
 

 

 

 
Grounding & Bonding Definitions 

 

• What is grounding:  grounding provides a path to earth for lightning & other high voltage surges. Grounding 

electrodes serve no part in clearing ground faults in premise wiring systems operating at under 600V. Electrical 

systems are grounded to earth in a manner that will limit voltages imposed by lightning, line surges, or 

unintentional contact with higher voltage lines. Grounding will stabilize voltage to earth during normal operations. 

Non-current carrying conductive materials & equipment are connected to earth to limit voltage to ground on them. 

• What is bonding:  Bonding provides a low impedance path necessary to quickly remove dangerous voltage from 

metal parts of the system by quickly opening the circuit protection device. Non-current carrying conductive 

materials & equipment are connected together & to the electric supply source in a manner that establishes an 

effective ground fault current path. An effective ground fault current path is an intentional constructed, permanent, 

low impedance, electrically conductive path designed & intended to carry fault current from the point of a fault on  
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Grounding and Bonding250

PART I. GENERAL

250.1 Scope. Article 250 contains the following grounding 
and bonding requirements:

(1) What systems and equipment are required to be grounded.

(3) Location of grounding connections.

(4) Types of electrodes and sizes of grounding and bonding 
conductors.

(5) Methods of grounding and bonding.

250.2 Definitions.

Bonding Jumper, Supply-Side. A conductor on the supply side 
or within a service or separately derived system to ensure the 
electrical conductivity between metal parts required to be elec-
trically connected. Figures 250–1 and 250–2

INTRODUCTION TO ARTICLE 250—GROUNDING AND BONDING

No other article can match Article 250 for misapplication, violation, and misinterpretation. Terminology used in this article has 
been a source for much confusion, but that has improved during the last few NEC revisions. It’s very important to understand 
the difference between grounding and bonding in order to correctly apply the provisions of Article 250. Pay careful attention to 
the definitions that apply to grounding and bonding both here and in Article 100 as you begin the study of this important article. 
Article 250 covers the grounding requirements for providing a path to the earth to reduce overvoltage from lightning, and the 
bonding requirements for a low-impedance fault current path back to the source of the electrical supply to facilitate the opera-
tion of overcurrent devices in the event of a ground fault.

Over the past five Code cycles, this article was extensively revised to organize it better and make it easier to understand and 
implement. It’s arranged in a logical manner, so it’s a good idea to just read through Article 250 to get a big picture view—after 
you review the definitions. Next, study the article closely so you understand the details. The illustrations will help you under-
stand the key points.

Figure 250–1
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250.2 Grounding and Bonding

The current path shown between the supply source ground-
ing electrode and the grounding electrode at the service main 
shows that some current will flow through the earth but the 
earth is not part of the effective ground-fault current path.

The effective ground-fault current path is intended to help 
remove dangerous voltage from a ground fault by opening the 
circuit overcurrent device. Figure 250–4

Ground-Fault Current Path. An electrically conductive path 
from a ground fault to the electrical supply source.

Note: The ground-fault current path could be metal raceways, 
cable sheaths, electrical equipment, or other electrically conduc-
tive materials, such as metallic water or gas piping, steel-fram-
ing members, metal ducting, reinforcing steel, or the shields of 
communications cables. Figure 250–5

Author’s Comment: The difference between an “effec-
tive ground-fault current path” and a “ground-fault current 
path” is the effective ground-fault current path is “inten-
tionally” constructed to provide a low-impedance fault 
current path to the electrical supply source for the purpose 
of clearing a ground fault. A ground-fault current path is all 
of the available conductive paths over which fault current 
flows on its return to the electrical supply source during a 
ground fault.

Effective Ground-Fault Current Path. An intentionally con-
structed low-impedance conductive path designed to carry 
fault current from the point of a ground fault on a wiring system 
to the electrical supply source. Figure 250–3

Author’s Comment: In Figure 250–3, EGC represents 
the equipment grounding conductor [259.118], MBJ rep-
resents the main bonding jumper, SNC represents the 
service neutral conductor (grounded service conductor), 
GEC represents the grounding electrode conductor.

Figure 250–2

Figure 250–3

Figure 250–4

Michael_2
Highlight
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Author’s Comment: System grounding helps reduce fires 
in buildings as well as voltage stress on electrical insu-
lation, thereby ensuring longer insulation life for motors, 
transformers, and other system components. Figure 
250–7

Note: An important consideration for limiting imposed voltage 
is to remember that grounding electrode conductors shouldn’t 
be any longer than necessary and unnecessary bends and loops 
should be avoided. Figure 250–8

250.4 General Requirements for Grounding and 
Bonding.

(A) Solidly Grounded Systems.

(1) Electrical System Grounding. Electrical power systems, 
such as the secondary winding of a transformer are grounded 
(connected to the earth) to limit the voltage induced by light-
ning, line surges, or unintentional contact by higher-voltage 
lines. Figure 250–6

Figure 250–5

Figure 250–6

Figure 250–7

Figure 250–8
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250.4 Grounding and Bonding

Author’s Comment: Grounding metal parts helps drain 
off static electricity charges before flashover potential is 
reached. Static grounding is often used in areas where the 
discharge (arcing) of the voltage buildup (static) can cause 
dangerous or undesirable conditions [500.4 Note 3].

DANGER: Because the contact resistance of an elec-
trode to the earth is so high, very little fault current 
returns to the power supply if the earth is the only 
fault current return path. Result—the circuit overcur-
rent device won’t open and clear the ground fault, and 
all metal parts associated with the electrical installation, 
metal piping, and structural building steel will become 
and remain energized. Figure 250–11

(3) Equipment Bonding. Metal parts of electrical raceways, 
cables, enclosures, and equipment must be connected to 
the supply source via the effective ground-fault current path. 
Figures 250–12 and 250–13

(2) Equipment Grounding. Metal parts of electrical equipment 
are grounded (connected to the earth) to reduce induced volt-
age on metal parts from exterior lightning so as to prevent fires 
from an arc within the building/structure. Figure 250–9

DANGER: Failure to ground the metal parts can result 
in high voltage on metal parts from an indirect lightning 
strike to seek a path to the earth within the building—
possibly resulting in a fire and/or electric shock. Figure 
250–10

Figure 250–9

Figure 250–10

Figure 250–11
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•	The	 time	 it	 takes	 for	 an	 overcurrent	 device	 to	 open	 is	
inversely proportional to the magnitude of the fault cur-
rent. This means the higher the ground-fault current 
value,	the	less	time	it	will	take	for	the	overcurrent	device	
to open and clear the fault. For example, a 20A circuit 
with	an	overload	of	40A	(two	times	the	20A	rating)	takes	
25 to 150 seconds to open the overcurrent device. At 
100A	(five	times	the	20A	rating)	the	20A	breaker	trips	in	
5 to 20 seconds. Figure 250–15

Author’s Comments:

•	To	 quickly	 remove	 dangerous	 touch	 voltage	 on	 metal	
parts from a ground fault, the fault current path must 
have sufficiently low impedance to the source so that 
fault	current	will	quickly	rise	to	a	level	that	will	open	the	
branch-circuit overcurrent device. Figure 250–14

Figure 250–12

Figure 250–13

Figure 250–14

Figure 250–15
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250.4 Grounding and Bonding

Because the earth isn’t suitable to serve as the required effec-
tive ground-fault current path, an equipment grounding conduc-
tor is required to be installed with all circuits. Figure 250–19

(4) Bonding Conductive Materials. Electrically conductive 
materials such as metal water piping systems, metal sprin-
kler piping, metal gas piping, and other metal-piping sys-
tems, as well as exposed structural steel members likely to 
become energized, must be connected to the supply source 
via an equipment grounding conductor of a type recognized in 
250.118. Figure 250–16

Author’s Comment:	The	phrase	“likely	 to	become	ener-
gized” is subject to interpretation by the authority having 
jurisdiction.

(5) Effective Ground-Fault Current Path. Metal parts of electri-
cal raceways, cables, enclosures, or equipment must be bonded 
together and to the supply system in a manner that creates a 
low-impedance path for ground-fault current that facilitates the 
operation of the circuit overcurrent device. Figure 250–17

Author’s Comment: To ensure a low-impedance ground-
fault current path, all circuit conductors must be grouped 
together in the same raceway, cable, or trench [300.3(B), 
300.5(I), and 300.20(A)]. Figure 250–18

Figure 250–16

Figure 250–18

Figure 250–17
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DANGER: Because the contact resistance of an electrode 
to the earth is so high, very little fault current returns to 
the power supply if the earth is the only fault current 
return path. Result—the circuit overcurrent device won’t 
open and all metal parts associated with the electrical 
installation, metal piping, and structural building steel 
will become and remain energized. Figure 250–21

Question: What’s the maximum fault current that can flow 
through the earth to the power supply from a 120V ground 
fault to metal parts of a light pole that’s grounded (con-
nected to the earth) via a ground rod having a contact 
resistance to the earth of 25 ohms? Figure 250–20

(a) 4.80A (b) 20A (c) 40A (d) 100A

Answer: (a) 4.80A

I = E/R
I = 120V/25 ohms
I = 4.80A

Figure 250–19

Figure 250–20

Figure 250–21

EARTH SHELLS

According to ANSI/IEEE 142, Recommended Practice for 
Grounding of Industrial and Commercial Power Systems 
(Green Book) [4.1.1], the resistance of the soil outward 
from a ground rod is equal to the sum of the series resis-
tances of the earth shells. The shell nearest the rod has 
the highest resistance and each successive shell has 
progressively larger areas and progressively lower resis-
tances. Don’t be concerned if you don’t understand this 
statement; just review the table below. Figure 250–22

Distance from Rod Soil Contact Resistance

1 ft (Shell 1) 68% of total contact resistance

3 ft (Shells 1 and 2) 75% of total contact resistance

5 ft (Shells 1, 2, and 3) 86% of total contact resistance
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250.4 Grounding and Bonding

CAUTION: Connecting metal parts to the earth (ground-
ing) serves no purpose in electrical shock protection.

(2) Equipment Bonding. Metal parts of electrical raceways, 
cables, enclosures, or equipment must be bonded together in 
a manner that creates a low-impedance path for ground-fault 
current to facilitate the operation of the circuit overcurrent 
device.

Since voltage is directly proportional to resistance, the 
voltage gradient of the earth around an energized ground 
rod will be as follows, assuming a 120V ground fault:

Distance from Rod Soil Contact 
Resistance

Voltage 
Gradient

1 ft (Shell 1) 68% 82V

3 ft (Shells 1 and 2) 75% 90V

5 ft (Shells 1, 2, and 3) 86% 103V

(B) Ungrounded Systems.

Author’s Comment: Ungrounded systems are those sys-
tems with no connection to the ground or to a conductive 
body that extends the ground connection [Article 100]. 
Figure 250–23

(1) Equipment Grounding. Metal parts of electrical equipment 
are grounded (connected to the earth) to reduce induced volt-
age on metal parts from exterior lightning so as to prevent fires 
from an arc within the building/structure. Figure 250–24

Author’s Comment: Grounding metal parts helps drain 
off	 static	 electricity	 charges	 before	 an	 electric	 arc	 takes	
place (flashover potential). Static grounding is often used 
in areas where the discharge (arcing) of the voltage 
buildup (static) can cause dangerous or undesirable con-
ditions [500.4 Note 3].

Figure 250–23

Figure 250–24

Figure 250–22
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Author’s Comment: A single ground fault can’t be 
cleared on an ungrounded system because there’s no low-
impedance fault current path to the power source. The first 
ground fault simply grounds the previously ungrounded 
system. However, a second ground fault on a different 
phase results in a line-to-line short circuit between the two 
ground faults. The conductive path, between the ground 
faults, provides the low-impedance fault current path nec-
essary so the overcurrent device will open.

250.6 Objectionable Current.

(A) Preventing Objectionable Current. To prevent a fire, elec-
tric shock, or improper operation of circuit overcurrent devices 
or electronic equipment, electrical systems and equipment 
must be installed in a manner that prevents objectionable neu-
tral current from flowing on metal parts.

(C) Temporary Currents Not Classified as Objectionable 
Currents. Temporary currents from abnormal conditions, such 
as ground faults, aren’t to be classified as objectionable cur-
rent. Figure 250–27

(D) Limitations to Permissible Alterations. Currents that 
introduce noise or data errors in electronic equipment are not 
considered objectionable currents for the purposes of this sec-
tion. Circuits that supply electronic equipment must be con-
nected to an equipment grounding conductor.

The fault current path must be capable of safely carrying the 
maximum ground-fault current likely to be imposed on it from 
any point on the wiring system where a ground fault may occur 
to the electrical supply source.

(3) Bonding Conductive Materials. Conductive materials such 
as metal water piping systems, metal sprinkler piping, metal 
gas piping, and other metal-piping systems, as well as exposed 
structural steel members likely to become energized must be 
bonded together in a manner that creates a low-impedance 
fault current path that’s capable of carrying the maximum fault 
current likely to be imposed on it. Figure 250–25

Author’s Comment:	The	phrase	“likely	 to	become	ener-
gized” is subject to interpretation by the authority having 
jurisdiction.

(4) Fault Current Path. Electrical equipment, wiring, and 
other electrically conductive material likely to become ener-
gized must be installed in a manner that creates a low-imped-
ance fault current path to facilitate the operation of overcurrent 
devices should a second ground fault from a different phase 
occur. Figure 250–26

Figure 250–25

Figure 250–26



The purpose and objective of “Article 250 – Grounding” is
to ensure that electrical installations are safe from electric shock
and fires by limiting voltage imposed by lightning and line surges.
Though not listed in the title of Article 250, yet included in the
requirement, “bonding” is the intentional connection of metal
parts to form a low-impedance effective ground-fault current path
to remove dangerous voltage from metal parts from a ground
fault.

AUTHOR’S COMMENT: The grounding and
bonding rules covered in this book apply to solidly
grounded alternating-current systems under 600V, such
as 120/240V, 208Y/120V and 480Y/277V. Other system
configurations, such as 3-wire corner-grounded delta
systems, ungrounded systems, or high-impedance
grounded neutral systems are permitted by the National
Electrical Code, but they are typically limited to 3-phase
industrial applications and not covered in this book.

Part I. General

250.1 Scope

Part I contains the general requirements for grounding and
bonding and the remaining parts contain specific grounding and
bonding requirements such as:

(1) Systems and equipment required, permitted, or not per-
mitted to be grounded.

(2) Which circuit conductor is required to be grounded on
grounded systems.

(3) The location of grounding (bonding) connections.

(4) How to size grounding and bonding conductors.

(5) Methods of grounding and bonding.

250.2 Definitions

Effective Ground-Fault Current Path. An intentionally
constructed, permanent, low-impedance conductive path
designed to carry fault current from the point of a ground fault on
a wiring system to the grounded (neutral) point at the electrical
supply source. Figure 250-17

An effective ground-fault current path is created when all
non-current-carrying electrically conductive materials of an elec-
trical installation are bonded together and to the grounded (neu-
tral) conductor at the electric supply. Effective bonding is accom-
plished through the use of equipment grounding (bonding) con-
ductors, metallic raceways, connectors, couplings, metallic-
sheathed cable with approved fittings and other approved devices
recognized for this purpose [250.18]. 

AUTHOR’S COMMENT: A ground-fault current
path is only effective when it is properly sized so that it
will safely carry the maximum fault current likely to be
imposed on it. See 250.4(A)(5) and 250.122 for addi-
tional details.

Ground Fault (Line-to-Case Fault). An unintentional,
electrically conducting connection between an ungrounded con-
ductor of an electrical circuit and metallic enclosures, metallic
raceways, or metallic equipment. Figure 250-18

AUTHOR’S COMMENT: Line-to-case ground
faults are not always of the low-impedance type; they
might be of the high-impedance arcing type, which are
difficult to clear before a fire destroys the equipment as
well as the property. High impedance, in this case,
occurs when improper bonding techniques have been
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used. This is a particular problem for 480V solidly
grounded systems and that is why the NEC requires
equipment ground-fault protection for larger installa-
tions. See 230.95. Another way of reducing this hazard
is by the installation of high-impedance neutral systems.
See 250.36 for the use of current-limiting fuses. This
topic is beyond the scope of this book.

Ground-Fault Current Path. An electrically conductive
path from the point of a ground fault (line-to-case fault) on a
wiring system through conductors, or equipment extending to the
grounded (neutral) terminal at the electrical supply source.

FPN: The ground-fault current paths could consist of

grounding and bonding conductors, metallic raceways,

metallic cable sheaths, electrical equipment and other elec-

trically conductive material, such as metallic water and gas

piping, steel-framing members, stucco mesh, metal duct-

ing, reinforcing steel, or shields of communications cables.

AUTHOR’S COMMENT: The difference between
an “effective ground-fault current path” and “ground-
fault current path” is that the effective ground-fault cur-
rent path is “intentionally” made for the purpose of clear-
ing a fault. The ground-fault current path is simply the
path that ground-fault current will flow on to the power
supply during a ground fault.

250.3 Other Code Sections

Other rules that contain additional grounding and bonding
requirements listed in Table 250.3 include:

• Agricultural Building Equipotential Planes, 547.9 and
547.10. Figure 250-19

• Audio Equipment, 640.7

• Hazardous (classified) Locations, 501.16, 502.16 and 503.16

• Panelboards, 408.20

• Receptacles, 406.3, 406.9, 517.13

• Receptacle Cover Plates, 406.5

• Swimming Pools and Spas, 680.23(F)(2), 680.24(D) and
680.25(B)

• Switches, 404.9(B) and 517.13

250.4 General Requirements for Grounding and
Bonding

The following explains the purpose of grounding and bond-
ing of electrical systems and equipment to ensure a safe installa-
tion.

(A) Grounded Systems.

AUTHOR’S COMMENT: The term “electrical sys-
tem” as used in this subsection refers to the “power
source” such as a transformer, generator or photovolta-
ic system, not the circuit wiring and/or the equipment.

(1) Grounding of Electrical Systems. Electrical power
supplies such as the utility transformer shall be ground-
ed to earth to help limit high voltage imposed on the
system windings from lightning or line surges. Figure
250-20
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AUTHOR’S COMMENT: Grounding System for
Lightning – The electric discharge from lightning is typi-
cally from a negative charged cloud to a positive charged
earth surface, but it can be from the earth’s surface to a
cloud, or it can be from cloud to cloud as well as cloud to
space. When the negative capacitive voltage charge of a
cloud exceeds the dielectric strength of the air between
the cloud and the earth, an arc will occur between the
clouds and the earth in an attempt to equalize the differ-
ence of potential between the two objects. When this
occurs, high voltages, often over 20,000V, drives high
amperages of current (as much as 40,000A) into the
earth for a fraction of a second. Figure 250-21

Typically, utility wiring outside will be struck by lightning
and it’s critical that these systems be grounded to the
earth to assist the flow of lightning into the earth.

Grounding System for Line Surges – When a utility
high-voltage ground fault occurs, the voltage on the
other phases will rise for the duration of the fault (typi-
cally 3 to 12 cycles). This voltage surge during the utility
ground fault will be transformed into an elevated surge
voltage on the secondary, which can cause destruction
of electrical and particularly electronic equipment in the
premises. Studies have shown that the lower the resist-
ance of the utility grounding system, the lower the volt-
age surge.

Electrical systems (power supplies) are grounded (actu-
ally bonded) to stabilize the system voltage during nor-
mal operation. Figure 250-22

CAUTION: According to IEEE Std. 242 “Buff Book,”
if a ground fault is intermittent or allowed to contin-
ue on an ungrounded system, the system could be
subjected to possible severe system overvoltage-to-
ground, which can be as high as six or eight times
the phase voltage. This excessive voltage can punc-
ture conductor insulation and result in additional
ground faults. System overvoltage-to-ground is
caused by repetitive charging of the system capaci-
tance or by resonance between the system capaci-
tance and the inductances of equipment in the sys-
tem. 

In addition, IEEE Std. 142 “Green Book” states that
“Field experience and theoretical studies have
shown that arcing, restriking, or vibrating ground
faults on ungrounded systems (actually unbonded
systems) can, under certain conditions, produce
surge voltages as high as six times normal. Neutral
(system) grounding (actually bonding) is effective in
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reducing transient voltage buildup from such
intermittent ground faults by reducing neutral dis-
placement from ground potential and reducing
destructive effectiveness of any high-frequency volt-
age oscillations following each arc initiation or
restrike.” Figure 250-23

AUTHOR’S COMMENT: The danger of overvolt-
age occurs in systems that are intended to be
ungrounded as well as those systems that were sup-
posed to be grounded but were not. Elevated voltage-
to-ground is beyond the scope of this book. To obtain
more information on this subject, visit http://www.mike-
holt.com/Newsletters/highvolt.htm.

(2) Grounding of Electrical Equipment. To help limit the
voltage impressed on metal parts from lightning, non-
current-carrying conductive metal parts of electrical
equipment in or on a building or structure shall be
grounded to earth. Figure 250-24

AUTHOR’S COMMENT: Grounding of electrical
equipment to earth is not for the purpose of clearing a
ground fault.

Metal parts of electrical equipment in a building or
structure are grounded to earth by electrically connect-
ing the building or structure disconnecting means
[225.31 or 230.70] with a grounding electrode conduc-
tor [250.64(A)] to an appropriate grounding electrode
(earth) identified in 250.52 [250.24(A) and 250.32(B)].

DANGER: Failure to ground the metal parts of elec-
trical equipment to earth could result in elevated
voltage from lightning entering the building or struc-
ture, via metal raceways or cables, seeking a path to
the earth. The high voltage on the metal parts from

lightning can result in electric shock and fires, as well
as the destruction of electrical equipment from light-
ning. Figure 250-25

Grounding of metal parts of electrical equipment also
helps prevent the buildup of high-voltage static charges
on metal parts. Grounding is often required in areas
where the discharge (arcing) of the voltage buildup
could cause failure of electronic equipment being
assembled on a production line or a fire and explosion
in a hazardous classified area. See 500.4 FPN 3. 
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AUTHOR’S COMMENT: Grounding metal parts of
electrical equipment to earth does not protect electrical
or electronic equipment from lightning voltage transients
(high-frequency voltage impulses) on the circuit conduc-
tors inside the building or structure. To protect electron-
ic and electrical equipment from high-voltage transients,
proper transient voltage surge protection devices should
be installed in accordance with Article 280 at service
equipment and Article 285 at the panelboards.

To provide proper operation of transient voltage surge
protection devices, the resistance of the grounding elec-
trode (earth) should be as low as practical. Most speci-
fications for communications systems installations (cell
towers) require the ground resistance to be 5�, some-
times as little as 3� and on some rare occasions 1�! To
achieve and maintain a low resistive ground, special
grounding configurations, design, equipment and meas-
uring instruments must be used. This is beyond the
scope of this book.

(3) Bonding of Electrical Equipment. To remove danger-
ous voltage caused by ground faults, the metal parts of
electrical raceways, cables, enclosures or equipment
shall be bonded together. In addition, the metal parts
shall be bonded to the grounded (neutral) terminal of
the electrical supply source in accordance with
250.142. Figure 250-26

AUTHOR’S COMMENT: An effective ground-fault
current path [250.2] is created when all non-current-
carrying electrically conductive materials are bonded
together and to the grounded (neutral) terminal at the
electric supply.

(4) Bonding of Electrically Conductive Materials. To
remove dangerous voltage caused by ground faults,
electrically conductive metal water piping, sprinkler
piping, metal gas piping, and other metal piping as well
as exposed structural steel members that are likely to
become energized shall be bonded in accordance with
250.104. Figure 250-27

AUTHOR’S COMMENT: The phrase “that are like-
ly to become energized” is subject to interpretation by
the Authority Having Jurisdiction (AHJ). See 250.104 for
additional details.

(5) Effective Ground-Fault Current Path. Electrical
raceways, cables, enclosures and equipment as well as
other electrically conductive material “likely to become
energized” shall be installed in a manner that creates a
permanent, low-impedance path that has the capacity to
safely carry the maximum ground-fault current likely to
be imposed on it [110.10]. The purpose of this path is
to facilitate the operation of overcurrent devices if a
ground fault occurs to the metal parts. Clearing ground
faults is accomplished by bonding all of the metal parts
of electrical equipment and conductive material likely
to become energized to the power-supply grounded
(neutral) terminal. Figure 250-28
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The NEC does permit a ground rod at a pole [250.54] but the
Code does not allow the earth to be used as the sole equip-
ment grounding (bonding) conductor. An equipment
grounding (bonding) conductor of a type specified in
250.118 is ALWAYS required. Figure 250-29

CAUTION: Because the earth is a poor conductor
whose resistivity does not permit sufficient fault cur-
rent to flow back to the power supply [IEEE Std. 142
Section 2.2.8], a ground rod will not serve to clear a
ground fault and dangerous touch voltage will
remain on metal parts if an effective ground-fault
current path is not provided. For more information
on this topic, visit http://www.mikeholt.com/
Newsletters/GroundResistance.htm. Figure 250-30

Question: What is the maximum current that could flow
though a ground rod if the ground rod has an impedance of
25� and the system voltage is 120/240V?

(a) 4.8A (b) 24A

(c) 48A (d) 96A

Answer: (a) 4.8A

I = E/Z, E = 120V, Z = 25�

I = 120V/25� = 4.8A

DANGER: Because the resistance of the earth is so
great (10 to 500�), very little current will return to the
power supply via the earth if the earth is the only
ground-fault return path. The result is that the circuit
overcurrent protection device will not open and
metal parts will remain energized at a lethal level
waiting for someone to make contact with them and
the earth. Therefore, a ground rod cannot be used to
lower touch voltage to a safe value for metal parts
that are not bonded to an effective ground-fault cur-
rent path. To understand how a ground rod is use-
less in reducing touch voltage to a safe level, let’s
review the following:
• What is touch voltage? 
• At what level is touch voltage hazardous? 
• How earth surface voltage gradients operate.
1. Touch Voltage - The IEEE definition of touch volt-
age is “the potential (voltage) difference between a
grounded (bonded) metallic structure and a point on
the earth 3 ft from the structure.”
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2. Hazardous Level - NFPA 70E - Standard for
Electrical Safety Requirements for Employee
Workplaces, cautions that death and/or severe elec-
tric shock can occur whenever the touch voltage
exceeds 30V.

3. Surface Voltage Gradients - According to IEEE
Std. 142 “Green Book” [4.1.1], the resistance of the
soil outward from a ground rod is equal to the sum
of the series resistances of the earth shells. The shell
nearest the rod has the highest resistance and each
successive shell has progressively larger areas and
progressively lower resistances. The following table
lists the percentage of total resistance and the touch
voltage based on a 120V fault. The table’s percent-
age of resistance is based on a 10 ft ground rod hav-
ing a diameter of 5/8 inches.

Don’t worry if you don’t understand the above state-
ment, just review the table below with Figure 250-31

Touch 
Distance from Rod Resistance Voltage

1 Foot (Shell 1) 68% 82V
3 Feet (Shells 1 and 2) 75% 90V
5 Feet (Shells 1, 2 and 3) 86% 103V

With the intention of providing a safer installation,
many think a ground rod can be used to reduce
touch voltage. However, as we can see in the above
table, the voltage gradient of the earth drops off so
rapidly that a person in contact with an energized
object can receive a lethal electric shock one foot
away from an energized object if the metal parts are
not bonded to an effective ground-fault current path.

Scary as it might be, the accepted grounding prac-
tice for street lighting and traffic signaling for many
parts of the United States was to use the ground rod
as the only ground-fault current return path. That is,
the metal pole of a light fixture or traffic signal is
grounded to a ground rod and an effective ground-
fault current path is not provided (no equipment
grounding conductor)! I’m sure there are thousands
of energized metal poles, just waiting for someone to
make contact with them and this is one of the rea-
sons so many people get killed with street lighting
and traffic signal poles in the United States. For a
case study on this subject, visit www.
mikeholt.com/Newsletters/dadecounty.htm.

AUTHOR’S COMMENT: Another factor necessary
to help ensure a low-impedance ground-fault path is
that all circuit conductors, ungrounded, grounded and
the equipment grounding (bonding) conductor shall be
grouped together in the same raceway, cable or trench
[300.3(B), 300.5(I), 300.20(A)]. Figure 250-32

250.4(A) Summary

(1) An electrical power supply shall be grounded to stabi-
lize the system voltage. 

(2) Metal parts of electrical equipment at a building or
structure disconnect shall be grounded to assist light-
ning to earth.

(3) Electrically bonding non-current-carrying parts of the
electrical wiring system to an effective ground-fault
current path is required so that a ground fault can be
quickly cleared by opening the circuit overcurrent pro-
tection device. 

(4) Electrically bonding conductive piping and structure
steel that may become energized to the effective
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ground-fault current path is required so that a ground
fault can be quickly cleared by opening the circuit over-
current protection device. 

(5) Create an effective ground-fault current path for metal
parts of equipment enclosures, raceways, and equip-
ment as well as metal piping and structural steel. The
effective ground-fault current path shall be sized to
withstand high fault current [110.10 and 250.122].

250.6. Objectionable (Neutral) Current

(A) Preventing Objectionable Current. To prevent a fire, elec-
tric shock, improper operation of circuit protection devices,
as well as improper operation of sensitive equipment, the
grounding of electrical systems and the bonding of equip-
ment shall be done in a manner that prevents objectionable
(neutral) current from flowing on conductive materials, elec-
trical equipment, or on grounding and bonding paths. 

Objectionable (Neutral) Current

Objectionable current on grounding and bonding paths
occur when:

1. Improper neutral-to-case bonds are made.

2. There are errors in the wiring installation.

3. Using the equipment-grounding conductor to carry neu-
tral current.

Improper Neutral-to-Case Bond [250.142]

Panelboards – Bonding of the neutral terminal to the case
of a panelboard that is not part of service equipment or a sepa-
rately derived system creates a parallel path, which allows objec-
tionable neutral current to flow on the metal parts of electrical
equipment as well as the grounding and bonding conductors.
Figure 250-33

Disconnects – Where an equipment grounding (bonding)
conductor is run with the feeder conductors to a separate building
[250.32(B)(1)], a common and dangerous mistake is to make a
neutral-to-case bond in the separate building disconnect, which
allows objectionable neutral current to flow on the metal parts of
electrical equipment as well as on the grounding and bonding
conductors. Figure 250-34

Separately Derived Systems – The neutral-to-case bonding
jumper for a separately derived system, such as that derived from
a transformer, generator, or uninterruptible power supply (UPS)
shall be installed either at the source of the separately derived sys-
tem or at the first disconnect electrically downstream, but not at
both locations in accordance with 250.30(A)(1).

Transformers – If a neutral-to-case bond is made at both
the transformer and at the secondary panelboard/disconnect, then
objectionable neutral current will flow on the metal parts of elec-
trical equipment as well as the grounding and bonding conduc-
tors. Figure 250-35
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Generator – If the grounded (neutral) conductor in a trans-
fer switch is not opened with the ungrounded conductors, then the
grounded (neutral) from the generator will be solidly connected to
the utility’s service grounded (neutral) conductor. Under this con-
dition, the generator is not a separately derived system, and a neu-
tral-to-case bond shall not be made at the generator or at the gen-
erator disconnect [250.20(D) FPN 1]. If a neutral-to-case bond is
made at the generator or generator disconnect, then objectionable
neutral current will flow on the metal parts of electrical equip-

ment as well as on the grounding and bonding conductors. Figure
250-36

Errors in the Wiring Installation

Mixing Neutrals. The NEC does not prohibit the mixing of
circuit conductors from different systems in the same raceway or
enclosure [300.3(C)(1)]. As a result, mistakes can be made where
the grounded (neutral) conductors from different systems are
crossed (mixed). When this occurs, the grounding and bonding
path will carry objectionable neutral current, even when it appears
that all circuits have been de-energized. Figure 250-37

Using Equipment Grounding (Bonding) Conductor for
Neutral Current

This often happens when a 120V circuit is required at a loca-
tion where a neutral conductor is not available. Example: A 240V
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time clock motor is replaced with a 120V time clock motor and
the equipment grounding conductor is used to feed one side of the
120V time clock. Another example is a 120V water filter wired to
a 240V well-pump motor circuit and the equipment grounding
conductor is used for the neutral. Figure 250-38

Using the bonding path for the neutral is also seen in ceiling
fan installations where the equipment grounding (bonding) con-
ductor is used as a neutral and the white wire is used as the switch
leg for the light, or where a receptacle is added to a switch outlet
that doesn’t have a neutral conductor. Figure 250-39

AUTHOR’S COMMENT: Neutral currents always
flow on a communiity metal underground water-piping
system where the water service to all of the buildings is
metallic. This occurs because the underground water
pipe and the service neutral conductors are in parallel
with each other. Figure 250-40

Dangers of Objectionable (neutral) Current

Objectionable neutral current can cause shock hazard, fire
hazard, improper operation of sensitive electronic equipment, and
improper operation of circuit protection devices.

Shock Hazard
Objectionable current on metal parts of electrical equipment

can create a condition where electric shock and even death from
ventricular fibrillation can occur. Figure 250-41 shows an exam-
ple where a person becomes in series with the neutral current path
of a 120V circuit. 

Fire Hazard
Fire occurs when the temperature rises to a level sufficient

to cause ignition of adjacent combustible material in an area that
contains sufficient oxygen. In an electrical system, heat is gener-
ated whenever current flows. Improper wiring, resulting in the
flow of neutral current on grounding and bonding paths can cause
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the temperature at loose connections to rise to a level that can
cause a fire. In addition, arcing at loose connections is particular-
ly dangerous in areas that contain easily ignitable and explosive
gases, vapors, or dust. Figure 250-42

Improper Operation of Circuit Protection Devices
Nuisance tripping of a protection device equipped with

ground-fault protection can occur if neutral current returns on the
equipment grounding (bonding) conductor, instead of the neutral
conductor because of improper neutral-to-case bonds. A circuit
breaker with ground-fault protection (480Y/277V, 3-phase sys-
tem over 1,000A per 230.95) uses either the residual current
method or the zero sequence method to detect a ground fault. For
the zero sequence method, the ground-fault trip unit sums the cur-
rents in the three phase conductors and the neutral. When no
ground fault is present, the summation of currents flowing on
A+B+C+N will equal zero. Any current flow not equal to zero is
considered a ground fault. The residual method is used only at the
service as it measures current flowing through the main bonding
jumper. 

Where improper neutral-to-case bonds have been made,
objectionable neutral current will flow on the equipment ground-
ing (bonding) conductor in parallel with the grounded (neutral)
conductor. Depending on the impedance of this path versus the
neutral conductor path, the ground-fault protective relay may see
current flow above its pickup point and cause the protective
device to open the circuit.

If a ground fault occurs and there are improper neutral-to-
case bonds, the protection relay might not operate because some
of the ground-fault current will return on the neutral conductor
bypassing the ground-fault protective device.

Improper Operation of Sensitive Electronic Equipment
When objectionable neutral current travels on the metal

parts of electrical equipment, the electromagnetic field generated
from alternating-circuit conductors will not cancel. This
uncanceled current flowing on metal parts of electrical equipment
and conductive building parts causes elevated electromagnetic
fields in the building. These low frequency electromagnetic fields
can negatively impact the performance of sensitive electronic
devices, particularly video monitors and medical equipment. For
more information visit www.mikeholt.com/Powerquality/Power
quality.htm. Figure 250-43 

(B) Stopping Objectionable Current. If improper neutral-to-
case bonds result in an objectionable flow of current on
grounding or bonding conductors, simply remove or discon-
nect the improper neutral-to-case bonds.

(C) Temporary Currents Not Classified as Objectionable
Currents. Temporary ground-fault current on the effective
ground-fault current path until the circuit overcurrent pro-
tection device opens removing the fault, is not classified as
objectionable current. Figure 250-44 

(D) Electromagnetic Interference (Electrical Noise). Currents
that cause noise or data errors in electronic equipment are
not considered objectionable currents. Figure 250-45

AUTHOR’S COMMENT: Some sensitive electron-
ic equipment manufacturers require their equipment to
be isolated from the equipment bonding conductor, yet
they require the equipment to be grounded to an inde-
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pendent grounding system. This practice is very dan-
gerous and violates the NEC because the earth will not
provide the low-impedance path necessary to clear a
ground fault [250.4(A)(5)]. See 250.54 for the proper
application of a supplementary electrode and 250.96(D)
and 250.146(D) for the requirements of isolated equip-
ment grounding (bonding) conductors for sensitive elec-
tronic equipment. Figure 250-46 250.8 Termination of Grounding and Bonding

Conductors

Equipment grounding (bonding) conductors, grounding
electrode conductors and bonding jumpers shall terminate by
exothermic welding, listed pressure connectors of the set screw or
compression type, listed clamps, or other listed fittings. Sheet-
metal screws shall not be used for the termination of grounding
(or bonding) conductors. Figure 250-47
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250.10 Protection of Grounding Fittings

Ground clamps and other grounding fittings shall be pro-
tected from physical damage by:

(1) Locating the grounding fitting where they are not like-
ly to be damaged 

(2) Enclosing the grounding fittings in metal, wood, or
equivalent protective covering

AUTHOR’S COMMENT: Grounding fittings are
permitted to be buried or encased in concrete if installed
in accordance with 250.53(G), 250.68(A) Ex. and
250.70.

250.12 Clean Surface

Nonconductive coatings such as paint, lacquer and enamel
shall be removed on equipment to be grounded or bonded to
ensure good electrical continuity, or the termination fittings shall
be designed so as to make such removal unnecessary [250.53(A)
and 250.96(A)].

AUTHOR’S COMMENT: Some feel that “tarnish”
on copper water pipe should be removed before mak-
ing a grounding termination. This is a judgment call by
the AHJ.

Part II. System and Equipment Grounding

250.20 Alternating-Current Systems to be Grounded

System (power supply) grounding is the intentional connec-
tion of one terminal of a power supply to the earth for the purpose
of stabilizing the phase-to-earth voltage during normal operation
[250.4(A)(1)].

(A) AC Circuits of Less than 50V. Alternating-current circuits
supplied from a transformer that operate at less than 50V are
not required to be grounded unless:

(1) The primary is supplied from a 277V or 480V circuit.

(2) The primary is supplied from an ungrounded power
supply.

AUTHOR’S COMMENT: Typically, circuits operat-
ing at less than 50V are not grounded because they are
not supplied from a 277V or 480V system, nor are they
supplied from an ungrounded system. Figure 250-48

(B) AC Systems Over 50V. Alternating-current systems over
50V that require a grounded (neutral) conductor shall have
the grounded neutral terminal of the power supply grounded

to earth in accordance with 250.4(A)(1) and 250.30(A)(1).
Such systems include: Figure 250-49

• 120V or 120/240V single-phase systems

• 208Y/120V or 480Y/277V, 4-wire, 3-phase, wye-con-
nected systems

• 120/240V 4-wire, 3-phase, delta-connected systems

AUTHOR’S COMMENT: Other power supply sys-
tems, such as a corner-grounded delta-connected sys-
tem, are permitted to be grounded [250.26(4)], but this
is beyond the scope of this book.
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(D) Separately Derived Systems. Separately derived systems,
which are required to be grounded by 250.20(A) or (B),
shall be grounded (and bonded) in accordance with the
requirements contained in 250.30. 

AUTHOR’S COMMENT: According to Article 100,
a separately derived system is a premises wiring system
that has no direct electrical connection between the sys-
tems, including the grounded (neutral) conductor.
Transformers are typically separately derived because
the primary and secondary conductors are electrically
isolated from each other. Generators that supply a trans-
fer switch that opens the grounded (neutral) conductor
are also separately derived. Figure 250-50

FPN 1: A generator is not a separately derived system if the

grounded (neutral) conductor from the generator is solidly

connected to the supply system grounded (neutral) conduc-

tor. In other words, if the transfer switch does not open the

neutral conductor, then the generator will not be a sepa-

rately derived system. Figure 250-51

AUTHOR’S COMMENT: This fine print note points
out that when a generator is not a separately derived
system, the grounding and bonding requirements con-
tained in 250.30 do not apply and a neutral-to-case
connection shall not be made at the generator [250.6(A)
and 250.142].

FPN 2: If the generator transfer switch does not open the

grounded (neutral) conductor, then the grounded (neutral)

conductor will be required to carry fault current back to the

generator. Under this condition, the grounded (neutral) con-

ductor shall be sized no smaller than required for the

unbalanced load by 220.22 and in addition, it shall be

sized no smaller than required by 250.24(B) [445.13].

Figure 250-52
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250.24 Grounding and Bonding at Service Equipment

The metal parts of electrical equipment shall be grounded to
earth to protect persons from electric shock and to protect prop-
erty from fires by limiting voltage on the metal parts from light-
ning [250.4(A)(2)].

(A) Grounding. Services supplied from a grounded utility
transformer shall have the grounded (neutral) conductor
grounded to any of the following grounding electrodes:

• Metal Underground Water Pipe [250.52(A)(1)]

• Effectively Grounded Metal Frame of the Building or
Structure [250.52(A)(2)]

• Concrete-Encased Grounding Electrode [250.52(A)(3)]

• Ground Ring [250.52(A)(4)]

Where none of the above grounding electrodes are available,
then one or more of the following grounding electrodes shall
be installed:

• Ground Rod [250.52(A)(5)]

• Grounding Plate Electrodes 250.52(A)(6)]

• Other Local Metal Underground Systems or Structures
[250.52(A)(7)]

AUTHOR’S COMMENT: The grounding of the
grounded (neutral) conductor to earth at service equip-
ment is intended to help the utility limit the voltage
imposed by lightning, line surges, or unintentional con-
tact with higher-voltage lines by shunting potentially
dangerous energy into the earth. In addition, grounding
of the grounded (neutral) conductor to earth helps the
electric utility clear high-voltage ground faults when they
occur.

(1) Accessible Location. A grounding electrode conductor
shall connect the grounded (neutral) conductor at service
equipment to the grounding electrode. This connection
shall be at any accessible location, from the load end of
the service drop or service lateral, up to and including the
service disconnecting means. Figure 250-53

AUTHOR’S COMMENT: Some inspectors require
the grounding electrode conductor to terminate to the
grounded (neutral) conductor at the meter enclosure and
others require this connection at the service disconnect.
However, the Code allows this grounding connection at
either the meter enclosure or the service disconnect.

(4) Main Bonding Jumper. The grounding electrode con-
ductor can terminate to the equipment grounding termi-
nal, if the equipment grounding terminal is bonded to
the service equipment enclosure [250.28].

(5) Load-Side Bonding Connections. A neutral-to-case
bond shall not be made on the load side of the service
disconnecting means, except as permitted in
250.30(A)(1) for separately derived systems,
250.32(B)(2) for separate buildings, or 250.142(B) Ex.
2 for meter enclosures. Figure 250-54

AUTHOR’S COMMENT: If a neutral-to-case bond
is made on the load side of service equipment, objec-
tionable neutral current will flow on conductive metal
parts of electrical equipment in violation of 250.6(A)
[250.142]. Objectionable current on metal parts of
electrical equipment can create a condition where
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electric shock and even death from ventricular fibrillation
can occur if a neutral-to-case connection is made.
Figure 250-55

(B) Grounded (neutral) Conductor Brought to Each Service.
Because electric utilities are not required to install an equip-
ment grounding (bonding) conductor, services supplied
from a grounded utility transformer shall have a grounded
(neutral) conductor run from the electric utility transformer

to each service disconnecting means. The grounded (neu-
tral) conductor shall be bonded to the enclosure of each dis-
connecting means. Figures 250-56 and 250-57

AUTHOR’S COMMENT: It is critical that the metal
parts of service equipment be bonded to the grounded
(neutral) conductor (effective ground-fault current path)
to ensure that dangerous voltage from a ground fault will
be quickly removed [250.4(A)(3) and 250.4(A)(5)]. To
accomplish this, the grounded (neutral) conductor shall
be run to service equipment from the electric utility, even
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when there are no line-to-neutral loads being supplied!
Figure 250-58

DANGER: If the grounded (neutral) service conduc-
tor is not run between the electric utility and service
equipment, there would be no low-impedance effec-
tive ground-fault current path. In the event of a
ground fault, the circuit protection device will not
open and metal parts will remain energized. Figure
250-59

(1) Minimum Size Grounded (neutral) Conductor.
Because the grounded (neutral) service conductor is
required to serve as the effective ground-fault current
path, it shall be sized so that it can safely carry the max-
imum ground-fault current likely to be imposed on it
[110.10 and 250.4(A)(5)]. This is accomplished by siz-
ing the grounded (neutral) conductor in accordance
with Table 250.66, based on the total area of the largest
ungrounded conductor. In addition, the grounded (neu-
tral) conductors shall have the capacity to carry the
maximum unbalanced neutral current in accordance
with 220.22. Figure 250-60

Question: What is the minimum size grounded (neutral)
service conductor required for a 400A, 3-phase, 480V serv-
ice where the ungrounded service conductors are 500 kcmil
and the maximum unbalanced load is 100A? Figure 250-61

(a) 3 AWG (b) 2 AWG

(c) 1 AWG (d) 1/0 AWG

Answer: (d) 1/0 AWG

Table 250.66 = 1/0 AWG. The unbalanced load requires a 3
AWG rated for 100A in accordance with Table 310.16, but
1/0 AWG is required to accommodate the maximum possi-
ble fault current [310.4]. At the service, the grounded (neu-
tral) conductor also serves as the effective ground-fault cur-
rent path to the power source.
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(2) Parallel Grounded Conductor. Where service con-
ductors are installed in parallel, a grounded (neutral)
conductor shall be installed in each raceway, and each
grounded (neutral) conductor shall be sized in accor-
dance with Table 250.66 based on the size of the largest
ungrounded conductor in the raceway. 

Question: What is the minimum size grounded (neutral)
service conductor required for an 800A, 480V, 3Ø service
installed in two raceways, if the maximum unbalanced neu-
tral load is 100A? The ungrounded service conductors in
each raceway are 500 kcmil. Figure 250-62

(a) 3 AWG (b) 2 AWG

(c) 1 AWG (d) 1/0 AWG

Answer: (d) 1/0 AWG per raceway, 310.4 and Table 250.66

Danger of Open Service Neutral

The bonding of the grounded (neutral) conductor to the
service disconnect enclosure creates a condition where ground
faults can be quickly cleared and the elevated voltage on the metal
parts will not be much more than a few volts. Figure 250-63

Shock Hazard. However, if the grounded (neutral) service
conductor, which serves as the effective ground-fault current path,
is opened, a ground fault cannot be cleared and the metal parts of
electrical equipment, as well as metal piping and structural steel,
will become and remain energized providing the potential for
electric shock. Figure 250-64

When the service grounded (neutral) conductor is open,
objectionable neutral current flows onto the metal parts of the
electrical system because a neutral-to-case connection (main
bonding jumper) is made at service equipment. Under this condi-
tion, dangerous voltage will be present on the metal parts provid-
ing the potential for electric shock as well as fires. This danger-
ous electrical shock condition is of particular concern in buildings
with pools, spas and hot tubs. Figure 250-65
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AUTHOR’S COMMENT: To determine the actual
voltage on the metal parts from an open service ground-
ed (neutral) conductor, you need to do some fancy math
calculations with a spreadsheet to accommodate the
variable conditions. Visit www.NECcode.com and go to
the Free Stuff link to download a spreadsheet for this
purpose.

Fire Hazard. If the grounded (neutral) service conductor is
open, neutral current flows onto the metal parts of the electrical

system. When this occurs in a wood frame construction building
or structure, neutral current seeking a return path to the power
supply travels into moist wood members. After many years of this
current flow, the wood can be converted into charcoal (wood with
no moisture) because of the neutral current flow, which can result
in a fire. This condition is called pyroforic-carbonization. Figure
250-66

AUTHOR’S COMMENT: We can’t create an
acceptable graphic to demonstrate how pyroforic-car-
bonization causes a fire by an open service neutral.
However, if you would like to order a video showing
actual fires caused by pyroforic-carbonization, call 1-
888-NEC-CODE.

250.28 Main Bonding Jumper

At service equipment, a main bonding jumper shall bond the
metal service disconnect enclosure to the grounded (neutral) con-
ductor. When equipment is listed for use as service equipment as
required by 230.66, the main bonding jumper will be supplied by
the equipment manufacturer [408.3(C)]. Figure 250-67

AUTHOR’S COMMENT: The main bonding
jumper serves two very important needs. First, it estab-
lishes a connection between the equipment enclosure
and the earth through the grounding electrode conduc-
tor to dissipate lightning and other high-voltage surges
[250.4(A)(2)]. Secondly, it establishes a connection
between the effective ground-fault current path and the
service grounded (neutral) conductor to clear a ground
fault. Figure 250-68
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An effective ground-fault current path cannot be provid-
ed if a main bonding jumper is not installed in an instal-
lation where a CT enclosure is used. The result is that
metal parts of the electrical installation will remain ener-
gized with dangerous voltage from a ground fault. Figure
250-69

(A) Material. The main bonding jumper shall be a wire, bus, or
screw of copper or other corrosion-resistant material.

(B) Construction. Where a main bonding jumper is a screw, the
screw shall be identified with a green finish that shall be vis-
ible with the screw installed.

250.30 Grounding (and Bonding) Separately Derived
Systems

AUTHOR’S COMMENT: A separately derived sys-
tem is a premises wiring system that has no direct elec-
trical connection to conductors originating from another
system. See Article 100 definition and 250.20(D). All
transformers, except an autotransformer, are separately
derived because the primary supply conductors do not
have any direct electrical connection to the secondary
conductors. Figure 250-70

A generator, a converter winding or a solar photovoltaic
system can only be a separately derived system if the
grounded (neutral) conductor is opened in the transfer
switch [250.20(D) FPN 1]. Figure 250-71
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If a generator, which is not part of a separately derived
system, is bonded in accordance with 250.30(A), dan-
gerous objectionable neutral current will flow on the
bonding paths in violation of 250.6(A). Figure 250-72

All online UPS systems are separately derived even if the
input and output voltages are the same. An automatic
transfer switch has no impact on this determination. This
is because an isolation transformer is provided as part of
the module.  Utilize caution when connecting these sys-
tems.

(A) Grounded Systems. Separately derived systems that oper-
ate at over 50V [250.20(A) and 250.112(I)] shall comply
with the bonding and grounding requirements of
250.30(A)(1) through (A)(6). 

AUTHOR’S COMMENT: Bonding the metal parts
on the secondary of the separately derived system to
the secondary grounded (neutral) terminal ensures that
dangerous voltage from a ground fault on the secondary
can be quickly removed by opening the secondary cir-
cuit’s overcurrent protection device [250.2(A)(3)]. In addi-
tion, separately derived systems are grounded to stabi-
lize the line-to-earth voltage during normal operation
[250.4(A)(1)]. Figure 250-73

(1) Bonding Jumper (Neutral-to-Case Connection). To
provide the effective ground-fault current path neces-
sary to clear a ground fault on the secondary side of the
separately derived system, the metal parts of electrical
equipment shall be bonded to the grounded (neutral)
terminal of the separately derived system. The bonding

jumper used for this purpose shall be sized in accor-
dance with Table 250.66 based on the area of the largest
derived ungrounded conductor. Figure 250-74

Question: What size bonding jumper is required for a 45
kVA transformer if the secondary conductors are 3/0 AWG?
Figure 250-75 

(a) 4 AWG (b) 3 AWG

(c) 2 AWG (d) 1 AWG

Answer: (a) 4 AWG, Table 250.66

DANGER: If a bonding jumper is not installed from
the equipment grounding (bonding) conductor to the

27Mike Holt Enterprises, Inc. • www.NECcode.com • 1.888.NEC.CODE

Grounding and Bonding - 2002 Edition Article 250

Figure 250–73

Figure 250–72 Figure 250–74



grounded (neutral) terminal of the separately derived
system, then a ground fault cannot be cleared and
the metal parts of electrical equipment, as well as
metal piping and structural steel, will remain ener-
gized providing the potential for electric shock as
well as fires. Figure 250-76

AUTHOR’S COMMENT: The neutral-to-case
bonding jumper establishes the effective ground-fault
current path for the equipment grounding (bonding)
conductor on the secondary and the separately derived
system (secondary). To protect against a primary ground
fault, the primary circuit conductors shall contain an
effective ground-fault current path. Figure 250-77

The point of connection for the separately derived sys-
tem neutral-to-case bond shall be made at the same
location where the separately derived grounding elec-
trode conductor terminates in accordance with
250.30(A)(2)(a). Figure 250-78

The neutral-to-case bond can be made at the source of
a separately derived system or at the first system dis-
connecting means, but not at both locations. Figure
250-79
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CAUTION: The neutral-to-case bond for a separate-
ly derived system cannot be made at more than one
location, because doing so results in a parallel
path(s) for neutral current. Multiple neutral current
return paths to the grounded (neutral) terminal of the
power supply can create dangerous objectionable
current flow on grounding and bonding paths in vio-
lation of 250.6 and 250.142(A). Figure 250-80

Exception No. 2: The bonding jumper for a system rated not
more than 1,000 VA shall not be smaller than the derived
phase conductors, and shall not be smaller than 14 AWG
copper.

(2) Grounding. To stabilize the line-to-earth voltage dur-
ing normal operation, a grounding electrode conductor
shall ground the separately derived system grounded
(neutral) conductor to a suitable grounding electrode.

(a) Single Separately Derived System. The grounding
electrode conductor for a single separately derived
system shall be sized in accordance with 250.66,
based on the area of the largest separately derived
ungrounded conductor. This conductor shall
ground the grounded (neutral) conductor of the
separately derived system to a suitable grounding
electrode as specified in 250.30(A)(4). Figure
250-81

AUTHOR’S COMMENT: The grounding electrode
conductor connection shall terminate directly to the
grounded (neutral) terminal, not to the separately
derived system enclosure.

To prevent objectionable current from flowing on
grounding and bonding conductors, the grounding
electrode conductor shall terminate at the same
point on the separately derived system where the
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neutral-to-case bonding jumper is installed.
Figure 250-82

Exception: A grounding electrode conductor is not required
for a system rated not more than 1,000 VA. However, the sys-
tem shall be bonded in accordance with 250.30(A)(1) Ex. 2.

(b) Multiple Separately Derived Systems. Where
multiple separately derived systems are grounded
to a common grounding electrode conductor as
provided in 250.30(A)(3), the common grounding
electrode conductor shall be sized in accordance
with Table 250.66 based on the total circular mil
area of the separately derived ungrounded con-
ductors from all of the separately derived systems.
Figure 250-83

(3) Grounding Electrode Taps. A grounding electrode tap
from a separately derived system to a common ground-
ing electrode conductor shall be permitted to ground the
grounded (neutral) terminal of the separately derived
system to a common grounding electrode conductor.

(a) Tap Conductor Size. Each grounding electrode tap
conductor shall be sized in accordance with
250.66, based on the size of the largest separately
derived ungrounded conductor of the separately
derived system.

(b) Connections. All grounding electrode tap connec-
tions shall be made at an accessible location by a
listed irreversible compression connector, listed

connections to copper busbars, or by exothermic
welding. Grounding electrode tap conductors
shall be grounded to the common grounding elec-
trode conductor as specified in 250.30(A)(2)(b) in
such a manner that the common grounding elec-
trode conductor is not spliced.

(c) Installation. The common grounding electrode
conductor and the grounding electrode taps to
each separately derived system shall be:

• Copper where within 18 in. of earth
[250.64(A)].

• Securely fastened to the surface on which it is
carried and adequately protected if exposed to
physical damage [250.64(B)].

• Installed in one continuous length without a
splice or joint, unless spliced by irreversible
compression-type connectors listed for the pur-
pose or by the exothermic welding process
[250.64(C)].

• Metal enclosures (such as a raceway) enclosing
a common grounding electrode conductor shall
be made electrically continuous from the point
of attachment to cabinets or equipment to the
grounding electrode and shall be securely
fastened to the ground clamp or fitting
[250.64(E)].
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(4) Grounding Electrode Conductor. The grounding
electrode conductor shall terminate to a suitable
grounding electrode that is located as close as practica-
ble and preferably in the same area as the grounding
electrode conductor termination to the grounded (neu-
tral) conductor. The grounding electrode shall be the
nearest one of the following:

(1) Effectively grounded metal member of the struc-
ture.

(2) Effectively grounded metal water pipe, within 5 ft
from the point of entrance into the building.

Exception: For industrial and commercial buildings where
conditions of maintenance and supervision ensure that only
qualified persons service the installation, the grounding elec-
trode conductor can terminate on the metal water-pipe system
at any point, if the entire length of the interior metal water
pipe that is being used for the grounding electrode is exposed.

(3) Where none of the grounding electrodes as listed in (1)
or (2) above are available, one of the following ground-
ing electrodes shall be used:

• A concrete-encased grounding electrode encased by
at least 2 in. of concrete, located within and near the
bottom of a concrete foundation or footing that is in
direct contact with earth, consisting of at least 20 ft of
one or more bare or zinc galvanized or other electri-
cally conductive coated steel reinforcing bars or rods
of not less than 1/2 in. in diameter, or consisting of at
least 20 ft of bare copper conductor not smaller than
4 AWG [250.52(A)(3)].

• A ground ring encircling the building or structure,
buried at least 30 in., consisting of at least 20 ft of
bare copper conductor not smaller than 2 AWG
[250.52(A)(4) and 250.53(F)].

• A ground rod having not less than 8 ft of contact with
the soil [250.52(A)(5) and 250.53(G)].

• A buried ground plate electrode with not less than 2
sq ft  of exposed surface area [250.52(A)(6)].

• Other metal underground systems or structures, such
as piping systems and underground tanks
[250.52(A)(7)].

FPN: Interior metal water piping in the area served by a sep-

arately derived system shall be bonded to the grounded

(neutral) conductor at the separately derived system in

accordance with the requirements contained in

250.104(A)(4).

(5) Equipment Bonding Jumper Size. Where an equip-
ment bonding jumper is run with the derived phase con-
ductors from the source of a separately derived system
to the first disconnecting means, it shall be sized in
accordance with Table 250.66, based on the total area of
the largest separately derived ungrounded conductors.

(6) Grounded (neutral) Conductor. Where the neutral-to-
case bond is made at the first system disconnecting
means, instead of at the source of the separately derived
system, the following requirements shall apply: Figure
250-84

(a) Routing and Sizing. Because the grounded (neu-
tral) conductor is to serve as the effective ground-
fault current path, the grounded (neutral) conduc-
tor shall be routed with the secondary conductors,
and it shall be sized no smaller than specified in
Table 250.66, based on the largest derived
ungrounded conductor.

(b) Parallel Conductors. If the secondary conductors
are installed in parallel, the grounded (neutral)
secondary conductor in each raceway shall be
sized based on the area of the largest derived
ungrounded conductors in the raceway.

AUTHOR’S COMMENT: When the neutral-to-case
bonding jumper is located in the first system discon-
necting means, the grounding electrode conductor shall
terminate at the same location to prevent objectionable
current from flowing on grounding and bonding paths
[250.30(A)(2)(a)].
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Figure 250–84
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