BOARD OF ELECTRICAL ENGINEERING
PROFESSIONAL REGULATION COMMISSION

Common Mistakes in
Electrical Grounding

and Bonding

Jaime V. Mendoza, PEE, MTM

Member- Board of Electrical Engineering
member-Technical Committee, PEMCI
Chairman-Distribution Management Committee




CL*PPER

International Copper Asosiation Sowtheast Ava Ll

Common Mistakes in Electrical
Grounding and Bonding




It is important to ground metal parts to a suitable
grounding electrode, so that in the event of a ground fault,
dangerous ground-fault current will be shunted into the
earth away from persons, thereby protecting them against
electric shock.

Electrical equipment must be grounded to ensure that
dangerous voltage on metal parts resulting from a ground
fault can be reduced to a safe value.

Electrical equipment must be grounded so that sufficient
fault current will flow through the circuit protection device
to quickly open and clear the ground fault. For example, a
20 A circuit breaker will trip and de-energize a 240 V
ground fault to a metal pole that is grounded to a 25 ohm
ground rod.

When electrical current is given multiple conductive paths
on which to flow, current will only take the path of least
resistance.
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Introduction

d Why Electrical Grounding and Bonding?

» The most controversial and misunderstood
concepts in the Code.

= The most neglected subject by electrical
practitioners.

= When improperly installed, it may results to
physical injuries, costly damage to electrical
facilities or even death to individual.

= Each utility (power, telephone, cable TV) has
its own grounding electrodes.

= Electrical Grounding and Bonding circuit
follows the basic laws of electricity.
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What is the difference
between grounded

conductor and
grounding conductor???
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d Grounded conductor — a system or circuit
conductor that is intentionally grounded.

1 Grounding Conductor — a conductor used
to connect equipment or the grounded
circuit of a wiring system to a grounding
electrode conductor.

d From PEC 2009
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Definition of Grounded Conductor

| THAT IS INTENTIONALLY GROUNDED
PECLOL g
120/208

VOLT
SYSTEM

DEFINITION — A SYSTEM OR CIRCUIT CONDUCTOR I

THE GROUNDED CONDUCTOR
IS DESIGNED TO BE A CURRENT-
CARRYING CONDUCTOR

N GROUNDED CONDUCTOR — NEUTRAL

SERVICE E] NEUTRAL

ENCLOSURE BAR

\/

FEEDER OR
BRANCH-CIRCUIT
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Definition of Grounding Conductor

GROUNDING CONDUCTOR — A CONDUCTOR
USED TO CONNECT EQUIPMENT OR THE
GROUNDED CIRCUIT OF A WIRING SYSTEM
TO A GROUNDING ELECTRODE OR

— ELECTRODES

NEUTRAL- IS GROUNDING CONDUCTOR
UNDER FAULT CONITIONS

GROUNDING CONDUCTORS
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Grounded Conductor

Grounded Conductor - Not Neutral Conductor

2-Wire Circuit

Grounded Conductor
(Not a Neutral
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Identifying Grounded Neutral
Conductors of Different Systems

IDENTIFICATION
277/480V 120/208V

-Black
Orange— -Red
Yellow- -Blue |
Gray- -Whiite |

. ,/"l

|

|

> \
-’,’IJ"

Qo oo
*
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The means of identification must be permanently
posted at each branch-circuit panelboard.
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Proper Wiring Starts with the Right
Color Used in Conductor Wiring

120/240 -
V, Single
Phase

208Y/120 -
V, Three-
Phase

480Y/277-
V, Three-
Phase

Phase A

Black

Black

Brown

Phase B

Red

Red

Orange

Phase C

Blue

Yellow

Neutral
Conductor

White with
red Stripe

Gray

Equipment
Grounding
Conductor

Green

Green

7O
© G
NS/
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Service Equipment

d The necessary equipment, usually
consisting of a circuit breaker(s) or
switch(es) and fuse(s) and their
accessories, connected to the load end of
the of service conductors to a building or
other structure, or an otherwise
designated area, and intended to
constitute the main control and cutoff of
the supply.
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Service

\—_—\——\J Service-Entrance Conductoré-.
] (Premises Wiring)

SR :

ServiceiPoint: The point of conn;ction
between the premise wiring and the
utility supply conductors.

wrouany
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Service

Service-drop conductors

/

_—
—

77\'—’1] ‘

Service point / |
il
Service-entrance

conductors Sery|ce
equipment
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Proper Electrical Installation

léervicﬂe-E‘ntrance CondUétqrs ‘

] I : » ). ‘ ¥
.JY-_J- ’ s : .
(23 | & e /
l Feeders ’

oA ) | Branch Circuits
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Existing Practice???

Missing Service
Equipment

’ Feeders ’

/

L ™

\ G

‘_ Branch Circuits ]
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Service Equipment-Disconnecting

- v~ » ’ o o

A — The service disconnecting means shall be installed at a readily accessible
location of a building or a structure. 2.30.6.1(a)(1)

It may be located either outside wall or inside, nearest the point of the
Service Conductors.
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Service Disconnect
Location

Section 230.70(A)(1)

The Code does not
specify a maximum
length of service-
entrance conductors
within a building.

Point of
Entry

AMAM&M&M&M&&W *

Service disconnecting means must be placed
at a readily accessible location nearest the point
of service conductor entry.

j‘g c BOARD OF ELECTRICAL ENGINEERING Common Mistakes in Electrical
\”/r \ ¥ PROFESSIONAL REGULATION COMMISSION Grounding and Bonding



Service Disconnect - In Bathroom
Section 230.70(A)(2)

VIOLATION
Service disconnect is not
permitted in a bathroom.

,/. ’ //
7

Overcurrent protection devices are not
permitted in dwelling unit, guest room,
or guest suite bathrooms [240.24(E)].
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Not Located in Bathrooms

Overcurrent Protection Devices
Not in Bathrooms

\

s

lF

VIOLATION

Overcurrent protection devices must not be located
in the bathrooms of dwelling units, or in guest rooms
or guest suites of hotels or motels.(2.40.2.5
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Accessible, Readily

Accessible, Readily

VIOLATION
Overcurrent devices must be
| readily accessible [240.24(A)].

mmee qmmn @@ |

Py /
U

4
<

“ /

Accessible, Readily: Capable of being reached
without having to climb over or remove obstacles,
or without having to use portable ladders.
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No Grounded Service at the
Customer Side

b 4 s
B A besest el

System grounding
connection by utility
outside building
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a

250.24 (A)(2) Outdoor
Transformer

Where the transformer
supplying the service is
located outside the
building, at least one
additional grounding

connection is required to
be made from the
grounded service
conductor to a grounding
electrode, either at the
transformer or elsewhere
outside the building.

System grounding
connection by utility

outside building
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Grounded Improperly

Grounded Service equipment Equipment grounding
system 1 conductor required ] Building

| / disconnect

~=! Dangerous L
voltage to
ground

¥ Feeder

Main bonding
jumper requured

Earth Return Prohlblted
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Earth is Not an Effective Ground-
Fault Current Path

| Service | ‘ —
o i - Bl All metal parts
—n il 1 | i i | remain energized.

>-)

COPYRIGHT 2004 Mike Holt Enterprises, Inc,

VIOLATION
Earth cannot be used
as the effective ground-

fault current path to
clear a ground fault.

——
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Proper Wiring Installation

| Utilizing
Service Entrance Panel Board Equipment

Circutt Power
Breaker Phase ("hot") Line Recertacle

§Load

Neutral ("return") Line N

Safety ("ground") Line G

Power Utility Earth Equipment
=— (onnection at the Ground
Service Entrance
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Each Utilities has its Own
Grounding Electrode

UNDER

NE ROOF
UTILITY 0 0

# SERVICE TELEPHONE CABLETV
GROUNDING ELECTRODE ELECTRODE
ELECTRODE

<~—HIGH "2 —>~—HIGH 2" —

<+— VOLTAGE —<— VOLTAGE —

“ HIGH "Z" o

B VOLTAGE >
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Low-Voltage & Intersystem
Grounding and Bonding

Telephone TV and Radio CATV NPBCS
electrode electrode electrode electrode
800 810 820 830

Service grounding
electrode Part 111
of Article250

Other electrodes =

Connect intersystem grounding and bonding conductors to intersystem bonding
termination as required in 250.94 (for new installations).
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Each Utilities has its Own
Grounding Electrode

Utility service

gg_j Grounded 7

conductor
= Service panel

CATV
service

\

= Potential
difference

Television Potential

difference
Decoder
: P

otential
difference

o) | e 1 T
Receptacles
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Single Point Ground

Different Systems Grounded (Bonded)
to a Single Point Ground
Section 250.94

o7 a
Phone J, : 0
Service . | u

No Difference | —
of Potential G

CATV
Service I

Systems
Bonded
Together

Electric
Service

No Difference
of Potential
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Low-Voltage & Intersystem
Grounding and Bonding

Service equipment

Communications
Radio and TV
i
l / NPBCS

Grounding
electrode

External intersystem bonding termination
required at service equipment 250.94

Intersystem bonding and

grounding
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The Same Grounding Electrode for
Lightning and Power Supply

GROUNDING ELECTRODES

A
LIGHTNING RODS - T T

SERVICE
EQUIPMENT

LU
LIGHTNING

GROUNDING
ELECTRODE
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Proper Grounding

GROUNDING ELECTRODES

d PEC Art. 250.5.17
Lig htni ng LIGHTNING RODS —.T T T
Protection System.
The bonding of a —
system grounding EQUUENT
electrode and a
lightning rod BONDING
grounding REQUIRED
electrode.

SYSTEM LIGHTNING
GROUNDING GROUNDING
ELECTRODE ELECTRODE
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Streetlight Grounded System
to Ground Rod Only
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2.50.3.5 Auxiliary Grounding
Electrodes

Grounding electrode permitted
to supplement but not replace
equipment grounding conductor
in branch circuit

2.50.3.5 AUX|I|ary~§jr'(A)und|ng electrodes
But the earth shall NOT be used as an
effective ground-fault current path

f‘” ;‘%;\ o2 BOARD OF ELECTRICAL ENGINEERING Common Mistakes in Electrical
%/ PROFESSIONAL REGULATION COMMISSION Grounding and Bonding



No Auxiliary Electrode for
Remote Metering

TANTIAN M

| 'Y
SRR
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2.50.5.3(b) Method of Bonding at
the Service

I Metal raceway
and metor
onciosure must
be bonded o

} system neutral

| Auxiliary |
electrode
pormitted

RUEE R L SR
(b)(1)Bonding remote meter enclosures on
on supply side of service
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Potential Difference

TWO POINTS WITH ZERO
MOTOR POTENTIAL BETWEEN THEM
208 VOLTS OR
3 PHASE TWO POINTS MAINTAINED
AT THE SAME POTENTIAL

POINTS 1 AND 2
NO CIRCUIT METAL PIPE
NO CONNECTION
NO POTENTIAL
NO PROBLEM

f.-/"m'\ BOARD OF ELECTRICAL ENGINEERING Common Mistakes in Electrical
{*-) &"’ PROFESSIONAL REGULATION COMMISSION Grounding and Bonding
N



Potential Difference

208 VOLTS

3 PHASE DANGER
POTENTIAL DIFFERENCE
NOW EXISTS BETWEEN
POINTS 1 AND 2
??7VOLTS??
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Potential Difference

POTENTIAL
DIFFERENCE

208 VOLTS
3 PHASE

THERE IS A VOLTAGE!
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Potential Difference

POTENTIAL
DIFFERENCE

208 VOLTS
3PHASE @ ,
T
|

THERE IS A VOLTAGE!
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Grounded Improperly

Grounded Service equipment Equipment grounding
system 1 conductor required ] Building

| / disconnect

~=! Dangerous L
voltage to
ground

¥ Feeder

Main bonding
jumper requured

Earth Return Prohlblted
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Grounded Properly

| Ground fault |

Feeder
= m—

; =
il B
i B2 =
g e =
27
ne 2 Rt

- = Ground-fault current path
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Earth is Not an Effective
Ground-FauIt Current Path

AII metal parts
remain energized.

VIOLATION
Earth cannot be used
as the effective ground-

fault current path to
clear a ground fault.

TS e I S S e
| = E/R, E =120V, R = 25 ohms | = 120V/25 ohms = 4 8A
Insufﬁcuent current to tnp overcurrent protectlon devuce
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Objectionable Current

A If current is reqularly flowing over
equipment grounding conductors, it would
be considered “ objectionable current” as
covered in Sec. 2.50.1.6

A It is intended that fault current will flow
over equipment grounding conductors
only while a ground fault exists.
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Equipment Grounding Conductor

Low-
impedance
path...

Feeder Panel

...facilates operation
of overcurrent
protective device
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Grounded Improperly

Metallic cable or raceway
Feeder panel

Violation: Neutral in
parallel with metallic
feeder wiring method
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Grounded Improperly

Objectionable Current
Improper Neutral Connection

Parallel path for __. P':anelboard

A neutral current.
~~ \
_ ;-_]

\ \
C N X

VIOLATION:
Neutral-to-case
connection on the .

load side of the
service equipment.

Panelboard
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Grounded Improperly

Objectionable Current Separate
Improper Neutral Connection Buildin
Section 250.6(A) | g

Parallel Neutral !
. Current Paths |

VIOLATION
Neutral-to-case connection
allows objectionable current | 1]
' on the equipment grounding 1
(bonding) conductor. '

Metal raceway carries
neutral current.
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Grounded Improperly

Objectionable Current
Improper Neutral Connection

Section 250.6(A) —
Neutral ‘

”Not Switched
/" Disconnect Generator

|
-

Service

Objectionable
Current

1\
1\

VIOLATIO

"

el

 Panelboard;

Neutral-to-case
. connection.
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Grounded Improperly

Objectionable Current ' Crossed Neutrals |
Wiring Error - | \
Section 250.6(A) 277V

—

<

Objectionable § - 120/208V
is OFF | Current Panelboard

DANGER: The 120/208V panelboard (de-energized)
can have dangerous voltage from the 277V lighting
circuit because of the crossed neutrals.
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Grounded Improperly

Objectionable Current
Using Bonding Path for Neutral Current
1 |11 Section 250.6(A)
111 240V

= Pump Motor
Panelboard MR Motor

VIOLATION - 250.6(A)
120V water filter uses the
effective ground-fault current | 120V Water Filter
path for neutral current.
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Grounded Improperly

Objectionable Current
Using Bonding Path for Neutral Current
Section 250.6(A)

Neutral current on
grounding (bonding)
conductor.

Existing Installation: Existing 1-pole switch replaced
1-Pole Switch with a switch-receptacle

combination device.
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Grounded Improperly

Neutral Current Flows on
Metal Water Pipe

Service A Service B |

. ‘ ON OFF | =
Service A L Service B

[omemell] ALoad\ Load | |\,
—n .-

ﬂn IT \ | ——— - TI =
L
Groundmg Electrode Conductor
-Q-i—w . Metal Underground
Y Water Pipe Electrode

= (’ \ M ‘
Metal Underground Source = Normal Condition:
Water Pipe (Utility | Some current
(Parallel Neutral Transformer) on utility water-
Current Path) . piping system
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Grounded Improperly

Objectionable Current
Improper Neutral Connection
Section 250.6(A)

DANGER
FIRE HAZARD

Neutral current through
loose fittings can cause

igniting surrounding
combustible materials.

the temperature to rise, |
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Receptacles

A. Tamper-Resistant Receptacles in
Dwellings Unit (NEC 2008 - 406.11)

Why do you think it is a tamper-

resistant receptacle?

..... 1o increase safety for children.

maybe that your son, daughter, or
grandchildren that you will save...
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Tamper-Resistant Receptacles

Insertion of an object in any one side does not open the shutter
(left), but a two-bladed plug or grounding plug compresses the
Spring and simultaneously opens both shutters (right)
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Electric Shock

Electric Shock mpm
Severity [ mme )

Path of Current

through Body W

. Length of Time

Current Flows

Fig. 31 Electric shock—E pushing L

. Amount of Current
through Body
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Electric Shock

d Current flow through body tissues delivers energy in the

form of heat. The magnitude of energy may be
approximated by

J = I°Rt

where J = energy, joules

I = current, amperes

R = resistance of the current path through
the body, ohms

t = time of current flow, seconds
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Effects of AC Electric Shock

1000 milliamperes (1 ampere) Will light a 100-watt bulb

Severe burns

Breathing stops

Heart stops beating

It doesn't take =
much current to 138  Suffocation possible
ARG RPEY Muscle contraction
to cause death.

10 Cannot let go

5 GFCI will trip «————— ELCBII!
‘2| Mild shock
milliamperes H Threshold of sensation

Level (in milliamperes) of current through the body
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Ground Fault Circuit Interrupter

d GFCI - A device intended for the protection
of personnel that functions to deenergize a
circuit or portion thereof within an
established period of time when a current
to ground exceeds the values established
for a device.

The GCFI does not protect someone against
receiving a electrical shock, but it does limit
the time hazards exists. Hazard exist only
during period of time fault is there.
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Ground Fault Circuit Interrupter

§
i
3
£
§
i
i
g
i

—2

N
A
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Ground Fault Circuit Interrupter

3 T ;’2: ¥l Ground-Fault Condition

Cnrcuntry

Current Transformer

urrent travels through the body.
urrent transformer senses imbalance.

ensor opens circuit.

GFCI: A device intended to protect people
by de-energizing a circuit when the current-

to-ground exceeds 5 mA (+/- 1 mA).
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Ground Fault Circuit Interrupter

Equipment Grounding Conductor not
Required for GFCI Protection

GFCI |
Device [T Existing 2-wire NM cable
| (no ground) branch circuit

s Load v
0. 995A

1
[ ¥

GFCI protection devnce opens
the circuit at 5 mllllamperes

No ground wire okay. f

Ground
Fault
Case temporarily
energized until GFCI
opens and clears the fault.
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Ground Fault Circuit Interrupter
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Ground Fault Circuit Interrupter

GCFI CAN ELIMINATE THIS!
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GFCI Protection for Personnel

Bathroom All 15 and 20A, 125V and /or 250 V
receptacles installed
in bathrooms must be
GFCI protected.

| Bathroom |

Bathrdbm
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GFCI Protection for Personnel

-

—~— ‘,.r‘
. » -
g L </
Y =1
LN \ V-
-

/" <
//'/

_Zd

GFCI protection is not required.
[210 8(A)(2) Ex 1]

"i 1\ ‘

Eo |
@l' o

Protecte

|
W

S
R

All 15 and 2OA 125V receptacles mstalled na
dwelling unit garage must have GFCI protection.
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GFCI Protection for Personnel

GFCI Protection Required

|
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GFCI Protection for Personnel

GFCI Protection
Outdoor Dwelling Receptacle
Section 210.8(A)(3)

GFCI
> Protectlon
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GFCI Protection for Personnel

i - i B j'
Finished Basement Area:
) GFCI protection not required

1-; Ll

4
3

| @
1\ &

AII 15 and 20A 125V receptacles in unﬁmshed =
. areas of basements must be GFCI protected. -
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GFCI Protection for Personnel

1

@

t
” Finished Basement Aree:
) GFCI protection not required

i

X
L3

-
-

I 3
F -

»

AII 15 and 20A 125V receptacles in unﬁnlshed 5
. areas of basements must be GFCI protected. -
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GFCI Protection for Personnel

- 0L
13}
\ |
\
\
\
~\ — IS ==2x

Appliance \\ AII countertop receptacles | "
Receptacle \\ require GFCI protection. [T

, | GFCI Protection { \\
-] | Not Required N
% — \\

@
Convenience . \
Receptacle Island/Peninsular \

Countertop

e

All 15 and 20A, 125V receptacles that
serve dwelling unit kitchen countertop
surfaces must be GFCI protected.
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GFCI Protection for Personnel

" All 15 and 20A, 125V receptacles
located within 6 ft of a laundry or
Utlllty snnk must be GFCl protected.

I T s

Laundry Room
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GFCI Protection for Personnel
7.Dwelling Wet Bar Sinks

T,

/ GFCI protection required

if within 6 ft of sink.
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GFCI Protection for Personnel

PEC-2.10.1.8 ()

a) Dwelling Units

. Bathrooms

. Garages

. Outdoors

. Crawl spaces at or
below grade level

. Unfinished
basements

. Kitchens for
countertop
appliances

. Wet bar sinks

~upstairs
bathroom

_-Downstairs
bathroom or

/ lavatory
GF1 CB Qutdoor
in panel~_ receprocle

Jpstairs GFI receptocie
bathroom with feed-through
protection of
oll load-side
\ vecepmcles

/ Downstairs

/ bathroom or

Conventiong!
CB or fuse
in ponel

e *#L {_[?\ ,,""’D

Circuit capacity
availoble for ’onvennonm
lighting ond other receptacies
receptacle loads

lavatory

Common Mistakes in Electrical
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Outdoor Receptacles Outlets -
One Family Dwelling

/ GFCI
-’
Two receptacle outlets must be installed outdoors
for each one-family dwelling unit, one at the front

and one at the back of the dwelling unit, no more
than 61/2 ft above grade.
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New Provision

Row Housing with GFCI-protected receptacles located
at the front and the back of each one family dwelling,
as required by 210.52(E)

P
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New Provision

Q0 2.10.1.8(b)(2) -GFCI

Protection Other than . . GFCl-Protected Receptacles
s o Commercial and Institutional Kitchens

Dwelling | | Section 210.8(8)(2)

= Commercial and =—\J
institutional kitchens -
for the purposes of this
section, a kitchen is an
area with a sink and
permanent facilities for
food preparation and
cooking. (Culinary
Schools)

;f""“"”'xs @ BOARD OF ELECTRICAL ENGINEERING Common Mistakes in Electrical
‘~.,\/,.~' \«c¥/ PROFESSIONAL REGULATION COMMISSION Grounding and Bonding



New Provision

D 21018(':))(4) —GFCI RPN GFCl-Protected Receptacles

. . Outside in Public S
Protection Other than | ‘Secton 21088)4)

Dwelling
= Qutdoor in Public

Spaces - for the
purpose of this section —

a public space is { B -
defined as any space —' u n | 12 =
that is for use by, or is |

accessible to the - =

pu blic. All 15 and 20A, ‘receptacles installed outdoors in
a public space that is accessible to the public must be
GFCI protected.
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New Provision

2.10.1.8(c)Boat Hoists GFCI Protection - Boathouse Receptacles

= GFCP for personnel
shall be provided for
outlets that supply
boat hoists installed in
dwelling unit locations

" Al15and20A, __ receptacles in
boathouses must be GFCI protected.
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New Provision

Q0 2.10.1.8(b)(5) -GFCI

GFCI-Protected Receptacles

I Heating, Air-Conditioning, and Refrigeration Equipment
Protection Other than SSAQ, e Concotia M Fiurson B

Dwelling

= (5)Outdoor , where
installed to comply with
2.10.3.14 Heating, Air-
conditioning, and
Refrigeration Outlet

All 15and 20A, __ 'receptacles used for the servicing
of heating, air-conditioning, and refrigeration equipment
(210.63] must be GFCI protected.
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6.95 Fire Pumps

d The general philosophy behind Code articles is
that circuit protection will shut down equipment
before letting the supply conductors melt from
overload.

Q Art. 6.95 Fire Pumps depart from this
philosophy.

d The idea is that the fire pump motor must run,
no matter what; it supplies water to facility’ s
fire protection piping, which in turn supplies
water to the sprinkler system and fire hoses.
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Introduction

d Art. 6.95 contains many requirements to
keep that supply of water uninterrupted.

For example:

. Locating the pump so as to minimize its
exposure to fire.

. Ensuring that the fire pump and its jockey
pump have a reliable source of power.

. It makes sense to keep fire pump wiring
independent.

BOARD OF ELECTRICAL ENGINEERING Common Mistakes in Electrical
¥ PROFESSIONAL REGULATION COMMISSION Grounding and Bonding




Introduction

d Other requirements seem wrong at first
glance, until you remember why the fire
pump is there in the first place.

For example:

1. The disconnect must be lockable in the
closed position.

2. Fire pumps power circuits cannot have
automatic protection against overload.
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Introduction

> “ It' s better to run the fire pump
until its winding melt, than to save

the fire pump and lose the facility”

> And the intent of Article 6.95 is to
save the facility.
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6.95.1.1 Scope

a) Covered

1) Electric power sources and interconnecting
circuits

2) Switching and control equipment dedicated
to fir pump drivers

b) Not Covered

1) The performance, maintenance, and
acceptance testing of the fire pump system,
and the internal wiring of the components
of the system

2) Pressure maintenance (jockey or makeup)
pumps
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6.95.1.3 Power Sources for
Electric-Motor Driven Fire Pumps

a) Individual Source

1) Electric Utility Service. A separate
service from a connection located ahead
of but not within the service
disconnecting means.

2) On-Site Power. An on-site power supply,
such as generator, located and
protected to minimize damage by fire is
permitted to supply a fire pump.
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6.95.1.3 Power Sources for
Electric-Motor Driven Fire Pumps

frof

Service conductors

Building service equipment

& | |&& | |7

Main

o | |&@ | |2

en

Fire pump
controller

_ AN
L

a) Electric-Utility Service Connection
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6.95.1.3 Power Sources for
Electric-Motor Driven Fire Pumps

conductors ) Service conductors

Service points

Building service equipment

Fire pump !

& | |&2 |

a) Electric-Utility Service Connection
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6.95.1.3 Power Sources for
Electric-Motor Driven Fire Pumps

On-site power production facility
located where it is protected from
fire, such as outdoors or in a
room of fire-rated construction

~

Generator

|
ajla

Fire pump
controller

‘T

Fire pump supply conductors

2) On-Site Power Production Facility

> "?«;,S c BOARD OF ELECTRICAL ENGINEERING Common Mistakes in Electrical
’ ¥ PROFESSIONAL REGULATION COMMISSION Grounding and Bonding



6.95.1.3 Power Sources for
Electric-Motor Driven Fire Pumps

b) Multiple Sources

1) Generator Capacity. Shall have
sufficient capacity to allow normal
starting and running Of the motor(s)
driving the fire pump(s) while supplying
other simultaneously operated load.

2) Feeder Sources.

3) Arrangement. The power sources shall
be arranged so that a fire at one will not
cause an interruption at the other
source.
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6.95.1.3 Power Sources for
Electric-Motor Driven Fire Pumps

13.8-kV 13.8-kV

l utility service utility service
No. 1 No. 2

Multibuliding campus-style complex /
' ~ | =
- | |

to
k 480Y/277 volt 480Y/277 volt

3 € oo 3t ———
—3 & To fire pumé controller _3 g

2) Feeder Sources
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6.95.1.5 Transformers

d Dedicated transformer and overcurrent
protection sizing can be broken down into
three requirements.

. The transformer must be size to at least 125%
of the sum of the loads.

. The transformer primary overcurrent device
must be at least a specified minimum size.

. The transformer secondary must not contain any
overcurrent device whatsoever.
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6.95.1.5 Transformers

® Primary overcurrent

) protection only
-~

Dedicated

transformer
-—

Secondary conductors,
overcurrent protection

NOT permitted

Jockey pump
tap conductors
-

Tap not permitted Listed Jockey pump
within fire pump \ fire pump disconnect,
controller controller overcurrent
protection,

and motor
controller

Fire pump M Jockey pump

The overcurrent device in the primary of a transformer supplying
a fire pump installation. The device is required to be sized to carry
the locked-rotor current motor(s) and associated fire pump
accessory equipment indefinitely.
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6.95.1.6 Power Wiring

a) Service and Feeder Conductors.

Supply conductors must be
physically routed outside buildings
and must be installed in accordance
with Article 2.30. Where supply
conductors cannot be routed outside
buildings, they must be encased in 2
inches or 50 mm of concrete or brick.
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6.95.1.6 Power Wiring

b) Circuit Conductors.

Fire pump supply conductors on the load
side of the final disconnecting means and
overcurrent device(s) must be keﬁt entirely
independent of all other wiring. They can
be routed through a building using one of
the following methods:
1) Be encased in a minimum 2 inches or 50 mm of
concrete

2) Be within an enclosed construction dedicated to
the fire pump circuit(s) and having a minimum
of a 1-hour fire-resistant rating

3) Be listed electrical circuit protective system with
a minimum 1-hour fire rating.
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6.95.1.6(c)(2) BC Conductor Size

Fire Pump Motor
Branch Circuit Conductor Size

: From Table
450A Overcurrent Device  430.14.5(b)

3 AWG Rated 100A at 75°C
74.8 FLC x 125% = 93.5A

25 hp,
| 208V, 3-phase _
W\ Fire Pump Motor -~ Fire Pump

Branch circuit conductors to a single fire pump
motor must have a rating not less than 125% of the
motor

FLC as listed in Table 4.30.14.2 or 4.30.14.4
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6.95.1.7 Voltage Drop

Fire Pump Controller - Voltage Drop

150 ft to service Section 695.7

Fire Pump
3 AWG Conductor Controller

V3 x K x1xD
allowable VD

1.732
12.9 ohms, copper
404A (locked-rotor)
150 ft

Cmil =

1.732 x 12.9 ohm x 404A x 150 ft

Cmil = = 43,397 Cmil

Chapter 9, Table 8, 43,397 Cmil = 3 AWG conductors

The voltage drop at the line terminals of the controller
when the motor starts (locked-rotor current), must not
drop more than 15% below the controller’ s rated voltage.
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6.95.1.7 Voltage Drop

Fire Pump Motor — Voltage Drop

Fire Pump Motor
25 hp, 208V, 3-ph.
4 AWG conductors
mil = 3XKxIxD A i
allowable VD . 175 ft to service

1.732 .
12.9 ohms, copper
86A (74.8A x 115%)
175 ft

10.4V (208V x 5%)

O

e 3 g
O PR
nmn g 1"

10.4 voltage drop

Chapter 9, Table 8, 32,332 Cmil = 4 AWG conductors
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6.95.1.7 Voltage Drop

Fire Pump Conductor Size — Voltage Dro

Fire Pump
Controller

3 AWG conductor —ls | 175ftto service |

25 hp, 208V, 3-phase
Fire Pump Motor

For voltage drop, the 4 AWG wire is okay,
but 695.6(C)(2) requires the circuit conductors
to be no smaller than 3 AWG.
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It is important to ground metal parts to a suitable
grounding electrode, so that in the event of a ground fault,
dangerous ground-fault current will be shunted into the
earth away from persons, thereby protecting them against
electric shock.

Electrical equipment must be grounded to ensure that
dangerous voltage on metal parts resulting from a ground
fault can be reduced to a safe value.

Electrical equipment must be grounded so that sufficient
fault current will flow through the circuit protection device
to quickly open and clear the ground fault. For example, a
20 A circuit breaker will trip and de-energize a 240 V
ground fault to a metal pole that is grounded to a 25 ohm
ground rod.

When electrical current is given multiple conductive paths
on which to flow, current will only take the path of least
resistance.
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