











250.186

ARTICLE 250 — GROUNDING AND BONDING

Exception No. 2: Bare conductors shall be permitted for
the neutral conductor “of overhead portions installed
outdoors.

Exception No. 3: The grouwvided neutral conductor shall be
permitted to be a bare conductor if isolated from phase
conductors and protected from physical damage.

FPN: See 225.4 for conductor covering where within 3.0 m
(10 ft) of any building or other structure.

(2) Ampacity. The neutral conductor shall be of sufficient
ampacity for the load imposed on the conductor but not less
than 335 percent of the ampacity of the phase conductors.

Exception: In industrial and commercial premises under
engineering supervision, it shall be permissible to size the
ampacity of the neutral conductor to not less than 20 per-
cent of the ampacity of the phase conductor.

(B) Single-Point Grounded Neutral System. Where a
single-point grounded neutral system is used, the following
shall apply:
(1) A single-point grounded neutral system shall be permit-
ted to be supplied from (a) or (b):
a. A separately derived system
b. A multigrounded neutral system with an equipment
grounding conductor connected to the multi-
grounded neutral condyctor at the source of the
single-point grounded neutral system
(2) A grounding electrode shall be provided for the system.
(3) A grounding electrode conductor shall connect the
grounding electrode to the system neutral condugtor.
(4) A bonding jumper shall connect the equipment ground-
ing conductor to the grounding electrode conductor.
(5) An equipment grouading conductor shall be provided
to each building, structure, and equipment enclosure.
(6) A neutral conductor shall only be required where
phase-to-neutral loads are supplied.
(7) The neutral conductor, where provided, shall be insu-
lated and isolated from earth except at one location.
(8) An equipment grounding conductor shall be run with
the phase conductors and shall comply with (a), (b),
and (c):
a. Shall not carry continuous load
b. May be bare or insulated
c¢. Shall have sufficient ampacity for fault current duty

(C) Multigrounded Neutral Systems. Where a multi-
grounded neutral system is used, the following shall apply:
(1) The neutral ¢onductor 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 following locations:
a. Transformers supplying conductors to a building or
other structure
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b. Underground circuits where the neutral conductor is
exposed
c¢. Overhead circuits installed outdoors

(2) The muitigrounded neutral conductor shall be grounded
at each transformer and at other additional locations by
connection to a gtaunding electrode.

(3) At least one grounding electrode shall be installed and
connected to the multigrounded neutral conductor ev-
ery 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 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) ldentified 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 Conductor Connection. The system
neutral conductor 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).

(A) Portable or Mobile Equipment. Portable or mobile
high-voltage equipment shall be supplied from a system
having its neutral conductor grounded through an imped-
ance. Where a delta-connected high-voltage system is used
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ARTICLE 280 — SURGE ARRESTERS, OVER 1 kV 280.5

to supply portable or mobile equipment, a system neutral
point and:associated neutral conductor 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) lIsolation. 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.

Equipment 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 dis-
tribution apparatus.
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I. General

280.1 Scope. This article covers general requirements, instal-
lation requirements, and connection requirements for surge
arresters installed on premises wiring systems ever 1 kV

280.3 Number Required. Where used at a point on a cir-
cuit, a surge arrester shall be connected to each ungrounded
conductor. A single installation of such surge arresters shall
be permitted to protect a number of interconnected circuits,
provided that no circuit is exposed to surges while discon-
nected from the surge arresters.

280 4 Surge Arrester Selection. The surge arresters shall
280:4(A) and (B).

(B) Silicon Carbide Types. The rating of a silicon
carbide-type surge arrester shall be not less than 125 per-

FPN No. 1: For further information on surge arresters, see
ANSVIEEE C62. 11- , Standard for Metal Oxtde Surge

and ANSI/IEEE C62.22- 1997 Guide for the Appltc ion of
Metal-Oxide Surge Arresters for Alternating-Current
Systems.

FPN No. 2: The selection of a properly rated metal oxide
arrester is based on considerations of maximum continuous
operating voltage and the magnitude and duration of over-
voltages at the arrester location as affected by phase-to-
ground faults, system grounding techniques, switching
surges, and other causes. See the manufacturer’s applica-
tion rules for selection of the specific arrester to be used at
a particular location.

2805 Listing. A surgesarrester shall'be a listed device.
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280.11

ARTICLE 285 — SURGE-PROTECTIVE DEVICES (SPDs), 1 kV OR LESS

II. Installation

280.11 Location. Surge arresters shall be permitted to be
located indoors or outdoors. Surge arresters shall be made
inaccessible to unqualified persons, unless listed for instal-
lation in accessible locations.

-280.12 Routing of Surge Arrester Grounding Condue-
tors. The conductor used to connect the surge arrester to
line, bus, oriequipment and to:a grounding conductor con-
nection point'as provided in 280,21 shall not be any longer
than necessary and shall avoid unnecessary bends.

III. Connecting Surge Arresters

280.21 Conmection. The arrester grounding conductor
shall be connected to one of the following:

(1) Grounded service conductor

(2) Grounding electrode conductor

(3) Grounding electrode for the service

(4) Equipment grounding terminal in the service equipment

280.23 Surge-Arrester-Conductors. The conductor be-
tween the surge arrester and the line and the surge arrester
and the grounding connection shall not be smaller than
6 AWG copper or aluminum.

280.24 Interconnections. The grounding conductor of a
surge arrester protecting a transformer that supplies a sec-
ondary distribution system shall be interconnected as speci-
fied in 280.24(A), (B), or (C).

(A) Metallic Interconnections. A metallic interconnection
shall be made to the secondary grounded circuit conductor
or the secondary circuit grounding conductor provided that,
in addition to the direct grounding connection at the surge
arrester, the following occurs:

(1) Additional::Grounding  Ci tiort. The grounded
conductor of the secondary has elsewhere a grounding con-
nection to a continuous metal underground water piping
system. In urban water-pipe areas where there are at least
four water-pipe connections on the neutral ¢onductor and
not fewer than four such connections in each mile of neu-
tral cofiductor, the metallic interconnection shall be permit-
ted to be made to the secondary neutral conductor with
omission of the direct grounding connection at the surge
arrester.

(2) Multigrounded Neutral System Connection. The
grounded conductor of the secondary system is a part of a
multigrounded neutral system or static wire of which the
primary neutral conductor or static wire has at least four
grounditig connections in each mile of line in addition to a
grounding connection at each service.
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(B) Through Spark Gap or Device. Where the surge ar-
rester grounding conductor is not connected as in
280.24(A) or where the secondary is not grounded as in
280.24(A) but is otherwise grounded as in 250.52, an inter-
connection shall be made through a spark gap or listed
device as required by (B)(1) or (B)(2):

Jed- or Unigrounded Primary: System. For
ungrounded or unlgrounded prlmary systems the spark gap
or listed device shall have a 60-Hz breakdown voltage of at
least twice the primary circuit voltage but not necessarily
more than 10 kV, and there shall be at least one other
ground on the grounded conductor of the secondary that is
not less than 6.0 m (20 ft) distant from the surge-arrester
grounding electrode.

(2) Multigr ary System. For multi-
grounded ‘neutral prlmary systems the spark gap or listed
device shall have a 60-Hz breakdown of not more than 3 kV,
and there shall be at least one other ground on the grounded
conductor of the secondary that is not less than 6.0 m (20 ft)
distant from the surge-arrester grounding electrode.

3 1%

(C) By Special Permission. An interconnection of the
surge-arrester ground and the secondary neutral ¢otid A
other than as provided in 280.24(A) or (B), shall be permlt-
ted to be made only by special permission.

280.25 Grounding Conduéf tions and ‘Enclo-
sures. Except as indicated in this artlcle surge -arrester
grounding ¢andictor connections shal] be made as speci-

fied in Article 250 Pans ﬂl

I. General

285.1 Scope. This article covers general requirements, in-
stallatlon requlrements and connection requirements for

ent voltage surge suppres-

] perrnatnently installed on premises wiring

285.3 Uses Not Permitted. An SPD:(surge arrester or
TVSS) device shall not be installed in the following:
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ARTICLE 285 — SURGE-PROTECTIVE DEVICES (SPDs), 1 kV OR LESS 285.28

(1) Circuits exceeding 1 kV

(2) On ungrounded systems, impedance grounded systems,
or corner grounded delta systems unless listed specifi-
cally for use on these systems.

(3) Where the rating of the SPD (surge atréster or TVSS)
is less than the maximum continuous phase-to-ground
power frequency voltage available at the point of
application

FPN: For further information on SPDs.(FVSS8s), see
NEMA LS 1-1992, Standard for Low Voltage Surge Sup-
pression Devices. The selection of a properly rated SPD
(FV8S) is based on criteria such as maximum continuous
operating voltage. the magnitude and duration of overvoit-
ages at the suppressor location as affected by phase-to-
ground faults, system grounding techniques, and switching
surges.

285.4 Number Required. Where used at a point on a cir-
cuit, the SPD} (surge arreéster ‘or TVSS) shall be connected
to each ungrounded conductor.

285.5 Listing. An SPD (surge armester or TVSS) shall be a
listed device.

285.6 Short-Circuit Current Rating. The SPD (surge ar-
restér o TVSS) shall be marked with a short-circuit current
rating and shall not be installed at a point on the system
where the available fault current is in excess of that rating.
This marking requirement shall not apply to receptacles.

I1. Installation

285.11 Location. SPDs:(snrge arresters of TV 38s) shall be
permitted to be located indoors or outdoors and shall be
made inaccessible to unqualified persons, uniess listed for
installation in accessible locations.

285.12 Routing of Connectlons The conductors used to
connect the SPD (surge arrester or TVSS) to the line or bus
and to ground shall not be any longer than necessary and
shall avoid unnecessary bends.

III. Connecting SPDs.

285.21 Connection. Where an«SPD-{surge  amrestet or
TVSS) device is installed, it shall comply with 28523
through 285.28.

28523 Type 1 SPDs (Surge Arresters). Type:
shall be installed in accordance with 285,23(A) ar

(A) Installation. Type 1:SPDs (surge: arresters) shall be

nstalled as follows:

(1) Type 1 SPDs (surge arrestersy shall be permitted to be

confiected to the supply:side of the service disconnect
as-permitted in 230.82(4) or
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(2) Type 1 SPDs. (surge arresters) shall be permitted to be
contiected as-specified in 285.24.

B) Atthe S rvice When mstalked at semces, the ground—

(3) Grounding electrode for the sérvice

(4) Equipment  grounding terminal in.  the :service
equipment
SPDs (TVSSs). Type 2 SPDs (TVSSs) shall
e with 285.24(A) through (C).

(A) Service-Supplied Building or Structure. Type:2
SPDs (TVSSs) shall be connected anywhere on the load
side of a service disconnect overcurrent device required in
230.91, unless installed in accordance with 230.82(8).

(B) Feeder-Supplied Building or Structure. Type 2 SPDs
(T'VSSs) shall be connected at the building or structure
anywhere on the load side of the first overcurrent device at
the building or structure.

(C) Separately Derived System. The SPD (TVSS) shall
be connected on the load side of the first overcurrent device
in a separately derived system.

TVSSS) shall be W-

285.26 Conductor Size. Line and grounding conductors
shall not be smaller than 14 AWG copper or 12 AWG
aluminum.

285&7 Connection Between Conductors. An SPD. (surge

Bl TVSS) shall be permitted to be connected be-
tween any two conductors — ungrounded conductor(s),
grounded conductor, grounding conductor. The grounded
conductor and the grounding conductor shall be intercon-
nected only by the normal operation of the SPD: (surge
srrester or TVSS) during a surge.

285.28 Grounding Conductor Connections and. Enclo-
sures. Bxcept as indicated in this articls, SPD grounding
connections shall-be made as specified in Article 250, Part
HE: Grounding - conductors - installed  in::metal ‘enclosures
shall comply with 250.64(E).
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