailed in TABLE 4 for the Dccupational Health and Safety
Act 1978 Regulations for Industrial Establishments and Construction

£111
Frojects in Dntario:Ii‘

Training Level 1 is designed to educate and instruct personnel
in the hazards of Electriec Shock, Arc Flash Burns, Arc Fressures,
Rasic First Aid methods, and the Limits of safe approach to exposed

e2lectrically energized components.




LTI I gualified personnel shall have training to chtain an

understancding of thz focllowing @

Ay FEleckrical Hot Work Bafety Frogram.

il Working safely in an electrical environment.
a?l Fhilosophy.
b Controls.
c) Aualification.
g7 Simplified Safe Work Fractices.
e} Operator Single Line Diagram.
23 Elgctric Bhock and Arc Flash.
al Hazards of Electric Shock.
bl Mechanism of Electric Shock.
=) The Effeécte of Electric Current on the Human Eody .
c) The Hazards of Electric Arc Flash Rurn.
2) The Harzarde of High Fressure Arcs.
£) Tirst Aid Rasics.

E: CGovernment Regulations.

Limits of approach to exposed electrically energizzd
components.
Cy  Ferecnal Protective Equipment.

The Training Level 1 will provide instruction in
electri= hazard awareness to personnel who will be required to

operate electrical equipment.




74

Traircinag Level 32

Training l.evel 2 contains the training and instruction leading
to gqualification through a written test and instructor assessment.
The Training Level 2 qualification allows personnel to work within

the limits of approach defined in Training Level 1 and upto the

minimum clearance zone as defined by TABLE 1 and FIGURE 14.

Training Level 2 consists of all of Training Level 1 plus
krowl=dge obtzined from electrical trade training programs and

plarnt safety modules.

LIMIT II gualified personnel shall have training to obtain an

understanding of the following :

A) Fundamentals of Electricity.

1) OHMS LAW.

2) SBeries Circuit.
) Farallel Eircuit.
4 Stép Voltage.

5) Touch Voltage.

& Grounding.

B} The Effects of Electric Bhock on the Body.

1) Touch Fotential.
Z) Step Potential.
=) Clearing Fault Time.

C) The Effects of Electric Arc Flash on the Hody.

1) Review of Energy Level available in Flant.
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23 Iimmedi=ate VYicinity Zone.

Clearing Fault Time.

Fersonnel Frotective Equipment.

1} Temporary Brounds.

21 Cire Resistant Clothing.

I Face Shields.

43 Rubber Insulating Bloves.

=) Rubber Mats.

b1 Care and Testing of Fersonnel Frotective Equipment.

Live Line Toole.

1) Voltmeters.

=y  Clip on Ammeters.

) Fhasing Bticks.

43 VYoltage Sencsing Tools.

= Care and Testing of Live Line TDnlé.

Safe Work Fractices.

13} Ma=zter Tag and Lock Out. .
2) Hazardous Work Fermit.
) Government Regulations. 5_ LIMIT I
4% Electrical Hot Work Standard.
> LIMIT II
=0 Fower Ltility Work Frotection Code.
&3 Electrical Het Worlk Frocedures.
7 Ezuipment Manufacturers Instruction Manuals.




FY Elscisizal Bystem Concept
0 Operz2tor Single Diagram } LIMIT I
23 Electrical DOne Line Diagram. LIMIT I1I

HY Maintenance And Inspection 0OFf Electrical Equipment.

The Training Level 2 will provide the electrical safety
awarzness for personnel to work Qithin the immediate vicinity
zane ard up to the minimum clearance zone. This training level
forms the basis for gqualification for LIMIT IT and LIMIT III

sersonnel.

Training tevel =

Training Level T will allow qualified Electricians to work
within the immediate vicinity zone and up to the minimum clearance
zome. This gqualification allows persénnel who are wearing ptropet
rersonal protective equipment to penetrate the minimum clearance
zone with test equipment and live line tools approved for the

voltage level being worked on, and operate them from outside the

LA} ]

minimum clearance zone.

-

Training Level =% consists of Training Level 1 and Training
Level! 2 plus knowledge obtained from electrical trade training

Programs, plant safety modules and job experience.
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LIMIT T11 qualification allows work
immediate vicinity
allows penetration
equipment suitably
and orerated using

LIMIT IT
minimum cl=arance

minimum clearance
minimum clearance

FIGURE 18

LIMIT I is the limit of
approach for personnel who.
work in an environment where
a source of electrical energy
is present but .do not need to
approach energized electrical
circuits or apparatus closer
than defined by government
regulations. e.g.:
The Occupational Health and
111
Safety Act of Ontario limits
the approach of personnel to:
2.0m. for 730V ~ 150,000V
4,5m. +for 150,000y - 250,000V
4.0m. Ffor 250,000V and above.
LIMIT I personnel cannot
enter an established
immediate vicinity =zone.

gqualification allows worlk to be carried
in the immediate vicinity zone arcund the
zone. The distance from the
zone is established around the
Zone by procedure.

to be carried out in the

zone around the minimum clearance zone plus

of minimum clearance zone using approved tect
insulated for the voltage class being worked on
the manufacturer’s instructions.




The _IMIT I qualification i=s for personnel who work in an
gnvirornment where a source of electrical energy could be present
hut whe de rot need te aperroach exposed energized electrical
circuits or apparatus cleser than that defined in Government
regulations. Feor example, The Occupational Health and Safety Rct

1578 Repoulations for Industrial Estaklishments and Construction

The distance from an exposed electrically energized part a

4
T
—
-
-

person must maintain ie termed LIMIT OF AFFRDACH. Fersonnel

nuzslified to the LIMIT I level are not allowed to enter an

m

stzblished immediate vicinity =zone on their own.

LIMIT OF AFFROACE. Ir all cases the worker requires specific

qualification te ensure that he is at all times aware of the
electrical hezarde that exist within the=e limits. Ungualified
persons and persens qualified to the level LIMIT 1 shall not be
=ilowed tc appreoach. or work, or allow any material or eguipment
to approach closer to ewnposed energized electrical equipment than

B
the diztarce given in TAELE 4.

Nomirnal Phaze to Fhase . Digtance
Voltage Range

750 to 150,000 Z.08m. {10 feet)
120,000 to 250,000 4,.58m, {15 feet?
FE0, OO0 ko 550, 000 6. 10m. (20 fest)

TABLE 4
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CHAFTER 10

SAFE WORK PRACTICES

or understanding of all safe work Practices are necessary to
make plant personnel aware of the rules and responsibilities for
working in an electrical environment. In most plants these
practices are usually already gstablished and form part of a

pereons training.

aster Tag and Lock Out FProcedure.

The Macter Tag and Lock out procedure is the establishment of
s policy for Tag and Lock out that assures the eguipment is
icolated before work bemins, and that eguipment upon which work is
in progress is maintained isolated until maintenance/construction

work is complete.

The review of this procedure and test for qualification under
Safe Work Practices shall be a mandatory training standard for all

LIMIT I,11,and 1II personnel.

Hazardous Work Permit.

. The Hazardous Work Fermit is one that is designed to protect
personnel and eguipment whenever potential hazardous work i= to be
merformed. The review of the Hazardous Work Fermit and test for
gqualification under Safe Work FPractices shall be a mandatory

trairing standard for all LIMIT I,11, and II1I personnel.

Siamt FElepctrical Hot Worlk Standard.

The Flant Electrical Hot Work Standard forms the basis of all

siertrical hot worlk performed in the plant. In the larger
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arganizations, thke Flant Btandard is usually written against a

Divigianal oy Corrpcorate Standard.

The review cf the standard, test and gualification under Safe

Work Practices shall be a mandatory training standard for all LIMIT

I,II, and III persornel.

oy |

nt Electrical Hot Work Frocedures.

E]

The Flant Electrical Hot Work Frocedures are established
rrocedurss for specific electrical hot work tasks and are written

against the Electrical Hot Work Standard.

The specific Electrical Hot Work Frocedures contain a great
ceal of information necessary to safely perform the identified
glectrical hot work. Fersonnel qualified to LIMIT I,II, and III
shall pave a working knowledge and understanding of the Electrical
Hot Worlk Frocedures prior to use. A review of the identified
Electrical Hot Work Frocedures with test and gqualification under

Safe Work Fractices will provide a valuable on-going training tool

forr 211 LIMIT I,II and III qualitied personnel.

Fower Utility Work Protection Codes.

Work in Flant Main Substations that connect directly to power
wtilities often require co-operation and communication between
Flant Operators/Electricians and Fower Utility Operators/
Electricians. In some cases plant personnel are requitred to work
under the rules of the Fower Utility. FPersonnel qualified to LIMIT
I whe are reguired to interface with the Fower Utility personnel,

ancd LIMIT II and LIMIT III1 personnel, should have a working
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krowledge and understanding of the Fower Utility Work Frotection

Codec=.

Op2rator Single Line Diagram.

The Operator Single Line Diagram can prove toc be an invaluahle
zafety tool for Dperators and Electricians charged with switching
and mazter tag and lock out duties. The Dperator Single Line
Diagram should not be confused with the Electrical Single Line

Diagram.

The DperatGP.Single Line Diaéﬂam is a gcale representation of
metal enclosed switchgear that puts the basic information found on
the Electrical Single Line Diagram in physical perspective. The
diagram i= a physical sca;e representation of metal enclosed
switchgear found on the Electrical Simgle Line Diagram. Each
cubicle or cell outline of the switchgear i=s drawn to a minimum

=C

il

12 pf 1 inch egquals 1 +foot.

The bus configuration and physical and electrical location of
the high wvoltage components is then overlaid on the switchgears
cutlire. The diagram showes all possible sources of voltage
rotential to the installation under normal and emergency
conditiors, and the location of devices for isolating such power
zupplies. Interlocks and a narrative of their function are
identified on each diagram. The nomenclature of each component cell

or cubicie is identified exactly on the diagram.

The imformation shown on the Opersator Single Line Diagram

a2llowe the coperator to identify the location of all power
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PLATE # 14

ATOR SINGLE LINE DIAGRAM

3
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FLATE # 1T

SLIDE OF 15KV SWITCHBEAR LINE UF THAT MATCHES THE
OFERATOR SINGLE LINE DIAGRAM.

Fbe

-~

iy




FLATE # 15

CHECKING MASTER TAG AGAINST THE OFERATOR SINGLE
LIME DIAGFRAM.
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to involved in switchimg operations including sources of

n

amppnhe

3

T

sck fesd prior to performing the actual switching operation.
Elpctriciane are able to identify and cross check points of
ieclation, =3, the location of load terminals or feeder terminals

in a switchgear cell prior to teeting for isolation using voltage

n
1]

ens=ing tople.

T

™

m

Operator Single Line Diagram has been a requirement in
Ontaric since 19460. Each metal enclosed switchgear assembly must
bove an Operatcrs Bingle Lime Diagram. The diagram is required to be

g in the Substation in a well lighted area.

=

frntt

ec*rical One Line Diagram.

The Electrical One Line Diagram or Single Line Diagram provides
an overview of the Flant Electrical Fower Distribution System. The
Diagram isc used for short circuit analysies, protective relay

co-ordination studies and planning electrical ewitching functione.

The Diagram is a schematic representation gf all the elctrical
power componente and their ratings as well as all the protective

devices with their input signals and output functions.

£ Single Line Diagram of the Flant Fower Distribution SBystem
should be hung behind "Blass” in a well illuminated area of each

Suhetaticer

Maintenarce and Inspection of Electrical Equipment.

Foorly maintained electrical equipment can be a hazard. Harsh

environmentsl factors such as high temperatures, excess moisture,

-+

corductive dust and other contaminates all contribute to loss O




s

-
.

1

t=gri

ty of plectrical insulation. Hard service conditions such

14

asz avarlcads, even full load on marginally designed components,
depp cvcling and vibration can result in circuit breakers and
switches that "freeze” in the closed position or in protective
devices that stick and fail to initiate tripping when needed.
Du»ing long term neglect people are subject to forget features of

dendian

G

, detailes of construction, procedure of opetation and

idioynchrasies of complex integrated process electrical equipment.

The kest way to minimize these detrimental effects is to

~erenanize the inevitability of their presence or occurrance and act

to detzct the deterioration before breakdown or malfunction

DCCUurns.

Regular inspection and maintenance will allow the LIMIT II and

LIMIT III electricians as well as the utility operating switch

perenon to maintain familiarity with the electrical equipment and %o

1+

a

ot

tzrmine the overall status of itse condition. The inspection

L}

should —onsist of visual examination as well as other non—-contact

data collection suech as infra-red detection of hot spots.

Fegular inspection and maintenance can detect impending
prablems so corrective action can be scheduled and performed in
time to prevent unwarranted failures. The switching activities
aszsociated with planned preventative maintenance provides the
exzrcise that circuit breakers and switches need to help keep them
erating freely. Regular bench test and calibration of protective
devices will enhance their capability to respond to overcurrent or
fault current signals and activate tripping of associated circuit

hreakars.




PLATE # 17

QUALIFIED LIMIT III ELECTRICIANS CHECKING THE
SWITCHING SEQUENCE AND THE ELECTRICAL SINGLE LINE

DIAGRAM.

111
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CHARTER 11

TEMFORARY GROUNDING

211 circuite are considered hot until 3

* The tircuit has been switched out of servicej
* Tegged and Locked apen;

* Checked for isolationy

* Testaed for isolaticns and

* DE-ENERGIZED EY THE AFFPLICATION OF TEMFDRARY GROUNDS ON THE
ISOLATED CIRCUITS

ISOLATED - A part is considered electrically isolated when it
has been disconnected from energized parts by
switching action, locked out and tagged, and is

checked to ensure absence of voltage.

Isolating a circuit ensures that the circuif is not connected
to any known source of potential, including potential backfeed as
identified from the Electrical Single Line Diagram. It dees not

mnsure that the circuit will be maintained at earth potential.

DE-ENERGIZED - {Dead) - means free frDm.any electrical connection
to a source of potential difference and
from electrical charge; not having a
voltage potential different from that of

the eatrth potential.




Izoclated circuites can become hazardous to a worker from many

sgurces if they are nct grounded to earth potential. e.g.¢

INDUCTTON.

Energized circuits adjacent to the isplated circuit can
induce voltages on to the isolated circuit. The
magnitude of the induced voltage varies with the
praoximity, veoltage level and curtent loading of the
adjacent circuits. In some= cases the induced voltage

will be of a continoue nature.

ACCIDENMTAL. .

Energizing an isolated circuit by operator error should
never occur when using an established Tagout and
Lockout procedure. Failure to identify a source of
back<feed during the isolation stage however could
Happen and the isolated circuit could become energilzed

through this backfeed.

WIND,
Air mpvement over long isolated tranemission lines
hecomes in itself an electro-static generator and

induces veoltages in the isolated line.

LIGHTHMING.

"I you domn‘t like the weather stick around for an
hour” is ar often heard saying. To the unsuspecting
line man lightning storms may be creating havoc on
diestant parts of the isclated glectrical system while

he iz bathinmng in sunshine. Lightning striking another




mart of thea system cnu{d result in transient voltages
which would make his work area unsafe if not properly
grounded.

De—energizing a circuit through the application of temporary
ground ‘s connected from thg isolated circuit to earth potential
will maintain the work area in the vicinity of the_gﬁcunds at
zarth potential. The correctly applied temporary ground’s will also
provide a low impadance path to ground that will facilitate fast
clearing of the circuit by protective relay action in the event the
circuit accidently becomes energlzed.

The low impedance path connection to earth potential provided
by the temporary ground’s will also mipimize the voltage gradient
in the work area. Minimizing this voltage gradient will in turn
minimize the voltage and damaging current shunted atross the worker
who will be connected in parallel to the temporary ground. For
e#ample, by adding temporary ground’s to FIBURE # 10, it can be
shown the current flow shuntad through the worker under fault

conditions will be minimized substancially, see FIBURE'S # 19A and I98.

R = BROUND JUMFPER OF .001
J OHME RESISTANCE

R = RESISTANCE OF WORKERS
B BODY AFFROX.1000 OHMS

R = BROUND RESISTANCE
B AFFROX. 10 0OHMS

R = CONTACT RESISTANCE AT
cC WORKERS HAND = O 0OHMS
FOR CALCULATION FURFOSE

R = CONTACT RESISTANCE AT
F WORKERS FEET = 0O OHMS
FOR CALCULATION FURFOSE

E = 15,0000V0LTS I}, &0HZ
SYSTEM VOLTS

R = CIRCUIT RESISTANCE = O
i OHMS FOR CALCULATION

FIGURE 19A . FURFOSE




15000 =
—_— F{J gé‘%B .

V3 = E
< FE + R R
[?c. ;? ‘+ & J C
= R + F
LR Te 5
o = B&&LO
ERQUIVALENT CIRCUIT 10 + 1 % 108y 10 X 307
R = O,.001 OHME 1000 + 0,001
I
= B&S AMFES
F o= 1000 OHMS
E I = 8&5 ® R = BeS w1000
J E 1000, GOl
K = 10 OHMS rE + R
5 J 1=
E = B&oD VOLTS 1 = 8&4.599 AMFS = CURRENT OF JUMFER

CURRENT FLOW THROUGH WORKERS SHUNTED EODY

—t
n

t

ReS — BAA.999 = 1 milliamp

It

THRESHOLD OF FERCEFTION

Temporary ground’'s should be roncsidered as an integral part of
every electrical distribution system. The size of the temporary
ground conductor and clamps must match the available short circult
currents where they are te be applied. The exact =ame
roneiderations that are given to permanently installed electrical

componerts must be given to the application of temporary ground’s.

The procurement of temporaty ground's for one Industry needed
to sceomodate the de-energization requirements of an annual
outage on the 230kv incoming power lines ehared, with The Fower
Utility and other local industries, used to mean a foot race
between the Industries to the local Electrical Equipment
Nictr:ibutor Stere. The winnimg Industry got the pick of the
temporary ground’s. The loser scrambled around and usually made do

with lzes than satisfactory ground’'s.

li}}




T+ iz important to note that a good set of temporary ground’s J
with adaquately sired clamps and conductors indicates knowledge and

competency and sets the tone of the job to be done. Consequently, |

geod grounding procedures are more likely to be followed.

\

TEMPORARY
GROUND

STORE. w

I

FIGURE =20

The Electrical Hot Work Safety Frogram ensures that ground sets
are correctly sized and idéntified for usé. Each procedure in the ‘
program that requires temporary ground’s identifies the ground’'s by
Tag #, See FLATE # 18. The temporary ground identified are

specifically built for the isolated circuit to be de—energized. : |
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FLATE # 18

Fault Currente Available.

The temporary grounding procedure identifies the fault levels

vailable at all the distribution buses in the Flant Electricel

fu

vstem. The ground conductors and associated clamps are eized to

mn

3
i
0
=

Lo zvailable fault currerts where they will be connected.

]

ah

=
[

Hh

£
n e

The temporary ground cables as shown on TAEBLE & are sized to
matchk the available fault current and clearing times of the fault
by relay protective devices/circuit breaker or current limiting

foses.

Shorter grounding cables offer lower resistance. Tremendous
frpcoe are irvolved during faulte which result in severe and
da~gerous cablz movement if there is excessive slack in the
=. Long leads should be lashed at come intermecdiate
=oint to reduce the hazard to personnel and dizslocation cof

geounding connection.
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MAXIMUM FAULT CURRENTS OF GROUMDING CAELES

! T
! COFFER !
: CAELE SIZE FAULT TIME RMS AMFERES
! AWB CYCLES
|
i & 14,800
! 2 19 H 12, 000 l
| 0 ; 8,600 |
| 60 : 5, 200 ;
|
' & 25, 00
1/0 15 ! 18,500
20 ‘ 13,000
&0 8, 000
& 1,000
29 15 21,000
0 15, 000
a0 10 a Q00
& 41,000
T/0 15 29, 000
0 21,000
&HO 13 ' GO0
& 47,000
4/0 15 37,000
0 24, 000
& 15, Q00

TABLE &




Clampes.

The temporary ground clamps are sized to match the availahle

fault current and clearing time, of the fault, by protective

devices.

1

It i= important to select clamps that will securely fasten to

the point of contact with the isoclated circuit.

G3363-1

C600-1615
Catalog Number T 633672 | G368 | G3363-]
ELECTRICAL RATINGS i :
| " Continuous Current (AMPS) 400 400 400
Fault Current - 15 Cycles (AMPS) 40,000 40,000 gs;ooo
Fault Current - 30 Cycles (AMPS) 30,000 30.000 2 5536'* i
FIGHRE Z1

4.FE. CHANCE GROUMD CLAMFE AND ELECTRICAL RATING TABLE
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Temporary ground’'s should be applied where possible with live
line teols that will put distance between the isolated circuit and

+he workman. The live line tool or BRIP-ALL should be identified in

the Electrical Hot Work Frocedute.

C403-0291
Single Plece

FIGURE 22

A.EB. CHANCE GRIP-ALL (R) LIVE LINE TOOL

(R} BRIF-ALL IS A REGISTERED TRADEMARK OF A.E.CHANCE
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Truck Broundine. -

Manv levaoe industries now connect directly to Fower Utitity
Euli Fower Systems. The growth in plant distribution syetems has
braught a corresponding increase in the fault levels available at

the point of connection with Fower Utilities.

T+ i= not unusual to have a fault level in the region of 9,000

MUE availakle from the Fower Utility.

The calculated values of touch and step potentials at these
Lault corditions can be potentially hazardous o fatal to

perzonnel working in an improperly grounded switchyard.

The Z230ky main switchyard in our example was designed to limit

touch potential to a value below S0 Volts and 25 milliampers.

\wuu\

]h
" ,‘i!ii;

FLATE # 19

230 HY MAIN SWITCHYARD
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The touch poiential was calculated using an estimated future fault
lewv=l value from the Fower Utility of 18,000 MYA symmetrical.

These calculated values of Touch Potential were developed under
fault conditions with a person standing on top of a ground
conductor buried under & inches of course clean gravel 1 Metre from

and touching a grounded metal structure.

Touch Potentials as opposed to Step Fotentials are determined
tc be the woret case condition because during a Touch Fotential
conditicon the current flows from hand to foot through vital body
organs. The current flow experienced during a Step Fotential passes

from foot through lower body to foot.

Trucks operating in switchyards or near exposed energized lines
need speciél consideration. Brounding the trucks to the ground grid
can =levate the voltage gradient at the truck under fault

conditipre. These high levels of voltage gradient will be harardous

The potential hazard exists even though the truck is connected
hacl *n the ground grid. Under fault conditions the voltage
gradient rise of the truck will correspond to that of the ground
gqrid, The area under and adjacent to the truck may be at a lower
potential because of its relationship with the ground grid. The
difference in potential between fhe truck body and grade may cause
heavy currents to flow through a person who bridges the gap with
his body. FIGURE # 23 illustrates the voltage gradient rise

diffzrences.
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GRADIENT CONTROL

MAT
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GRAVEL G MIN

TOUCH VOLTAGE
A CoTENTIAL AT
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VOLTAGE PROFILE OF SWITCHYARD UNDER FAULT CONDITION
SECTION A -A

FIGURE 27
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ial Rarard can be eliminated by providing the worker

vt

The pcian

who is required to touch the truck a work area that will have & ‘

L

corrL=Eepan

1

ing »ise in potential with that of the truck under fault ,
condition=s. This can be achieved by :
a) Making the truck work area an intergral part of the truck; i
or
%) By providing a portable ground gradient control mat that is
connected to the truck at the areas the worker is required
tc come in contact with the truck.
Fortakle ground gradient control mats that are connected to the
azscciated equipment provide the same function as a ground

gradient mat at an outdoor high voltage switch operating handle.

Fortable ground gradient control mats are relatively easy to

fabricate, FIGURE # 24 shows a typical design.

= e ~

| /o "AWG COPPER WITH

CLERR VINYL CLHORINE
MCKET IS0 Lo

GROUND CLAUP

i WELD CHAIN

| LINK TO ? GROUND c ONNECTOR
"9 RBAR§ BRAID
. o W |
_T - WELD -

WELD ! \
i
i

WNel .

"'. N 1374*3:119 FLAT \_
\@E"r\;\? ‘gﬁiﬁ% RAR. WEAVYE BRAID 1
X THROUGH CHAIN

LINK FENCE

FIGURE 24

PORTABLE GROUNDGRADIENT CONTROL MAT




Fortable ground gradient contreol mats should be stored in &

clean rlace preferably a substation.

1t should be noted that stepping off the mat during fault
conditione would be hazardous to the worker. However, the
wposure time to the hazard when the worker steps off the mat i=
very small when compared to the exposure time of the worker
pmerating the controls of the truck while standing on the ground
gradient centrol mat. It dees however higﬁlight the need for a
worker te minimize his exposed time to the effects of Touch and

Step Potential in & high voltage switchyard.

i} Minimize their time in the yard.
i1y Avoid unneccessary contact of grounded conducting equipment

Jetructure and temporary eguipment.

[
e
[¥N
L

When wallking take smaller than normal steps; and when

standing keep both feet together.
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Twoiral Eloctrical Hot Waork Frocedure For Temporary Ground
Identification and Storage

FECECERURE ¢ EHWRE — 122 {Fage 1| of %)

DNATE =

REVISION = 1

TITLE:

TEMPORARY BROUNDS IDENTIFICATION AND STORAGE

1.0 PURFDSE:

To describe a procedure for the storage and identification of
temporary grounds used in the Electrical Hot Work Frocedures.

F-J

]

The temporary grounds shall be kept clean, dry and free
f+rom damage at all times.

The grounds identified by procedure shall not be
substituted with grounds of a reduced electrical rating.

All grounds listed in this procedure and new grounds
added to this procedure shall be approved for use by
the Elzctrical Hot Work Committee.

Z.0 HAZARD CLABSIFICATION:

CLASS D {For Temporary Brounds). The supervisor responsible for

the exposed worker and the supervisor responsible for
the equipment jointly review the work with the exposed
worker prior to its initiation and prior to re-
energization of the equipment after the work is
complete.

4.0 BEOCEDURE:

4.1

The temporary grounds shall be stored neatly on racks
in the following Substations:
i} Main Substation
ii}) Substation 2 and =
iii) Combined Substation 4

All grounds applied to equipment shall be listed on
the Master Card used to isolate the =quipment.

All grounds shall be removed from the equipment and
master tag before the gualified person tesponsible for
the grounds signs off the Master Card.
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PROCEDURE ¢ EHWF —1237 {(Fage Z of 3}
DATE
REVIZION 3 1
1 TEMFORARY GROUND] WHERE USED WBVAILAEBLE AFFROX. SETORAGE FROCEDURE
JDENTIFICATION EAULT LEVELSICLEARING | LOCATION
SYMMETRICAL (TIME OF
| FAULT
aMEg
ITE—i to TG4 Main Gub 23,000 & Cycles| Main Sub | EHWRF-102
: 2T0ENV Bus
fT:—l tc TG- 2ROEN/ 1SRV 25, 000 & Cycles| Main Sub | EMWP-103
: i
ITG*? iSkY Curreny 31,000 & Cycles| Main Bub: EHWF~104
Limiting
- Reactor }
e !
"
T5-B & & C 15EV 31, 000 i Cycle Cambinedf EHBF-10%
Metal Encl. Sub 4 i
‘ Switchgear :
Load Bide
TG-% F.C.G. 45, 000 & Cycles| Combined EEHNP-iD?
aniy Bus . Subh 4 :
TGE-2 2 & C 1SRV 45, 000 i1 Cycle Combined CEHWR-110
Metal Ercl. Sub 4 :
Switchgear
Load Eide
ThE~10 8 & C 15kEV 45, 000 & Cycles | Combined | EHWF-110
Metal Encl. Sub 4
Switchgear .
time Side
TE-11 Allis 25,000 & Cycles | Combined | EHWRP-112
Chalmers Sub 4
S5kV Motor
BEtarter
TE-1Z, 12, 14 Mzir Sub 2T, 000 & Cycles | Main Sub | Bpare
2Z0EN Bus ‘




. FROCEDURE EHWF -~ 122 (Fage 7 of )
DATE
FEVISION = 1
TEMFORARY GROUND| WHERE USED | AVAILAERLE AFFREOX. STORAGE FROCEDURE
IDENTIFICATION FAULT LEVELS| CLEARING| LOCATION
SYMMETRICAL | TIME OF .
FARULT
AMPS
TG-15 g & C 19KV | 32,000 1 Cyéle Combined | Spare
Metal Encl. Sub 4
Switchgear
Load Side
Th-156 F.C.G. 45,000 4 Cycles | Combined | Spare
&0V Bus Sub 4
TG-17 Z2TCkEY Main | 235,000 & Cycles | Main Sub | EHWR-102
Sub Yard
TE-18 ZE0EY Main |27, 000 4 Cycles | Main Sub | EHWP—-102

Sub Yard




TEMEDEARY GROUND CABLE

IDENTIFICATION

" M .

e e e e e R B

—

0
Ee)
m

230bkyv Line

. -1
G. -2
G. ~-%
5. —4
G. -5
G. &
G. -12
G. -1i=
G, -14

Fal

T6-

EHWF=

Storage Location

Main Substation

H

USE GROUND CL&MF STICK
CATALOGUE NUMBER C&O0-0&17,20,41

l:]\_ BIT&T

i [:}'/r-——Chance CERLE~1

ELECTRICAL RATING

CARLE

1/0 AWB Coprer

Clamp B354%9

Clamp C3E543-1

FAULT TIME

&
15
0

a0

&
15

AR

15

a0

cycles
cycles
cycles
cycles

cycles
cycles
cycles

cycles
cycles
cycles

Cover

CHAMCE

———— 1/0 AWB Copper with Folyvinyl
Chloride Clear

e
g

FAND

FALULT AMFS. SYMMETRITAL

25,300
18,500
13, GO0

8, 000

AG, OO0
30, 000

25 5 L0

25 . Qo

Amps
Ampe
Amps
Ampes

Amp
AMPs
AmMps

Amp
Amp e
Amps




EHWF-122

- o -
7 |
T G-I 5

—

|

\ g'x4" WHITE PLASTIC
AN LAREL LETTERSTO RE 2"
N HGH
GROUND CRRLE
HEAVY DUTY TIE WRAP
TYPICAL GROUND TAG

FIGURE 1




TEMPORARY GROUND CAELE

EHWF-122

Storage Location

TDEMTIFICATION T.6. -7 Main Substation

#a
B4754.1 ‘
4 way clamp
G 2/0 AKWB cu
& On

Current Limiting
Reactor Grounds '

Cei—-1615

ELECTRICAL RATING

CARLE FAULT TIME

& cycles
2/0 AWE Copper 15 cvyecles
30 cycles
&0 cycles

cycles

&
Clamp CoOO~-1&15 15 cycles
0 cycles

#* BRIF-ALL is a Registered Trademark

S Ce00 — 1615

#Z/0 AWGE Copper with
Folyvinyl Chleoride Clear
Cover

USE GRIF-ALL (R} GROUND
CLAMF ETICHK

CATALOGUE NUMEER
C40Z—-0Q271

FRULT AMPE, SYPMETRICAL

21,000 Amps
21,000 Amps
15,000 Amps
10,000 Amps

- Amp

4, GO0 AmMps
I0,000 Ampe

of A.EBE.Chance.




Srmurd Farlt Circuit Inmterrupter and Assured Grounding

The use of ground fault circuit interrupters is not a
substitute for assured grounding nor is assured grounding a total
erotection for persennel using portahle electrical tools, lighting
and test equipment. In confined spaces and moist locatieons both are

~=gquired.

Listed nr labelled portable tools protected by an approved
syst@m of deouble irsulation may be used and the tool itself need
not be grounded. Such equipment shall be distinctively marked to
imrdicate that the tools utilize an approved system Df‘dnuble
ineulatinn. 411 portable equipment not double insulated that is
ntilized above S0 Volts must also be protected by ground fault
cireuit interrupters. Where used for personnel pPDtecfiDn with

portable equipment the ground fault circuit interrupters must be

the type that trip at & milliamp T milliamp in 7.24 seconds

i
“h

n

zhown by Figure 25. They must be tested for pickup level and

-
=1

tripping prior to each use.

Azsured grounding must be regularly checked as part of an
“Aésured Equipment Grounding Conducter Frogram". For single grounds
in =mall e£ectrical systems the check can he by a three point
ground test method. It becomes more complex for large electrical
systems where multiple ground paths exist. In addition to using a
three point ground test method to verify the low resistance of

earth ground, the integrity and continuity of various ground paths

must he confirmed by visual inspections and by ohmmeter test across
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134

jointz. To be "sffectively grounded” the path from circuits,
2auipment, structures, and conduits or enclosures to ground shall
he nermarent and continous, have ample capacity to safely conduct
the currents liable to be imposed on it, and have sufficiently low
impedance to limit the potential above ground and to result in the

effective operation of the overcurrent devices in the circuit.
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CHAFTER 12

FERSONAL FEOTECTIVE EQUIFMENT

Perzpral protective eguipment required for electrical worlenrs
performing electrical hot worlk tazsks is a growth industry. The need
far protective clothing specifically designed and tested for
clectrical shock and arc flash hazard is only now being recognized

=rnd standards developed.

Taday. electrical workers who are exposed to potential

1}
T

2 1 wazarde are wearing an assortment of protective

ect

A
fn

%
13

n

lothing. The clothing varies and could include coveralls made from
syrnthetic Aramid +fibers originally developed for chemical workers,
race car drivers, and army, navy and air—force pilots, or could
include protective flaszh suits originally designed for foundry

riz2z
workers.
The philosophy of the Electrical Hot Work Safety Frogram is to

nrovide zlething that mzximizes worker protection while encouraging

da

1

worker narticipation through the prnviaion-nf comfortable,
practical clethirng. For wample, personal protective clothing added
or top of street clothing for workers in a Canadian winter could be
2 welcome relief. However, pereonal protective clothing added on
top of street clothing for workers in a Bulf Coast summer could be

hurderzome, hot and not at all welcome. Fersonal protective

n

lething such as flame resistant coveralls required by the

m
—

sctrical Hot Work Safety Frogram can be integrated with naotmsal

worl wes and can be worn in place of normal work coveralls.
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Tor many vmars the emphasis on personal protective clothing has

1}
)]
1"}
3
o
)
1
]
)
<
-
.
M
z
8]
=
]
%

protection against electrical shock hazard.

Suhlic Tlactris Utilities and electrical lineman contractors have

lzd the £fi=21d in protecting against this hazard by establishing

dzrds for rubhes insulating gloves, rubber blankets and tinted
. [&]

2 protecticrn. The protection has primarily been designed for use

>~ zrnd around electrical equipment in open places. For example,

z¢le lines. The protection against arc flash burne with %he

£ +inted eys protection has been secondary to that of

The growth in Industrial plant power distribution systems has

ir recent yzars resulied in a corresponding growth in the awarenesss

of potential electrical safety hazards. Industrial electricians are

\

inet now taking the knowledge and developments in electrical safety

fwmam the Sfublic Slectrical Utilities etc. and adapting them to the
Indusirial plant environment which is typically more confined and
has areater nesd for continuity of operation. Modern industrial
plectrical hot work safety programs should give squal attention to
£33
elzstnizal shock ard electrical arc flash burn hazard,
2 use of perscnal protective clothing in the Electrical Het
Work Safsty Frogram is designed to minimize the severity of

uries that may occur when the hazard is out of controcl. The

inj
nrogram combines commercially available appatel that protects
again=t a variety of potential electrical hazards. =.9.:

a' Elect=ical Shoclk’

jad Elactrical Arc Flash EBEurn
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cY Witrmavinlet Rzdiation

L.
e
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L

e Lighkt Radiation

5

e} Irfrzred Radiztion
£) HMeoltenm Metal Splatter

9} FPrescures developed by fArcs

The merzcnal protecitive clothing reguired to protect againcst

"
mn
6]
I
i
1
I

i siectrical hazards must cover all parts of the bedy

givimz unsest-icted movement and visibility. The clothing

Ilt

1 consist of the following ¢

RE

Hezd, Face, Meck and Chin Frotection
B* Eys Protection
Cy) Face Protection
LY Zody Frotectison
Er Ez» Frotection
F: Hanc Frotection

G Tapt Frotection

Load, Tacg, Neck and Chin Pretection

The head, face; rneck and chin pretection reguired by the
qram is provided by a flame resistant Fireman’'s helmet that

ines the +nllowing features

17 Siu (&) inch clear polycarbonate face chield attached to
the helmet. The face shield will protect the face from

me+tal splatter and will eliminate up to ?7.9%7% of

3
]
(=
ot
4
a
3




} -

)
m

2} A svnthetic aramid fiber flame resistant liner that
attaches to the inside of the helmet and covers the neck,

gars ant chin =f the warker.
= The helmet absorbs shocks.

4) LIGHT WEIGHT CONSTRUCTION.
The flame resistant Fireman’'s helmet while slightly heavier
than the regular hard hat duplicates the latter in
app=zarance and maintenance.
Some industries have selected a full flame resistant hood
with irtegrated face shield for head, neck, face and chin
protection as an alternative to the, flame resistant

L1213
Fireman’s helmet.

m
L
]

Fratection

persens performing electrical hot work shall wear eye

3
1
fort

protectinn, The radiation emissiaon on an electric arc is
iliustrated in Figure 2&. For complete protection, the eye
rrotection skould eliminate/reduce the following harmful radiation

)

emissions detailed in Table 7.

REGION : RANGE ; EYE DAMAGE
: :
ULTRAVIOLET : 200 - 400 NANOMETERS CORNEA AND LENS
ELUE LIGHT i 420 - 440 NANOMETERS RETINA
- INFRARED 770 - 1400 NANOMETERS RETINA
1440 - 2000 NANOMETERS CORNEA é
i j

TABLE T
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Cloar alass lenzes cffer little protection from the

Ultwavicslet, Elue Light or Infrared radiation emissions of an

Clz2ar Folycarbonated lenses while filtering out 99.9997%4 of
Uitravieclet radiation emissions from an electrical arc flash, offer
marginal improvement over clear glass when filtering out Blue Light
and Infrared radiation.

fio]

Colour tinted Falycarbenated lenses can be cbtained with 1.7,

2.0, 2.5 .7 density ratings. In all density ratings of

[H]
|

o

. nd
Folycarbonated lenses, Ultraviolet arc emission radiation is
virtuglly (92.297%) filtered. Increasing the density rating also
increaces the filtering effects from Blue Light and Infrared arc
amissicn radiation. ﬁt.khe 1.7 density rating S0% of Blue Light and
P04 of Infrared arc emission radiation is filtered. At the =.0

density rating 88% of RBlue Light and 23% of Infrared arc emiscsion

sadizaticon iz filtsred.

For elzctrical hot work a Folycarbonated impact resistant lens
af 1.7 density rating is recommended for normal davlight hours.
Clear Polycarbonated impact resistant lenses are permitied where

VL

irility i=s limited., In all instances the eye protection should

n

be worn undetr a full face shield of clear Folycarbonate.

Folycarbonated lenses also provide superior protection against

[22)

molten metal splatter when compared to the cleatr glass lens.

When thz molten metal touches a glass lens the rapid heating

causes the glass %o expand unevenly and the lens could crack or




The safeity lens is cunstructed‘by firet heating the glass lens
to a nea- molten state then cooling rapidly. This heat treatment
process freezes the outer surface in ite eupanded =tate thereby
rlacing the puter =urface in compression and the imner core in

tension.

Folycarbonate maintains it=s impact resistance when scratched,
pitted or exposed to molten metal splatter because of its tight

mol=zculsr cobesion.

9
bt
.t

arce Perptection

Clear Folycarbonate face shields that can attach to the flame
rpzictant Fireman’'s helmet and cover the face provide the eyes a
firet line of defense against weld splatter and Ultraviolet

wadistipn emissicns of an electrical arc flash.

D} Body Protzction

Flame tre=istant coveralls.

Selecting the correct flame resistant coveralls for an

Hil
et
m
n
o

wical hotwork program is as important as getting the

2!l workers to wear them.




[

£
1.3

The rsrogram recommernds light weight coveralls that duplicate

normal work wear in appearance and maintenance. The coveralls must

E= =

£
Ly

rakle of heing cleaned regularly without loosing their fire

~acictant qualities., The coveralls should cover all the workers

-

dv no% covered by flame resistant head, neck and chin preotection,

5

=

0

a

-

e shield, rubber insulating gloves and foot protection. Long

n

ukton dowr sleseves and high button collars should be a standard

i

Toztursp of the coveralls.

Tiame retardant treatsd (FRT? cotton is superior to polys=zter/
cotton fabric, and man made Aramid flame resistant garments offer

fzr superior protection than FRT cotton.

One leading Manufacturer pf synthetic Aramid fibets has
ronducted extensive tests that demaonstrate the superior flame
registant qualities of synthetic Aramid fibers co%pared to FRT
cotton suits. The tests show the body burn area consisting of 2nd

and 3Ird degree burns can be reduced considerably when 4.7 pz/yd

synthetic Aramid fiber is uged in place of 1< oz/yd FRT cotton.

] Ear Frotzction

Considerable pressures are developed during slectrical arc
faults. These pressures have been known to blow equipment doors
open, cause structural damage in electrical rooms and forcibly
proiect people backwards away from the source of arc. Needless to

[13]
=zay, these pressures are also damaging to the human ears.

The use of ear protection in the Electrical Hot Work Safety

Frogram is limited toc the protection from electrical arc pressures.




urinz nosmal switching functions texcluding 11Skv
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zrd shove aie hlast breakers! has been coneidered but dismissed
hesauze of the importance of hearing the latching "CLICKE" and/or

Trip/Closing actions of circuit breakers etc.

A8 variety of ear protection is usuwally readily availakle in
most Imdustrial locaticns and most can be adapted for wear with the

required head protection for glectrical hot work.

= Pand Protsciion

The use of rubber insulating gloves is mandatory in the

Electrical Hot Work Szafety Frogram for each person performing
electrical hot work. The use of rubber insulating gloves in the
program will provice additional protection for people performing -

el=ctrical hot work and arz not intended for direct use on exposed

— b

2

energized comporents.

There are twn tvpes of rubber insulating gloves and four

~laezifications within each of the two types.

Tvpe 1 are non rocistant to ozene and are made from vulcanized

natural or synthetic polyisoprene rubber.

¢

Type 2 are resistant to ozone and are made from eleastomer or

glastomeric compounds.

The class of glove identifies the maximum voaltage system the
cicves are designed for. The maximum voltage system is determined
am the wall thickness of the glove and the corresponding velitage

Ay -
[

+

-tecst.
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Tyze Il are resistant to gither one or a ctombination of ozens,

L

flame and oil and arz made from elastomer or elastomeric compounds.

Thz clazs of mat identifies the maximum voltage system the mats
z2~2 dezigned for. The maximum voltage system is determined from the

thickness of the mat and the corresponding voltage proof—tect.

The mats are available in various standawrd 24, 30, 74, and 48
inch widthe., Each piece of matting should be permanently marked at
a mauwimur irterval of T feet with manufacturer, type, class and

standard oFf manufacture.

[152 :

Table 1D identifies the Classes and Voltage Levels for Rubber
Ir=ulzting Mats=s.
! : ‘
fTYFE I CLASS @ CLASE 1 CLASS Z TLASS = CLASS 41
TYFE II *{ RED ) * (WHITE) *(YELLOW) ! *(GREEN) *(DRANGEﬂ
Froet test |
Uolitage o 1 10 20 30 _ 40
=ME EY :
:PPEG4 test
Woltage 20 40 50 : &0 70y
DC KV !
Meminal Mad. X ; .
%use Unltage 1%% 7.5 , 17 26.5 i &
A
l i

TABLE 1O

= Marlking of mat can be permanent moulding running the length

=% the mzat or golour coded labels.
#% The maximum use voltage for Class 0 type mats i= based on the

tcllowing:

Mausimum uwse voltage = 0.95 a~c proof test voltage — Z00.

,_,._....._
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ting mates shall be labaoratory tested every 12

1]

Rubbe» insul
the integrity of the mat is suspected at any time

ke

montas. I+

because of cracks, =iretching or punctures, the mat shall

withdrawn from service and laboratory tecsted.




CHAFTER 13

NS ATED TEST INSTRUMENTS, MON-CONDUCTIVE TOOLS AMD LIVE LINE TOOLS

Rualified electricians are aware that providing distance
between their body and euposed electrically energized components is
the safest way to avoid electrical shock or flash burn hazard.

However, situations invelwving troubleshooting, repair, maintenance

:ng zome operations cannot be performed without some method of

4]

contacst for manipulation of test equipment, moving parts or
~=moving and irnstalling components. Many specific electrical hot
work =safety procedures stipulate the insulated test equipment, non-

renductive toolzs and live line tools needed to perform certain

ke,

in

(o=

Emplovees shall not contact exposed electrically energized
components unless they utilize adequate personal protective
eauipmant, position themselves outside the minimum clearance zone
and worl with approved and suitably insulated test equipment, non-
—ondusz*ive tools and live line tools for the voltage class upon

~which werk is to be performed. Employees shall not attempt use of

Ims

1

ted test equipment, non-conductive tobls and live line tools

i1

cn exposed electrically energized components until they have been

irstructed or are under training in there proper use.

e insulating integrity of insulated test equipment, non-—
corductive tools and live line tools is of paramount importance and
not to Ee compromised. They shall be stored, handled, maintained

ard spsrated in & manner to preserve their insulating qualities.
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MamoLfocturer’s instructions are to ke carefully fellowed in these
roosrde, They shall be carefully wiped clean with a =silicone
impregnated non-conductive lint free cloth prior to and after each
nee. They should neve% be laid on the ground. A clean dry tarpaulin
cshould be kept at the jeb site on which te lay thé tools and to
cover them when they are not in use. Frior to each use the overall
conditiorn of the insulated test equipment, non—conductive tools and
.z toole should he inspected. If there is any doubt about
its mdecuacy the tool must be tested before use. Dtherwise they are
tc be tected as focllows

* Insulated test instruments shall be electrically tested at
least every 12 months.

* Nom—conductive tools shall be electrically tested at least
every 12 monthe.

* Wooden live line tools shall be electrically tested at
least every 12 months.

* Mam mad fiber live line tools shall be electrically tested
at least every 36 months.

Trmeulataed Test Eouipment

Fotential irdicating devices are the mpst frequently used type

ot insulzted test equipment. These include :

* Veltage detection and phasing sticks
= Voltmeters

* Clip—on Ammeters

* Wattmeter

Joitage Detection and Fhasing Btick

& number of pztential indicators of various types and voltagz
ranzes are marketed for use in cbtaining a reliable indication cof

wrimary potential. Most will show presence of voltage en a line or




zavisament component But will not give an actual reading. The
lighted pctential indicators such as James G. Eiddle’'s "DETEX"
shown in Figure 27 may be suitable for testing a piece of eguipment
just tD.determinE energized or de-energized conditiomrs or to
determine indication of two conductors in phase. For equipmeht that
is mnormally energired 2 metered type potential indicator such as

A.%, Crancz’'s "FHASING TESTER" shown in Figure 28 may be desirable.

wWhern us=ing these voltage detectors and phasing sticks a voltage
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rifiar or cross check s=hould always be performed to assure the

device is aperating and/or reading correctly. A good solid contact

il

Eetween thz indicator and the test point is needed. A check should
always be made te determine that the indicator has the proper phase
to ground rating for the voltage to be applied to it. An isolated
line or component having a voltage induced from the energized
equipment may give a positive reading with these indicators. If an
sssumed isﬁlatﬁd line gives an indication of voltage potential all

inte of 4

tion should be re-checked to determine the cause of
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tke indication.

Volitmeters

Yoltmeters measure potential difference between two points and

require a direct conmection using meter leads. The leads should be

-r

properly insulated for the highest voltage on whichAthey may be

. applied and fused to provide some protection should the meter or
l2ads become defective. Meter leads should be connected negative to
négative and positive to pogitive. If multimeters are used they
must be se=t for the proper function. When making unknown

measurements the meter should be set to the highest scale prior fo

making contact with the lesads angd the leads shculd be removed from




he circuit under test while changing scales. The meter indicator

ehaulcd he "rerped"” befcore a connection is made in arder to phtain
more accurate readings. Dverall the use of multimeters should be
discouraged. Voltmetérs that have the following features are

L1&13
prefersed

* A meter to read volts AC or DC.

* Auto ranging - one scale fite &ll.

* High resistance probes — 1 megachm in each probe.
¥ RétFactable tipse for probes.

* Compact — ne larger than a wiggy.

* Read up to &40 volts.

x Three foot lead length.

* Low battery indicator.

Clip—0On Ammeters

Clip—pn ammeters measure alternating current without
interrupting the circuit. They can be used on either covered or
rare wire but eshould not be used over a concentric neutral shield.
To avoid damage to the meter mechanism, set the scale to the
highest positien before using the meter. Remove the meter from the
conductor and drop to a lower scale then reapply the meter until an
accurate range is found. Current readings on circuits above &00
velte may be taken using an approved live line tools such as A.E.
Chance’'s "AMERTONGS” shown in Figure 2% to hold the clip-on

ammeter.

Watimeter

The wattmeter is= a combinatior of the voltmeter and clip-on




ammeter with an iren ccre dynamometer. In order to facilitate
~crnnectiens the properly insulated leads should be equipped with
irsulated c¢lips and spring loaded probes that can be installed aor
removed as required. Frotective fuses should also be available in

the leads.

Nagnconductive Tocols

Electricians have prided themselves in hand taping or hand

dizring thzir favourite screwdrivers, pliers, wrench or wire
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em "safe' for use in possible contact with low

electrically energized components. Only recently have non-—-
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ive tmols designed specifically for wark on potentially
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c
energized equipment up to 1000 volts been made available. One such
full line of nomconductive tools shown in Figure 20 are now
svailable +From Asplundh - Sibille. When new and/cr just after being
successfully valtage tested they may provide adequate protection
when used on 1000 volts or lower rated equipment. However, they are
subj=ct to considerable abuse and continued use of tubber gloves is
recommended. They should not be relied upon as the primary means of
protection or isolation, but they can reduce the risk of damage or
inﬁury raused .hy accidental contact by uninsulated metal shank
tpele and they can serve as a secondary means of persaonal

protective features.

Live Lira Tocols

Many designs af live line tools exicst for performing specific

taskes., They range from the short disconnect stick used on cutouts
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vak univessal poles with interlocking tonls to hinged,

~ model finger grip or clamp grip sticks. Various adaptors
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snd mad fittirgzs are available to facilitate taske from picking up

ard moving wires te tightening nuts.

Wh=n employees must use live line tools as an gxtension cof

diez *p reack inside the mipimum clearance zone at least

r
O

twe guslified employees cshall be assigned to do the work and ne

cther work =hzall ke in progress in the same area.

FIGURE =7
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Checking Phase Connections

PHASING TESTER
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AMERTONGS

One Tool Adjusts To Fit Popular Ammeters;

Amprobe A6

Columbia AC-1

Columbia AC-DC

Ferranti 7-Range

G.E. Snapper 1560, 350, 1,000
Series

Weston 633

-
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FIGURE =2




k=

T

USER BENEFITS

FEATURES

Provide additional worker protection against electrical shock, burns
and filashover, .

Reduce the risk of damage to electrical equipment caused by
accldental contact of uncoated metal tools with energlzed parts.

Meaet or exceed all applicable U.S. and international standards.
Eliminate unsafe practices, such as wrapping metal toois in
electrical tape, and the faise sense of protection provided by soft-
coated tools.

Unmatched performance guarantsa.

The base tool@la manufactured from the highest quality
chrome-vanadium alloy.

The virtually Indestructible, shock-resistant white Inner coating
|s positively bonded to the tool.

Thae stops @on pliers are of specially treated nylon, providing
15,000 volts insulation,

The ribbed handies @ insure positive grip, aven with oily gloves.

@ The orange PVC outer coating is fully bonded to the tool. it is selt-
extinguishing and non-corrosive.

Insulation Is guaranteed to 10,000 volts over a temperature range of
—4°F to +180°F (—20°C to +70°C).

FIGURE 2@
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T 7T DEFINITIONE

1]

Auttorizes Ferson — One whe has been appointed by the emslover

accemss to controlled areas or to have charge of hazsardous

rha-ged - Is=olated but not de-energized — containing stored

enaroy — at a potentisl different from earth or ground.

Corductor - That part of electrical equipment, apparatus, or

H

wieg intendsd to conduct the flow of elecirical energy.

De-snergized {(Dead) - means free from any electric connection
to a source of potential difference and from electric charge; not
having a potential different from that of earth.

.

Electrical Hot Work — Any work on or in the immediate vicinity
~f tme mirimum cleasance zone of an exposed and electrically

prergized altesnating or direct current electrical system.

Euwposed — as applied to live parts means that a live part is

ahle of being acciderntly touched or approached nearer than =

cz2fe distance by a person. Arn exposed part is one that iz pot

1t=h1y zuarded. physically isolated, or insulated.
¥ 85 3 3
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Gweounded — Meiallically conmected to ground

Guarded - A part is considered guarded when it is covered,

ded, fenced, enclosed, or otherwise protected by means of

suiteble covers, casings, barriers, raills, screens, mets, or
rlatforms =0 as te remove the likelihood of dangerous contact or

- . - 3
~roesh by persone o ohiects.




Zuard Inne — 8pece around an exposed electrically energized
zomronent normally protected againzt intrusion by guards
zusficiantly strong and supported rigidly enough to prevent them

from heing displaced by a person falling against them.

Immediate Vicinity Zone — ig the area around the Minimum

" T

I
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vance Zone that will allow an employees the opportunity to

Ao

4
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r2%e the Minimum Clearance Zone by any part of an employees
“cdy or hy topls, test equipment, or vehicles operated by an
zmmloyes. £ person in the Immediate Vicinity Zone is subject to
inacdvestantly penstrating the Minimum Clearance Zone unless extreme

«cercised. The Immediate Vicinity Zone can vary and

—arp iz 23
depends on the voltage class of the system, the length of the

approved test equipment, the dimenszions of the grounding device
beirg uzed to penetrate the Minimum Clearance Zone,the fault level

svxilable at the expased part, and the time required to clear the

=ulzted — For conductors and parts lesz than 5&0@ volis to
=wpound, barriers, enclosures, or insulation suwitable for the
voltage conditions ipvelved may be used. For conductors and parts
yreedineg 5000 volts o ground; non—shielded insulating covering

=zhall neot be considered adequate.

Tznlazted - A part is considered electrically iscolated when it

n

LYae been disconnected from energized parts by switching action,

locked out, tagged, and checked to ensure absence of voltage. A

i

[

A part is conesidered physically isolsisd wh=n zoozss bo Phe pzed
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=-krances: or when special means are required to access the part.

Mimimum Clearance Zone - is the area around any exposed and

energqized slectrical part. No employee shall penetrate the Minimum

)]
[*H
]
t

Cigarance 7one with any part of his body. The use of approved test
equipment suitably insulated for the voltage class being worked on

x

and operated to the Manufacturer's instructions shall be permitved

1)

ae an esmtzreion of the employee s body within the Minimum Clearancs

i

sane. The approved s=guipment shall be operated by the employes from

outzide the Minimum Clearance Zone at all times.

Dwmer/Employver — The Compary, Corporation or entity that has
orime ownership of facilities and equipment and that provides

cverall direction for working conditions.

-

£l

nalified Ferson — One who is competent by knowledge, training

and euneriznecs to perform assigrned work.

Repzir Work - The act of removing, installing, modifying or

lectrical components or wiring.

Troubleshooting — Work performed on an energized system to
permit determining the cause and location of a praoblem or condition
nf the electrical system. Work done under this heading must be
performed only with test instrumente. During troublesheoting,

me~harical connectione may be made only to check circuit integrity

and a=lv i the voltasge does not exceed 150 volts to grounc.

Wipvrlkor Cmelovee — A person who ~erforms wWork or supplies
r il H H H

sevvires for monatary compensation or to gain work superisnce.




1460 ’

Woriing Space - ig a Minimum Working Space that must be clear ‘

cf ebstructions when an employee approaches an energized part.
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LIRECT =HveIcat CONTACT WITH EXFOSED
SLECTRIZALLY ENERGIZED COMFONENT.

EQUIVALENT BASIC CIRCUIT ILLUSTRATING THE

i
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DIRECT FHYSICAL CONTACT AND NEGLECTING THE
CONTACT RESISTANCE TO THE HANDS AND FEET.

TOUCH FOTEMTIAL.
STER POTENTIAL.
EHDIHEC? FHYESICAL COMTACT.

CUTUALENT CIRCUIT OF IMDRIRECT FHYESICAL
N

vTEDT,

7 -’I‘]

DUHME LAk,
SIDE ELEVATION OF 5 KV EWITCHGEAR.

BASIC EQUIVALENT CIRCUIT OF SEV
BWITEHEEAR.

COMPLEX EQUIVALENT CIRCUIT OF SkV
SWITCHGEAR.

TOUCH FOTENTIAL CURRENT FLOW.
STEF POTENTIAL CURRENT FLOW.
Hitengy BODY,

MINIMUM CLEARANCE ZORE.
ITMMERIATE VICINITY ZONE.

SINBLE LINE DIAGRAM TYFICAL FETRO-
CHEMICAL COMPLEX.

P ET THROUGH ENEREY OF CURRENT LIMITING
FUSE.

LIMIT OF AFFROACH.
CURRENT SHUMTED THROUGH A WORKEFR 'S BODY.

EQUIYALENT CIRCUIT OF CURRENT SHUNTED
TUROQUGE & WORKER'S EBODY.
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£. 2, CHAMCE GROUND CLAMFS AND ELECTRICAL
RATING TAELE.

AL BLCHANCE GRIFP-ALL (R) LIVE LINME TOOL.

YOLTAGE FROFILE OF ZZ0KY SWITCHYARD
UNDER FAULT CONDITIONS.

FORTABLE GROUNMD GRADIENT COMTROL MAT.

GROUND FAULT CIRCUIT INTERRUFTER FICKEUPF.

EMISSION OF AN ELECTRIC ARLC.

JAMES 5. RIDDLE "DETEX" HIGH VOLTAGE
DETECTOR.

4. B, CHANCE FHASING TESTER.
A.E.CHANCE AMERTONGS.

ASFLUNDH-SIEILLE MNONCOMDUCTIVE TOOLS.
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TAELES

MINIMUM CLEARANCE ZONE.

1 ael BURN HAZARD AT VARICOUS LEVELE IN A
LARGE FETRD-CHEMJICAL FLANT.

OUAL IFICATION AND CLASSIFICATION.

LIMIT OF AFFRDACH DISTAMCES.

QUALIFICATION, LIMIT I, II AND III.

MaY IMUM FAULT CURRENTS OF GROUNDING CABLEE.

oADIATION FROM ELECTRICAL ARCS HARMFUL
T THE EYES

STANDARD LENETHS OF RUEBERER INSULATING GLOVES.

CLASSES AND VOLTAGE LEVELE FOR RUEBEER
TNSULATING GLOVES.

CLASSES AND YOLTAGE LEVELE FOR RUBRER
INSULATING MATS.
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FLATE

FLATE #

TLATE 3

FLATE

FLATE

FLATE

#_ATE

FLLATES

CHECKING FOR IBOLATION.

EXFOSED ELECTRICALLY ENERGIZED 1T KV EUS
TERMINALS.

IMMEDIATE VICINITY ZOME ESTAELISHED IM
FRONT OF 15KV SWITCHGEAR.

270 ¥V AIR EREAK SWITCH ARC.

LIMIT III‘ELECTRICIAN CHECKING FOR
ISOLATION.

REVIEW OF THE ELECTRICAL HOT WORK FROCEDURE.
1SEV FUSE REMOVAL.

CHECKING FOR ISOLATION.

TESTING FOR ISOLATION.

AFFLICATION OF TEMFORARY GROUND/TEST DEVICE.

COMMON LANGUABE OF THE ELECTRICAL HOT WORE
FROGRAM.

CHECK.ING INTEGRITY OF VOLTAGE SENEOR.
MASTER TAG AND LOCHOUT.

OFERATOR SINGLE LINE DIAGRAM.

15Ky SWITCHGEAR LINE UF.

CHECKING MASTER TAG AGAINST THE OFERATOR
SINGLE LINE DIAGRAM.

CHECKING ELECTRICAL ONE LINE DIAGRAM.
TEMFORARY GROUNMD STORAGE.

20KV MAIN SWITCHYARD.
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