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ARTICLE 90 — INTRODUCTION 90.2

NFPA 70

National Electrical Code®
2005 Edition

IMPORTANT NOTE: This NFPA document is made
available for use subject to important notices and legal dis-
claimers. These notices and disclaimers appear in all publi-
cations containing this document and may be found under
the heading “Important Notices and Disclaimers Concern-
ing NFPA Documents.” They can also be obtained on re-
quest from NFPA or viewed at www.nfpa.org/disclaimers.

ARTICLE 90
Introduction

90.1 Purpose.

(A) Practical Safeguarding. The purpose of this Code is
the practical safeguarding of persons and property from
hazards arising from the use of electricity.

(B) Adequacy. This Code contains provisions that are con-
sidered necessary for safety. Compliance therewith and
proper maintenance results in an installation that is essen-
tially free from hazard but not necessarily efficient, conve-
nient, or adequate for good service or future expansion of
electrical use.

FPN: Hazards often occur because of overloading of wiring
systems by methods or usage not in conformity with this
Code. This occurs because initial wiring did not provide for
increases in the use of electricity. An initial adequate installa-
tion and reasonable provisions for system changes provide for
future increases in the use of electricity.

(C) Intention. This Code is not intended as a design speci-
fication or an instruction manual for untrained persons.

(D) Relation to Other International Standards. The re-
quirements in this Code address the fundamental principles
of protection for safety contained in Section 131 of Inter-
national Electrotechnical Commission Standard 60364-1,
Electrical Installations of Buildings.

FPN: IEC 60364-1, Section 131, contains fundamental
principles of protection for safety that encompass protec-
tion against electric shock, protection against thermal ef-
fects, protection against overcurrent, protection against
fault currents, and protection against overvoltage. All of
these potential hazards are addressed by the requirements in
this Code.

2005 Edition NATIONAL ELECTRICAL CODE

90.2 Scope.

(A) Covered. This Code covers the installation of electri-
cal conductors, equipment, and raceways; signaling and
communications conductors, equipment, and raceways; and
optical fiber cables and raceways for the following:

(1) Public and private premises, including buildings, struc-
tures, mobile homes, recreational vehicles, and floating
buildings

(2) Yards, lots, parking lots, carnivals, and industrial sub-
stations

FPN to (2): For additional information concerning such instal-
lations in an industrial or multibuilding complex, see ANSI
C2-2002, National Electrical Safety Code.
(3) Installations of conductors and equipment that connect
to the supply of electricity

(4) Installations used by the electric utility, such as office
buildings, warehouses, garages, machine shops, and
recreational buildings, that are not an integral part of a
generating plant, substation, or control center.

(B) Not Covered. This Code does not cover the following:

(1) Installations in ships, watercraft other than floating build-
ings, railway rolling stock, aircraft, or automotive vehicles
other than mobile homes and recreational vehicles

FPN: Although the scope of this Code indicates that the
Code does not cover installations in ships, portions of this
Code are incorporated by reference into Title 46, Code of
Federal Regulations, Parts 110-113.

(2) Installations underground in mines and self-propelled
mobile surface mining machinery and its attendant
electrical trailing cable

(3) Installations of railways for generation, transformation,
transmission, or distribution of power used exclusively
for operation of rolling stock or installations used ex-
clusively for signaling and communications purposes

(4) Installations of communications equipment under the
exclusive control of communications utilities located
outdoors or in building spaces used exclusively for
such installations

(5) Installations under the exclusive control of an electric
utility where such installations

a. Consist of service drops or service laterals, and as-
sociated metering, or

b. Are located in legally established easements, rights-
of-way, or by other agreements either designated by
or recognized by public service commissions, utility
commissions, or other regulatory agencies having
jurisdiction for such installations, or

c. Are on property owned or leased by the electric
utility for the purpose of communications, metering,
generatjon, control, transformation, transmission, or
distribution of electric energy.

70-23
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90.3 ARTICLE 90 — INTRODUCTION

FPN to (4) and (5):  Examples of utilities may include those
entities that are typically designated or recogn_lzed by govern-
mental law or regulation by public service/uphty commissions
and that install, operate, and maintain electric supply (such as
generation, transmission, or distribution systems) or cqmmumca—
tion systems (such as telephone, CATY, Intgmet, sat_elhte, or data
services). Utilities may be subject to compliance with codes and
standards covering their regulated activities as adopted under gov-
ernmental law or regulation. Additional information can be foqnd
through consultation with the appropriate governmental bodies,
such as state regulatory commissions, Federal Energy Regulatory
Commission, and Federal Communications Commission.

(C) Special Permission. The authority having jurisdiction
for enforcing this Code may grant exception for the instal-
lation of conductors and equipment that are not under the
exclusive control of the electric utilities and are used to
connect the electric utility supply system to the service-
entrance conductors of the premises served, provided such
installations are outside a building or terminate immedi-
ately inside a building wall.

90.3 Code Arrangement. This Code is divided into the in-
troduction and nine chapters, as shown in Figure 90.3. Chap-
ters 1, 2, 3, and 4 apply generally; Chapters 5, 6, and 7 apply
to special occupancies, special equipment, or other special
conditions. These latter chapters supplement or modify the
general rules. Chapters 1 through 4 apply except as amended
by Chapters 5, 6, and 7 for the particular conditions.

Chapter 8 covers communications systems and is not sub-
ject to the requirements of Chapters 1 through 7 except where
the requirements are specifically referenced in Chapter 8.

Chapter 9 consists of tables.

Annexes are not part of the requirements of this Code
but are included for informational purposes only.

90.4 Enforcement. This Code is intended to be suitable
for mandatory application by governmental bodies that ex-
ercise legal jurisdiction over electrical installations, includ-
ing signaling and communications systems, and for use by
insurance inspectors. The authority having jurisdiction for
enforcement of the Code has the responsibility for making
interpretations of the rules, for deciding on the approval of
equipment and materials, and for granting the special per-
mission contemplated in a number of the rules.

By special permission, the authority having jurisdiction
may waive specific requirements in this Code or permit
alternative methods where it is assured that equivalent ob-
jectives can be achieved by establishing and maintaining
effective safety.

This Code may require new products, constructions, or
materials that may not yet be available at the time the Code
is adopted. In such event, the authority having jurisdiction
may permit the use of the products, constructions, or mate-
rials that comply with the most recent previous edition of
this Code adopted by the jurisdiction.

70-24
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|Eapter 1 — General J
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installations
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Chapter 4 — Equipment for General Use
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Chapter 6 — Special Equipment
Chapters 1 through 4 P P l

|73hapter 7 — Special Conditions

Chapter 8 is not subject

to the requirements of
Chapters 1 through 7 except
where the requirements are
specifically referenced in
Chapter 8.

J} Applicable as referenced

| Chapter 8 — Communications Systems l
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| Annex A through Annex G | not mandatory

Figure 90.3 Code Arrangement.

90.5 Mandatory Rules, Permissive Rules, and
Explanatory Material.

(A) Mandatory Rules. Mandatory rules of this Code are
those that identify actions that are specifically required or
prohibited and are characterized by the use of the terms
shall or shall not.

(B) Permissive Rules. Permissive rules of this Code are
those that identify actions that are allowed but not required,
are normally used to describe options or alternative meth-
ods, and are characterized by the use of the terms shall be
permitted or shall not be required.

(C) Explanatory Material. Explanatory material, such as
references to other standards, references to related sections
of this Code, or information related to a Code rule, is in-
cluded in this Code in the form of fine print notes (FPNs).
Fine print notes are informational only and are not enforce-
able as requirements of this Code.

Brackets containing section references to another NFPA
document are for informational purposes only and are pro-
vided as a guide to indicate the source of the extracted text.

These bracketed references immediately follow the extracted
text.

FPN: The format and language used in this Code follows
guidelines established by NFPA and published in the NEC

Style Manual. Copies of this manual can be obtained from
NFPA.

NATIONAL ELECTRICAL CODE 2005 Edition
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Chapter 1 General

ARTICLE 100
Definitions

Scope. This article contains only those definitions essential
to the proper application of this Code. It is not intended to
include commonly defined general terms or commonly de-
fined technical terms from related codes and standards. In
general, only those terms that are used in two or more
articles are defined in Article 100. Other definitions are
included in the article in which they are used but may be
referenced in Article 100.

Part I of this article contains definitions intended to
apply wherever the terms are used throughout this Code.
Part II contains definitions applicable only to the parts of
articles specifically covering installations and equipment
operating at over 600 volts, nominal.

I. General

Accessible (as applied to equipment). Admitting close
approach; not guarded by locked doors, elevation, or other
effective means.

Accessible (as applied to wiring methods). Capable of
being removed or exposed without damaging the building
structure or finish or not permanently closed in by the struc-
ture or finish of the building.

Accessible, Readily (Readily Accessible). Capable of be-
ing reached quickly for operation, renewal, or inspections
without requiring those to whom ready access is requisite
to climb over or remove obstacles or to resort to portable
ladders, and so forth.

Ampacity. The current, in amperes, that a conductor can
carry continuously under the conditions of use without ex-
ceeding its temperature rating.

Appliance. Utilization equipment, generally other than in-
dustrial, that is normally built in standardized sizes or types
and is installed or connected as a unit to perform one or
more functions such as clothes washing, air conditioning,
food mixing, deep frying, and so forth.

Approved. Acceptable to the authority having jurisdiction.

Askarel. A generic term for a group of nonflammable syn-
thetic chlorinated hydrocarbons used as electrical insulating
media. Askarels of various compositional types are used.
Under arcing conditions, the gases produced, while consist-
ing predominantly of noncombustible hydrogen chloride,

70-26

can include varying amounts of combustible gases, depend-
ing on the askarel type.

Attachment Plug (Plug Cap) (Plug). A device that, by
insertion in a receptacle, establishes a connection between
the conductors of the attached flexible cord and the conduc-
tors connected permanently to the receptacle.

Authority Having Jurisdiction (AHJ). The organization,
office, or individual responsible for approving equipment,
materials, an installation, or a procedure.

FPN: The phrase “authority having jurisdiction” is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where
public safety is primary, the AHJ may be a federal, state,
local, or other regional department or individual such as a
fire chief; fire marshal; chief of a fire prevention bureau,
labor department, or health department; building official;
electrical inspector; or others having statutory authority.
For insurance purposes, an insurance inspection depart-
ment, rating bureau, or other insurance company represen-
tative may be the AHJ. In many circumstances, the property
owner or his or her designated agent assumes the role of the
AHJ; at government installations, the commanding officer
or departmental official may be the AHJ.

Automatic. Self-acting, operating by its own mechanism
when actuated by some impersonal influence, as, for ex-
ample, a change in current, pressure, temperature, or me-
chanical configuration.

Bathroom. An area including a basin with one or more of
the following: a toilet, a tub, or a shower.

Bonding (Bonded). The permanent joining of metallic parts
to form an electrically conductive path that ensures electrical
continuity and the capacity to conduct safely any current likely
to be imposed.

Bonding Jumper. A reliable conductor to ensure the required
electrical conductivity between metal parts required to be elec-
trically connected.

Bonding Jumper, Equipment. The connection between two
or more portions of the equipment grounding conductor.

Bonding Jumper, Main. The connection between the
grounded circuit conductor and the equipment grounding
conductor at the service.

Bonding Jumper, System. The connection between the
grounded circuit conductor and the equipment grounding
conductor at a separately derived system.

Branch Circuit. The circuit conductors between the final
overcurrent device protecting the circuit and the outlet(s).

NATIONAL ELECTRICAL CODE 2005 Edition
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100 ARTICLE 100 — DEFINITIONS

Device. A unit of an electrical system that is intended to
carry or control but not utilize electric energy.

Disconnecting Means. A device, or group of devices, or
other means by which the conductors of a circuit can be
disconnected from their source of supply.

Dusttight. Constructed so that dust will not enter the en-
closing case under specified test conditions.

Duty, Continuous. Operation at a substantially constant
load for an indefinitely long time.

Duty, Intermittent. Operation for alternate intervals of
(1) load and no load; or (2) load and rest; or (3) load, no
load, and rest.

Duty, Periodic. Intermittent operation in which the load
conditions are regularly recurrent.

Duty, Short-Time. Operation at a substantially constant
load for a short and definite, specified time.

Duty, Varying. Operation at loads, and for intervals of
time, both of which may be subject to wide variation.

Dwelling Unit. A single unit, providing complete and in-
dependent living facilities for one or more persons, includ-
ing permanent provisions for living, sleeping, cooking, and
sanitation.

Dwelling, One-Family. A building that consists solely of
one dwelling unit.

Dwelling, Two-Family. A building that consists solely of
two dwelling units.

Dwelling, Multifamily. A building that contains three or
more dwelling units.

Electric Sign. A fixed, stationary, or portable self-contained,
electrically illuminated utilization equipment with words or
symbols designed to convey information or attract attention.

Enclosed. Surrounded by a case, housing, fence, or wall(s)
that prevents persons from accidentally contacting ener-
gized parts.

Enclosure. The case or housing of apparatus, or the fence
or walls surrounding an installation to prevent personnel
from accidentally contacting energized parts or to protect
the equipment from physical damage.

FPN: See Table 430.91 for examples of enclosure types.

Energized. Electrically connected to, or is, a source of
voltage.

Equipment. A general term including material, fittings, de-
vices, appliances, luminaires (fixtures), apparatus, and the
like used as a part of, or in connection with, an electrical
installation.

70-28

Explosionproof Apparatus. Apparatus enclosed in a case
that is capable of withstanding an explosion of a specified
gas or vapor that may occur within it and of preventing the
ignition of a specified gas or vapor surrounding the enclo-
sure by sparks, flashes, or explosion of the gas or vapor
within, and that operates at such an external temperature
that a surrounding flammable atmosphere will not be ig-
nited thereby.

FPN: For further information, see ANSI/UL 1203-1999,
Explosion-Proof and Dust-Ignition-Proof Electrical Equip-
ment for Use in Hazardous (Classified) Locations.

Exposed (as applied to live parts). Capable of being in-
advertently touched or approached nearer than a safe dis-

tance by a person. It is applied to parts that are not suitably
guarded, isolated, or insulated.

Exposed (as applied to wiring methods). On or attached
to the surface or behind panels designed to allow access.

Externally Operable. Capable of being operated without
exposing the operator to contact with live parts.

Feeder. All circuit conductors between the service equip-
ment, the source of a separately derived system, or other

power supply source and the final branch-circuit overcur-
rent device.

Festoon Lighting. A string of outdoor lights that is sus-
pended between two points.

Fitting. An accessory such as a locknut, bushing, or other
part of a wiring system that is intended primarily to per-
form a mechanical rather than an electrical function.

Garage. A building or portion of a building in which one or
more self-propelled vehicles can be kept for use, sale, stor-
age, rental, repair, exhibition, or demonstration purposes.

FPN: For commercial garages, repair and storage, see Ar-
ticle 511.

Ground. A conducting connection, whether intentional or
accidental, between an electrical circuit or equipment and
the earth or to some conducting body that serves in place of
the earth.

Grounded. Connected to earth or to some conducting body
that serves in place of the earth.

Grounded, Effectively. Intentionally connected to earth
through a ground connection or connections of sufficiently
low impedance and having sufficient current-carrying ca-
pacity to prevent the buildup of voltages that may result in
undue hazards to connected equipment or to persons.

Grounded, Solidly. Connected to ground without inserting
any resistor or impedance device.

Grounded Conductor. A system or circuit conductor that
is intentionally grounded.

NATIONAL ELECTRICAL CODE 2005 Edition
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ARTICLE 100 — DEFINITIONS 100

Ground-Fault Circuit Interrupter (GFCI). A device in-
tended for the protection of personnel that functions to de-
energize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values
established for a Class A device.

FPN: Class A ground-fault circuit interrupters trip when the

current to ground has a value in the range of 4 mA to 6 mA.
For further information, see UL 943, Standard for Ground-

Fault Circuit Interrupters.
Ground-Fault Protection of Equipment. A system in-
tended to provide protection of equipment from damaging
line-to-ground fault currents by operating to cause a discon-
necting means to open all ungrounded conductors of the
faulted circuit. This protection is provided at current levels less
than those required to protect conductors from damage
through the operation of a supply circuit overcurrent device.

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

Grounding Conductor, Equipment. The conductor used
to connect the non—current-carrying metal parts of equip-
ment, raceways, and other enclosures to the system
grounded conductor, the grounding electrode conductor, or
both, at the service equipment or at the source of a sepa-
rately derived system.

Grounding Electrode. A device that establishes an electri-
cal connection to the earth.

Grounding Electrode Conductor. The conductor used to
connect the grounding electrode(s) to the equipment
grounding conductor, to the grounded conductor, or to both,
at the service, at each building or structure where supplied
by a feeder(s) or branch circuit(s), or at the source of a
separately derived system.

Guarded. Covered, shielded, fenced, enclosed, or otherwise
protected by means of suitable covers, casings, bartiers, rails,
screens, mats, or platforms to remove the likelihood of ap-
proach or contact by persons or objects to a point of danger.

Guest Room. An accommodation combining living, sleep-
ing, sanitary, and storage facilities within a compartment.

Guest Suite. An accommodation with two or more con-
tiguous rooms comprising a compartment, with or without
doors between such rooms, that provides living, sleeping,
sanitary, and storage facilities.

Handhole Enclosure. An enclosure identified for use in
underground systems, provided with an open or closed bot-
:om, and sized to allow personnel to reach into, but not
=nter, for the purpose of installing, operating, or maintain-

ng equipment or wiring or both.

Hoistway. Any shaftway, hatchway, well hole, or other ver-
.cal opening or space in which an elevator or dumbwaiter
= designed to operate.

~ 13 Edition NATIONAL ELECTRICAL CODE

Identified (as applied to equipment). Recognizable as
suitable for the specific purpose, function, use, environ-
ment, application, and so forth, where described in a par-

ticular Code requirement.

FPN: Some examples of ways to determine suitability of
equipment for a specific purpose, environment, or applica-
tion include investigations by a qualified testing laboratory
(listing and labeling), an inspection agency, or other orga-
nizations concerned with product evaluation.

In Sight From (Within Sight From, Within Sight). Where
this Code specifies that one equipment shall be “in sight
from,” “within sight from,” or “within sight,” and so forth,
of another equipment, the specified equipment is to be vis-
ible and not more than 15 m (50 ft) distant from the other.

Interrupting Rating. The highest current at rated voltage
that a device is intended to interrupt under standard test
conditions.

FPN: Equipment intended to interrupt current at other than
fault levels may have its interrupting rating implied in other
ratings, such as horsepower or locked rotor current.

Isolated (as applied to location). Not readily accessible
to persons unless special means for access are used.

Labeled. Equipment or materials to which has been attached
a label, symbol, or other identifying mark of an organization
that is acceptable to the authority having jurisdiction and con-
cerned with product evaluation, that maintains periodic in-
spection of production of labeled equipment or materials, and
by whose labeling the manufacturer indicates compliance with
appropriate standards or performance in a specified manner.

Lighting Outlet. An outlet intended for the direct connec-
tion of a lampholder, a luminaire (lighting fixture), or a
pendant cord terminating in a lampholder.

Listed. Equipment, materials, or services included in a list
published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation
of products or services, that maintains periodic inspection
of production of listed equipment or materials or periodic
evaluation of services, and whose listing states that the
equipment, material, or services either meets appropriate
designated standards or has been tested and found suitable
for a specified purpose.

FPN: The means for identifying listed equipment may
vary for each organization concerned with product evalua-
tion, some of which do not recognize equipment as listed
unless it is also labeled. Use of the system employed by the
listing organization allows the authority having jurisdiction
to identify a listed product.

Live Parts. Energized conductive components.

70-29
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ARTICLE 250 — GROUNDING AND BONDING

250.21

(E) Isolation of Objectionable Direct-Current Ground
Currents. Where isolation of objectionable dc ground cur-
rents from cathodic protection systems is required, a listed
ac coupling/dc isolating device shall be permitted in the
equipment grounding path to provide an effective return
path for ac ground-fault current while blocking dc current.

250.8 Connection of Grounding and Bonding Equipment.
Grounding conductors and bonding jumpers shall be con-
nected by exothermic welding, listed pressure connectors,
listed clamps, or other listed means. Connection devices or
fittings that depend solely on solder shall not be used. Sheet
metal screws shall not be used to connect grounding con-
ductors or connection devices to enclosures.

250.10 Protection of Ground Clamps and Fittings.

Ground clamps or other fittings shall be approved for gen-

eral use without protection or shall be protected from

physical damage as indicated in (1) or (2) as follows:

(1) In installations where they are not likely to be damaged

(2) Where enclosed in metal, wood, or equivalent protec-
tive covering

250.12 Clean Surfaces. Nonconductive coatings (such as
paint, lacquer, and enamel) on equipment to be grounded shall
be removed from threads and other contact surfaces to ensure
good electrical continuity or be connected by means of fittings
designed so as to make such removal unnecessary.

II. System Grounding

250.20 Alternating-Current Systems to Be Grounded.
Alternating-current systems shall be grounded as provided for
in 250.20(A), (B), (C), or (D). Other systems shall be permit-
ted to be grounded. If such systems are grounded, they shall
comply with the applicable provisions of this article.

FPN: An example of a system permitted to be grounded is a
corner-grounded delta transformer connection. See 250.26(4)
for conductor to be grounded.

(A) Alternating-Current Systems of Less Than 50 Volts.

Alternating-current systems of less than 50 volts shall be

grounded under any of the following conditions:

(1) Where supplied by transformers, if the transformer sup-
ply system exceeds 150 volts to ground

(2) Where supplied by transformers, if the transformer sup-
ply system is ungrounded

(3) Where installed as overhead conductors outside of -

buildings

(B) Alternating-Current Systems of 50 Volts to 1000
Volts. Alternating-current systems of 50 volts to 1000 volts
that supply premises wiring and premises wiring systems
shall be grounded under any of the following conditions:

2005 Edition NATIONAL ELECTRICAL CODE

(1) Where the system can be grounded so that the maxi-
mum voltage to ground on the ungrounded conductors
does not exceed 150 volts

(2) Where the system is 3-phase, 4-wire, wye connected in
which the neutral is used as a circuit conductor

(3) Where the system is 3-phase, 4-wire, delta connected in
which the midpoint of one phase winding is used as a
circuit conductor

(C) Alternating-Current Systems of 1 kV and Over.
Alternating-current systems supplying mobile or portable
equipment shall be grounded as specified in 250.188.
Where supplying other than mobile or portable equipment,
such systems shall be permitted to be grounded.

(D) Separately Derived Systems. Separately derived sys-
tems, as covered in 250.20(A) or (B), shall be grounded as
specified in 250.30.

FPN No. 1: An alternate ac power source such as an on-site
generator is not a separately derived system if the neutral is
solidly interconnected to a service-supplied system neutral.

FPN No. 2: For systems that are not separately derived
and are not required to be grounded as specified in 250.30,
see 445.13 for minimum size of conductors that must carry
fault current.

(E) Impedance Grounded Neutral Systems. Impedance
grounded neutral systems shall be grounded in accordance
with 250.36 or 250.186.

250.21 Alternating-Current Systems of 50 Volts to
1000 Volts Not Required to Be Grounded. The follow-
ing ac systems of 50 volts to 1000 volts shall be permitted
to be grounded but shall not be required to be grounded:
(1) Electric systems used exclusively to supply industrial
electric furnaces for melting, refining, tempering, and
the like
(2) Separately derived systems used exclusively for recti-
fiers that supply only adjustable-speed industrial drives
(3) Separately derived systems supplied by transformers
that have a primary voltage rating less than 1000 volts,
provided that all the following conditions are met:

a. The system is used exclusively for control circuits.

b. The conditions of maintenance and supervision ensure
that only qualified persons service the installation.

c. Continuity of control power is required.

d. Ground detectors are installed on the control
system.

(4) Other systems that are not required to be grounded in
accordance with the requirements of 250.20(B).

Where an alternating-current system is not grounded as per-
mitted in 250.21(1) through (4), ground detectors shall be
installed on the system.

70-95

LIBERTY EXHIBIT 1009, Page 8



250.92

ARTICLE 250 — GROUNDING AND BONDING

250.92 Services.

(A) Bonding of Services. The non—current-carrying metal
parts of equipment indicated in 250.92(A)(1), (A)(2), and
(A)(3) shall be effectively bonded together.

(1) The service raceways, cable trays, cablebus framework,
auxiliary gutters, or service cable armor or sheath ex-
cept as permitted in 250.84.

(2) All service enclosures containing service conductors,
including meter fittings, boxes, or the like, interposed
in the service raceway Or armor.

(3) Any metallic raceway or armor enclosing a grounding
electrode conductor as specified in 250.64(B). Bonding
shall apply at each end and to all intervening raceways,
boxes, and enclosures between the service equipment
and the grounding electrode.

(B) Method of Bonding at the Service. Electrical conti-
nuity at service equipment, service raceways, and service
conductor enclosures shall be ensured by one of the follow-
ing methods:

(1) Bonding equipment to the grounded service conductor
in a manner provided in 250.8

(2) Connections utilizing threaded couplings or threaded
bosses on enclosures where made up wrenchtight

(3) Threadless couplings and connectors where made up
tight for metal raceways and metal-clad cables

(4) Other listed devices, such as bonding-type locknuts,
bushings, or bushings with bonding jumpers

Bonding jumpers meeting the other requirements of this
article shall be used around concentric or eccentric knock-
outs that are punched or otherwise formed so as to impair
the electrical connection to ground. Standard locknuts or
bushings shall not be the sole means for the bonding re-
quired by this section.

250.94 Bonding for Other Systems. An accessible means
external to enclosures for connecting intersystem bonding
and grounding electrode conductors shall be provided at the
service equipment and at the disconnecting means for any
additional buildings or structures by at least one of the
following means:

(1) Exposed nonflexible metallic raceways
(2) Exposed grounding electrode conductor
(3) Approved means for the external connection of a cop-

per or other corrosion-resistant bonding or grounding
conductor to the grounded raceway or equipment

FPN No. I: A 6 AWG copper conductor with one end
bonded to the grounded nonflexible metallic raceway or
equipment and with 150 mm (6 in.) or more of the other
end made accessible on the outside wall is an example of
the approved means covered in 250.94(3).
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FPN No. 2: See 800.100, 810.21, and 820.100 for bpndi.ng
and grounding requirements for communicaFion_s circuits,
radio and television equipment, and CATV circuits.

250.96 Bonding Other Enclosures.

(A) General. Metal raceways, cable trays, cable armor, cable
sheath, enclosures, frames, fittings, and other metal non—
current-carrying parts that are to serve as grounding conduc-
tors, with or without the use of supplementary equipment
grounding conductors, shall be effectively bonded where nec-
essary to ensure electrical continuity and the capacity to con-
duct safely any fault current likely to be imposed on them.
Any nonconductive paint, enamel, or similar coating shall be
removed at threads, contact points, and contact surfaces or be
connected by means of fittings designed so as to make such
removal unnecessary.

(B) Isolated Grounding Circuits. Where required for the
reduction of electrical noise (electromagnetic interference) on
the grounding circuit, an equipment enclosure supplied by a
branch circuit shall be permitted to be isolated from a raceway
containing circuits supplying only that equipment by one or
more listed nonmetallic raceway fittings located at the point of
attachment of the raceway to the equipment enclosure. The
metal raceway shall comply with provisions of this article and
shall be supplemented by an internal insulated equipment
grounding conductor installed in accordance with 250.146(D)
to ground the equipment enclosure.

FPN: Use of an isolated equipment grounding conductor
does not relieve the requirement for grounding the raceway
system.

250.97 Bonding for Over 250 Volts. For circuits of over
250 volts to ground, the electrical continuity of metal race-
ways and cables with metal sheaths that contain any con-
ductor other than service conductors shall be ensured by
one or more of the methods specified for services in
250.92(B), except for (B)(1).

Exception:  Where oversized, concentric, or eccentric
knockouts are not encountered, or where a box or enclosure
with concentric or eccentric knockouts listed to provide a
permanent, reliable electrical bond, the following methods

shall be permitted:

(1) Threadless couplings and connectors for cables with
metal sheaths

(2) Two locknuts, on rigid metal conduit or intermediate
metal conduit, one inside and one outside of boxes and
cabinets

(3) Fittings with shoulders that seat Sirmly against the box or
cabinet, such as electrical metallic tubing connectors,
flexible metal conduit connectors, and cable connectors,
with one locknut on the inside of boxes and cabinets

| (4) Listed fittings
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250.116

ARTICLE 250 — GROUNDING AND BONDING

c. Hand-held motor-operated tools, stationary and fixed
motor-operated tools, light industrial motor-operated
tools

d. Motor-operated appliances of the following types:
hedge clippers, lawn mowers, snow blowers, and
wet scrubbers

e. Portable handlamps

(4) In other than residential occupancies:

a. Refrigerators, freezers, and air conditioners

b. Clothes-washing, clothes-drying, dish-washing ma-
chines; information technology equipment; sump
pumps and electrical aquarium equipment

c. Hand-held motor-operated tools, stationary and fixed
motor-operated tools, light industrial motor-operated
tools

d. Motor-operated appliances of the following types:
hedge clippers, lawn mowers, snow blowers, and
wet scrubbers

e. Portable handlamps

f. Cord-and-plug-connected appliances used in damp
or wet locations or by persons standing on the
ground or on metal floors or working inside of metal
tanks or boilers

g. Tools likely to be used in wet or conductive locations

Exception: Tools and portable handlamps likely to be used
in wet or conductive locations shall not be required to be
grounded where supplied through an isolating transformer
with an ungrounded secondary of not over 50 volts.

250.116 Nonelectric Equipment. The metal parts of
nonelectric equipment described in this section shall be
grounded.

(1) Frames and tracks of electrically operated cranes and
hoists

(2) Frames of nonelectrically driven elevator cars to which
electric conductors are attached

(3) Hand-operated metal shifting ropes or cables of electric
elevators

FPN: Where extensive metal in or on buildings may be-
come energized and is subject to personal contact, adequate
bonding and grounding will provide additional safety.

250.118 Types of Equipment Grounding Conductors.
The equipment grounding conductor run with or enclosing
the circuit conductors shall be one or more or a combina-
tion of the following:

(1) A copper, aluminum, or copper-clad aluminum con-
ductor. This conductor shall be solid or stranded; in-
sulated, covered, or bare; and in the form of a wire or
a busbar of any shape.

(2) Rigid metal conduit.
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(3) Intermediate metal conduit.

(4) Electrical metallic tubing.

(5) Listed flexible metal conduit meeting all the following
conditions:

a. The conduit is terminated in fittings listed for
grounding.

b. The circuit conductors contained in the conduit are
protected by overcurrent devices rated at 20 am-
peres or less.

c. The combined length of flexible metal conduit and
flexible metallic tubing and liquidtight flexible
metal conduit in the same ground return path does
not exceed 1.8 m (6 ft).

d. Where used to connect equipment where flexibility
is necessary after installation, an equipment
grounding conductor shall be installed.

(6) Listed liquidtight flexible metal conduit meeting all
the following conditions:

a. The conduit is terminated in fittings listed for
grounding.

b. For metric designators 12 through 16 (trade sizes
34 through ), the circuit conductors contained in
the conduit are protected by overcurrent devices
rated at 20 amperes or less.

c. For metric designators 21 through 35 (trade sizes
%4 through 1Y4), the circuit conductors contained in
the conduit are protected by overcurrent devices
rated not more than 60 amperes and there is no
flexible metal conduit, flexible metallic tubing, or
liquidtight flexible metal conduit in trade sizes
metric designators 12 through 16 (trade sizes ¥
through %) in the grounding path.

d. The combined length of flexible metal conduit and
flexible metallic tubing and liquidtight flexible
metal conduit in the same ground return path does
not exceed 1.8 m (6 ft).

e. Where used to connect equipment where flexibility is
necessary after installation, an equipment grounding
conductor shall be installed.

(7) Flexible metallic tubing where the tubing is termi-
nated in fittings listed for grounding and meeting the
following conditions:

a. The circuit conductors contained in the tubing are
protected by overcurrent devices rated at 20 am-
peres or less.

b. The combined length of flexible metal conduit and
flexible metallic tubing and liquidtight flexible
metal conduit in the same ground return path does
not exceed 1.8 m (6 ft).

(8) Armor of Type AC cable as provided in 320.108.

(9) The copper sheath of mineral-insulated, metal-sheathed
cable.
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250.186

ARTICLE 250 — GROUNDING AND BONDING

| (C) Multigrounded Neutral Systems. Where a multi-
grounded neutral system is used, the following shall apply:

(1) The neutral of a solidly grounded neutral system shall
be permitted to be grounded at more than one point.
Grounding shall be permitted at one or more of the fol-
lowing locations:

a. Transformers supplying conductors to a building or
other structure

b. Underground circuits where the neutral is exposed

c. Overhead circuits installed outdoors

(2) The multigrounded neutral conductor shall be grounded
at each transformer and at other additional locations by
connection to a made or existing electrode.

(3) At least one grounding electrode shall be installed and
connected to the multigrounded neutral circuit conduc-
tor every 400 m (1300 ft).

(4) The maximum distance between any two adjacent elec-
trodes shall not be more than 400 m (1300 ft).

(5) In a multigrounded shielded cable system, the shielding
shall be grounded at each cable joint that is exposed to
personnel contact.

250.186 Impedance Grounded Neutral Systems. Imped-

ance grounded neutral systems in which a grounding imped-

ance, usually a resistor, limits the ground-fault current, shall be

permitted where all of the following conditions are met:

(1) The conditions of maintenance and supervision ensure
that only qualified persons will service the installation.

(2) Ground detectors are installed on the system.
(3) Line-to-neutral loads are not served.

Impedance grounded neutral systems shall comply with
the provisions of 250.186(A) through (D).

(A) Location. The grounding impedance shall be inserted
in the grounding conductor between the grounding elec-
trode of the supply system and the neutral point of the
supply transformer or generator.

(B) Identified and Insulated. The neutral conductor of an
impedance grounded neutral system shall be identified, as
well as fully insulated with the same insulation as the phase
conductors.

(C) System Neutral Connection. The system neutral
shall not be connected to ground, except through the
neutral grounding impedance.

(D) Equipment Grounding Conductors. Equipment
grounding conductors shall be permitted to be bare and
shall be electrically connected to the ground bus and
grounding electrode conductor.

250.188 Grounding of Systems Supplying Portable or
Mobile Equipment. Systems supplying portable or mobile
high-voltage equipment, other than substations installed on a
temporary basis, shall comply with 250.188(A) through (F).
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(A) Portable or Mobile Equipment. Portable or mobile
high-voltage equipment shall be supplied from a system
having its neutral grounded through an impedance. Where
a delta-connected high-voltage system is used to supply
portable or mobile equipment, a system neutral shall be
derived.

(B) Exposed Non—Current-Carrying Metal Parts. Ex-
posed non—current-carrying metal parts of portable or mo-
bile equipment shall be connected by an equipment ground-
ing conductor to the point at which the system neutral
impedance is grounded.

(C) Ground-Fault Current. The voltage developed be-
tween the portable or mobile equipment frame and ground
by the flow of maximum ground-fault current shall not
exceed 100 volts.

(D) Ground-Fault Detection and Relaying. Ground-fault
detection and relaying shall be provided to automatically
de-energize any high-voltage system component that has
developed a ground fault. The continuity of the equipment
grounding conductor shall be continuously monitored so as
to de-energize automatically the high-voltage circuit to the
portable or mobile equipment upon loss of continuity of the
equipment grounding conductor.

(E) Isolation. The grounding electrode to which the por-
table or mobile equipment system neutral impedance is
connected shall be isolated from and separated in the
ground by at least 6.0 m (20 ft) from any other system or
equipment grounding electrode, and there shall be no direct
connection between the grounding electrodes, such as bur-
ied pipe and fence, and so forth.

(F) Trailing Cable and Couplers. High-voltage trailing
cable and couplers for interconnection of portable or mo-
bile equipment shall meet the requirements of Part III of
Article 400 for cables and 490.55 for couplers.

250.190 Grounding of Equipment. All non—current-
carrying metal parts of fixed, portable, and mobile equip-
ment and associated fences, housings, enclosures, and sup-
porting structures shall be grounded.

Exception: Where isolated from ground and located so as to
prevent any person who can make contact with ground from
contacting such metal parts when the equipment is energized.

Grounding conductors not an integral part of a cable
assembly shall not be smaller than 6 AWG copper or 4
AWG aluminum.

FPN: See 250.110, Exception No. 2, for pole-mounted
distribution apparatus.
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