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ARTICLE 250 — GROUNDIN G AND BONDING 25053

II1. Grounding Electrode System and Grounding
Electrode Conductor

250,50 Grounding Electrode System. All grounding elec-
trodes as described in 250.52(AN1) through (ANT) that are
present at each building or structure served shall be bonded
together to form the grounding electrode system. Where
none of these grounding electrodes exist, one or more of
the grounding electrodes specified in 250.52(AN4) through
{ANS) shall be installed and used.

Exceprion:  Concrele-encased electrodes of existing build-
ings or strciures shall not be reguived 1o be part of 1he
gromnding electvode system where the steel weinforcing bars
oF Fods are mol decessible for wse withou! disturbing e
CORCRere.

250,52 Grounding Electrodes.
{A) Electrodes Permitted for Grounding.

(1) Metal Underground Water Pipe. A metal underground
water pipe in direct contact with the earth for 3.0 m (10 ) or
maore {including any metal well casing bonded to the pipe) and
electrically continuous {or made electrically continuous by
bonding around insulating joints or insulating pipe) to the
points of connection of the grounding electiode conductor and
the bonding conductor(s) or jumper(s), if installed.

{2} Metal Frame of the Building or Structure. The metal
frame of the building or structure that is connected 1o the
earth by one or more of the following methods:

(1) At least one structural metal member that is in direct
contact with the earth for 3.0 m { 10 £1) or more, with or
without concrete encasement.

{2} Hold-down bolts securing the structural steel column
that are connected 1o a concrete-encased electrode that
complies with 250.52{ AN3) and is located in the sup-
port footing or foundation. The hold-down bolts shall
be comnected to the concrele-encased electrode by
welding, exothermic welding. the usual steel tie wires,
or other approved means.

(3} Concrete-Encased Electrode. A conciele-encased elec-

trode shall consist of at least 6.0 m (20 1) of either (1) or (2):

(1) One or more bare or zine galvanized or other electri-
cally conductive coated steel reinforcing bars or rods of
not less than 13 num (%2 in) in diameter, installed in
one continuous 6.0 m (20 ) length, or if in multiple
pieces connected together by the usual steel tie wires,
exothermic welding, welding, or other effective means
o create a 6.0 m (20 ) or greater length: or

{2) Bare copper conductor not smaller than 4 AWG

Metallic components shall be encased by at least 50 mm
{2 in.) of concrete and shall be located horizontally within that
portion of a concrete foundation or footing that is in direct
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contact with the earth or within vertical foundations or struc-
tual components or members that are in direct contact with
the earth. If multiple conciele-encased electrodes are present
at a building or structure, it shall be permissible 1o bond only
one into the grounding electiode system.

Informational Mote: Concrete installed with insulation, va-
par barriers, films or similar ilems sepamting the concrete
fram the cwth is not considered o be in “direct contact™
with the earth.

(4} Ground Ring. A ground ring encircling the building or
structure, in direct contact with the earth, consisting of at
least 6.0 m (20 ) of bare copper conductor not smaller
than 2 AWG.

(%) Rod and Pipe Electrodes. Rod and pipe electrodes
shall not be less than 244 m (8 1) in length and shall
consist of the following materials,

{a) Grounding electrodes of pipe or conduit shall not

be smaller than metric designator 21 {rade size 34) and,

where of steel. shall have the outer surface galvanized or
otherwise metal-coated for corrosion protection.

(b}  Rod-type grounding electrodes of stainless steel
and copper or zine coated steel shall be at least 1587 mm
(%% in.} in diameter, unless listed.

{6) Other Listed Electrodes. Other listed grounding elec-
trodes shall be permitted.

{7) Plate Electrodes. Each plate electirode shall expose not
less than 0.186 m™ (2 i) of surface lo exterior soil. Elec-
trodes of bare or conductively coated iron or steel plates
shall be ot least 6.4 mm (% in.) in thickness. Solid. un-
coated elecirodes of nonferrous metal shall be @ least
1.5 mm (006 in.) in thickness.

{#) Other Local Metal Underground Systems or Struc-
tures. Other local metal underground systems or structures
such as piping systems, underground tanks, and under
ground metal well casings that are not bonded to a metal
waler pipe.

(B} Not Permitted for Use as Grounding Electrodes.
The following systems and materials shall not be used as
grounding electrodes:

(1) Metal underground gas piping systems
{2} Aluminum

Informational Note:  See 250.104B) for banding require-
ments of gus piping.

25053 Grounding Electrode System Installation.
(A} Rod, Pipe, and Plate Electrodes. Rod. pipe, and plate

electrodes shall meet the requirements of 250.53(AN1)
through {AM3).
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250.54 ARTICLE 250 — GROUNDING AND BONDING

(1) Below Permanent Moisture Level. Il practicable, rod,

pipe. and plate electrodes shall be embedded below perma-
nent moisture level. Rod, pipe. and plate electrodes shall be
free from nonconductive coatings such as paint or enamel.

{2} Supplemental Electrode Required. A single rod. pipe.

or plate electrode shall be supplemented by an additional
electrode of a type specified in 250.52(AN2) through
{ANE). The supplemental electrode shall be permitted to be
bonded to one of the following:

(1} Rod. pipe. or plate electrode

{2) Grounding electrode conductor

{3} Grounded service-entrance conductor
{4} Nonflexible grounded service raceway
{5) Any grounded service enclosure

Excepiion: If a single rod pipe. or plate prounding elec-
trode has a resistance to earth of 25 ohms or less, the
supplemenial electiode shall not be reguived.

(3) Supplemental Electrode. If multiple rod. pipe, or plate
electrodes arve installed to meet the requirements of this
section, they shall not be less than 1.8 m (6 [U) apart.

Informational Nate:  The paralleling effidency of mds is
increased by spacing them twice the length of the longest md.

{B) Electrode Spacing. Where more than one of the elec-
trodes of the type specified in 250.52(AN5) or (ANT) are
used, each electrode of one grounding system {including
that used for strike termination devices) shall not be less
than 1.83 m (&6 fi} from any other electrode of another
grounding system. Two or more grounding electrodes that
are bonded together shall be considered a single grounding
electrode system.

{C) Bonding Jumper. The bonding jumper(s) used to con-
nect the grounding electrodes together to form the ground-
ing electrode system shall be installed in sccordance with
250064A) (B). and (E). shall be sized in accordance with
250,66, and shall be connected in the manner specified in
250070,

(D) Metal Underground Water Pipe. If used as a ground-
ing electrode, metal underground water pipe shall meet the
requirements of 250.53( D 1) and (DW2).

(1} Continuity. Continuity of the grounding path or the
bonding connection to interior piping shall not rely on wa-
ter meters or fillering devices and similar equipment.

{2) Supplemental Electrode Reguired. A metal onder-
ground water pipe shall be supplemented by an additional
electrode of a type specified in 250.52(AN2) through
{ANE). I the supplemental electrode is of the rod, pipe. or
plate type. it shall comply with 250.53(A). The supplemen-
tal electrode shall be bonded to one of the following:

TO-118

(1) Grounding electrode conductor

{2) Grounded service-entrance conductor
{3) Nonflexible grounded service raceway
{4} Any grounded service enclosure

(5) As provided by 250.32(B)

Exception:  The supplemenial electrode shall be permiiied
i be bonded fo the inferor melad water piping af any
canverient point as specified in 25068 CY 1), Excepiion.

{(E} Supplemental Electrode Bonding Connection Size.
Where the supplemental electrode is a rod. pipe. or plate
electrode, that portion of the bonding jumper that is the sole
connection to the supplemental grounding electrode shall
not be required to be larger than & AWG copper wire or
4 AWG aluminum wire.

{F} Ground Ring. The ground ring shall be buried al a
depth below the earth’s swrface of not less than 750 mm
{30 in.).

() Rod and Pipe Electrodes. The electrode shall be in-
stalled such that at least 2.44 m (8 ft) of length is in contact
with the soil. It shall be driven to a depth of not less than
244 m (8 ) except that, where rock botlom is encoun-
tered, the electrode shall be driven at an oblique angle not
o exceed 45 degrees from the vertical or, where rock bot-
tom is encountered at an angle up o 45 degrees. the elec-
trodde shall be permitted to be buried in a wench that is at least
750 mm (30 in.) deep. The upper end of the electrode shall be
flush with or below ground level unless the aboveground end
and the grounding electrode conductor attachment are pro-
tected against physical damage as specified in 250.10.

(H) Plate Electrode. Plate electrodes shall be installed not
lzss than 750 mm (30 in.) below the surface of the earth.

250.54 Auxiliary Grounding Electrodes. One or more
grounding electrodes shall be permitted to be connected to
the equipment grounding conductors specified in 250,118
and shall not be required o comply with the electrode
bonding requirements of 250,50 or 250.53(C) or the resis-
tance requirements of 25053(AN2) Exception, but the
earth shall not be used as an effective ground-faull current
path as specified in 250.4(AK5) and 250.4(BH4).

250.58 Common Grounding Electrode. Where an ac sys-
tem is connected to a grounding electrode in or at a build-
ing or structure, the same electrode shall be used 1o ground
conductor enclosures and equipment in or on that building or
structure. Where separate services, feeders, or branch ciicuits
supply a building and are required to be connecled to a
grounding electrode(s). the same grounding electrode(s) shall
be used.

Two or more grounding electrodes that are bonded to-
gether shall be considered as a single grounding electrode
system in this sense.
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ARTICLE 250 — GROUNDIN G AND BONDING 250.64

250,60 Use of Strike Termination Devices. Conductors
and driven pipes. rods, or plate electrodes used for ground-
ing strike termination devices shall not be used in lieu of
the grounding electrodes required by 250,50 for grounding
wiring systems and equipment. This provision shall not
prohibit the required bonding together of grounding elec-
trodes of different sy stems.

Informational Mote No. 1: See 2500106 for spacing from
strike termination devices. See 800.100(D), 8102141}, and
B0 100D for bonding of electrodes.

Informational Note No. 2: Bonding together of all sepa-
rate grounding electrodes will limit potential differences
between them and between their associated wiring systems.

250,62 Grounding Electrode Conductor Material. The
grounding electrode conductor shall be of copper. alumi-
num, copper-clad aluminum, or the items as permitted in
250.680C). The material selected shall be resistant to any
corrosive condition existing at the installation or shall be
protected against corrosion. Conductors of the wire type
shall be solid or stranded. insulated, covered. or bare.

250,64 Grounding Elecirode Conductor Installation.
Girounding electrode conductors at the service, at each build-
ing or structure where supplied by a feeder(s) or branch cir
cuit(sh, or at a separately derived system shall be installed as
specified in 250.64(A) through (F).

{A) Aluminum or Copper-Clad Aluminum Conductors.
Bare aluminum or copper-clad aluminum grounding elec-
trode conductors shall not be used where in direct contact
with masonry or the earth or where subject to corrosive
conditions. Where used outside, aluminum or copper-clad
aluminum grounding electrode conductors shall not be ter-
minated within 450 mm (18 in.) of the earth.

{B) Securing and Protection Against Physical Damage.
Where exposed. a grounding electrode conductor or its enclo-
sure shall be securely fastened 1o the surface on which it is
caried. Grounding electrode conductors shall be permitted 1o
be installed on or through framing members. A 4 AWG or
larger copper or aluminum grounding electiode conductor
shall be protected if exposed to physical damage. A 6 AWG
grounding electrode conductor that is free from exposure 1o
physical damage shall be permitied o be run along the swiace
of the building construction without metal covering or protec-
tion if it is securely fastened 1o the construction: otherwise, it
shall be protected in rigid metal conduit RMC, intermediate
metal conduit (IMC), rigid polyvinyl chloride conduit (PVC),
reinforced thermosetting resin conduit {ETRC), electrical me-
tallic twbing EMT. or cable armor. Grounding electrode con-
ductors smaller than & AWG shall be protected in (RMOC),
IMC, PVC, RTRC, (EMT). or cable armor. Grounding elec-
trode conductors and grounding electrode bonding jumpers
shall not be wequired to comply with 300.5.
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{C) Continuous. Except as provided in 250 30(AN 5) and

(AMG) 25030(BM1). and 250.68(C). grounding electrode

conductor(s) shall be installed in one continuous length

without a splice or joint. If necessary. splices or connec-
tions shall be made as permitted in (1) through {(4):

(1) Splicing of the wire-type grounding electrode conduc-
tor shall be permitted only by irreversible compression-
type connectors listed as grounding and bonding equip-
ment or by the exothermic welding process.

{2) Sections of busbars shall be permitted 1o be connected
together to form a grounding electrode conductor.

{3} Bolted. riveted. or welded connections of structural
metal frames of buildings or structures.

{4) Threaded, welded, brazed, soldered or bolted-fange
connections of metal water piping.

(D} Building or Structure with Multiple Disconnecting
Means in Separate Enclosures. For a service or feeder with
two or more disconnecting means in separate enclosures sup-
plying a building or structure, the grounding electrode connec-
tions shall be made in accordance with 250,64 DK 1), (DH2).
or (DH3).

(1) Common Grounding Electrode Conductor and Taps.
A common grounding electrode conductor and  grounding
elecirode conductor taps shall be installed. The common
grounding electrode conductor shall be sized in accordance
with 250,66, based on the sum of the circular mil area of the
largest ungrounded conductor(s) of each set of conductors that
supplies the disconnecting means. If the service-entrance con-
ductors connect directly 1o the overhead service conductors,
service drop, underground service conductors, or service lat-
eral, the commaon grounding electrode conductor shall be sized
in accordance with Table 250.66, note 1.

A grounding electrode conductor tap shall extend to the
inside of each disconnecting means enclosure. The ground-
ing electrode conductor taps shall be sized in accordance
with 250.66 for the largest service-entrance| or feeder con-
ductor serving the individual enclosure. The tap conductors
shall be connected 1o the common grounding electrode con-
ductor by one of the following methods in such a manner
that the common grounding electrode conductor remains
without a splice or joint:

(1) Exothermic welding.

{2) Connectors listed as grounding and bonding equipment.

{3} Connections 1o an aluminum or copper bushar not less
than & mm thick = 50 nun wide (%4 in. thick = 2 in. wide)
and of sufficient length to accommodate the number of
terminations necessary for the installation. The bushar
shall be securely fastened and shall be installed in an
accessible location. Connections shall be made by a listed
connector or by the exothermic welding process. IF alumi-
num bushars are used. the installation shall comply with

250,64 A
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25066 ARTICLE 250 — GROUNDING AND BONDING

(2) Individual Grounding Electrode Conductors. A

grounding electrode conductor shall be connected between

the grounding electrode system and one or more of the

following, as applicable:

{1} Grounded conductor in each service equipment discon-
necting means enclosure

{2) Equipment grounding conductor installed with the
feeder

(3) Supply-side bonding jumper

Each grounding electrode conductor shall be sized in ac-
cordance with 250066 based on the service-entrance or feader
conductor(s) supplying the individual disconnecting means.

{3) Common Location. A grounding electrode conductor
shall be connected in a wireway or other accessible enclo-
sure on the supply side of the disconnecting means o one
or more of the following, as applicable:
(1} Grounded service conductor(s)
{2y Equipment grounding conductor installed with the
feeder
(3) Supply-side bonding jumper
The connection shall be made with exothemic welding or
a connector lisied as grounding and bonding equipment. The
grounding electrode conductor shall be sized in sccordance

with 250,66 based on the service-entrance or feeder conduc-
tons) at the common location where the connection is made.

{E) Raceways and Enclosures for Grounding Electrode
Conductors.

(1) General. Ferrous metal raceways and enclosures for
grounding electrode conductors shall be electrically con-
tinuous from the point of sttachment to cabinets or equip-
ment o the grounding electrode and shall be securely fas-
tened to the ground clamp or ftting. Ferrous metal
raceways and enclosures shall be bonded at each end of the
raceway or enclosure to the grounding electrode or grounding
electrode conductor. Nonferrous metal raceways and enclo-
sures shall not be required 1o be electricall y continuous.

{2) Methods. Bonding shall be in  complisnce with
250.92(B) and ensured by one of the methods in 250.92(BN2)

thiough (BH4).

{3) Size. The bonding jumper for a grounding elecirode
conductor raceway or cable armor shall be the same size as,
or larger than, the enclosed grounding electrode conductor.

{4} Wiring Methods. If a raceway is used as protection for a
grounding electrode conductor, the installation shall comply
with the requirements of the appropriate raceway article.

{F} Installation to Electrode(s). Grounding electrode con-
ductor(s) and bonding jumpers interconnecting grounding
electrodes shall be installed in accordance with (1) (2L or

T0-12)

{3). The grounding electrode conductor shall be sized for
the largest grounding electrode conductor required among
all the electrodes connected o it.

{1} The grounding electrode conductor shall be permitted
to be run o any convenient grounding electrode avail-
able in the grounding electrode system where the other
electrode(s), if any. is connected by bonding jumpers
that are installed in sccordance with 2350.53(C).

{2} Grounding electrode conductor(s) shall be permitted to be
run o one or more grounding electrode(s) individually,
Bonding jumper(s) from grounding electrode(s) shall
be permitted to be connected to an aluminum or copper
busbar not less than 6 mm = 50 mm (4% in. = 2 in). The
bushar shall be securely fasiened and shall be installed in
an accessible location. Connections shall be made by a
listed connector or by the exothermic welding process.
The grounding electrode conductor shall be permitted 1o
be run to the bushar. Where aluminum bushars are used.
the installation shall comply with 250.64{A).

3

—

250.66 Size of Alternating-Current Grounding Elec-
trode Conductor. The size of the grounding electrode con-
ductor at the service, sl each building or structure where
supplied by a feeder(s) or branch circuit{s). or al a sepa-
rately derived system of a grounded or ungrounded ac sys-
tem shall not be less than given in Table 250,660, except as
permitted in 250.660A) through (C).

{A) Connections to a Rod, Pipe, or Plate Electrode{s).
Where the gmounding electrode conductor is connected (o
a single or multiple rod. pipe. or plate electrode(s), or any
combination thereof, as permitted in 250.52(AN5) or (ANT).
that portion of the conductor that is the sole connection Lo the
grounding electrodefs) shall not be required to be larger than
& AWG copper wire or 4 AWG aluminum wire.

(B} Connections to Concrete-Encased Electrodes. Where
the grounding electrode conductor is connected o a single
or multiple concrete-encased electrode(s) as permitted in
250 52{AN3 ). that portion of the conductor that is the sole
connection to the grounding electrode(8) shall not be re-
quired 1o be larger than 4 AWG copper wire.

{C) Connections to Ground Rings. Where the grounding
electrode conductor is connected to a ground ring as permitied
in 250.52{AM4). that portion of the conductor that is the sole
connection o the gounding electrode shall not be required 1o
be larger than the conductor used for the ground ring.

250.68 Grounding Electrode Conductor and Bonding
Jumper Connection to Grounding Electrodes. The con-
nection of a grounding electrode conductor at the service, at
each building or structure whee supplied by a feeder(s) or
branch circuitis). or at a separately derived system and asso-
ciated bonding jumper(s) shall be made as specified 250.68(A)
through {C).
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ARTICLE 250 — GROUNDIN G AND BONDING 250.70

Table 250,66 Grounding Electrode Condwctor Tor
Alternating-Current Systems

Siee o Largest Ungrounded
Service-Entrance
Conducior or Equivalent
Area for Parallel
Conductors™ (AWGkemil )

Size of Grounding Electrode
Conductor { AWG kemil)

Aluminum or Aluminum or

Copper-Clad Copper-Clad
Copper Aluminum Copper Aluminum®™
2 or smaller 1A or smaller ] f
1 or 14 200 ar 30 f 4
28 or 340 40 ar 250 4 2
Ower 380 Owver 250 2 14
through through 500
350
Ower 350 Owver 500 140 30
through through 900
Lei]
Ower 600 Orver 900 20 440
through through 1750
11{K)
Ower 1100 Ower 1750 30 250

Notes:

L I multiple sets of service-entrance conductors/connect directly o a
service drop, set of overhead service conductors, set of underground
service conducions, or service lateml, the equivalent size of the largest
seryicc-enimnce conductor shall be determined by the largest sum of
the areas of the comesponding conductors of cach set.

2. Where there are no servicc-enirance conductors, the grounding
cloctrode conductor size shall be determined by the eguivalent size of
the largest servicc-entrance comndwctor reguired for the load o be
servod.

AThis table also applics o the derived conductors of separately de-
rived ac sysiems.

BSee installation restrictions in 250,64 A).

{A) Accessibility. All mechanical elements used 1o lermi-
nate a grounding electrode conductor or bonding jumper o
a grounding electrode shall be accessible.

Excepiion No. 1: An encased or buried conneciion fo o
concrete-encased, driven, or buried grounding electrode
shall not be requived io be accessible.

Exceprion No. 2: Exothermic or irreversible compression
contections weed af ferminations, fogeiher with the me-
chanical means used to aftach such terminations fo fire-
proofed stracinral meial whether or nol the mechanical
means is reversible, shall not be required to be accessible.

{B) Effective Grounding Path. The connection of a ground-
ing electrode conductor or bonding jumper 10 a grounding

MNATIONAL ELECTRICAL OODE

electrode shall be made in a manner that will ensure an effec-
tive grounding path. Where necessary to ensure the grounding
path for a metal piping system used as a grounding electrode,
bonding shall be provided around insulated joints and aound
any equipment likely 1o be disconnected for repairs or replace-
ment. Bonding jumpers shall be of sufficient length o permit
removal of such equipment while retaining the integrity of the
grounding path.

{C) Grounding Electrode Connections. Grounding elec-
trode conductors and bonding jumpers shall be permitted to

be connected at the following locations and used to extend
the connection to an electrode(s):

(1} Interior metal water piping located not more than 1.52 m
{5 f1) from the point of entrance to the building shall be
permitted to be used as a conductor Lo interconnect elec-
trodes that are part of the gounding electrode system.

Exception: I indusieial, commme reial, and Dt intional boild-
imgs or sructures, i conditions of maintenance and suepervi-
st ¢ psnere that only gualified persons service the installafion,
interior metal water piping located maore than 152 m (5 fi)

e fhe point of enfrance fo the bailding stall be peifted as

a bonding conducior fo inferconnect elecirodes thal are pard

of ihe grounding electrode svstem, or as a gronnding elecirode

conductor i the entive lengih, otfer than short sections pass-
ing perpendicudarly through walls, floors or ceilings, of the
inferior metal waler pipe that is being used for the condueior

ix exposed

{2) The metal structural frame of a building shall be per-
mitted o be used as a conductor o interconnect elec-
trodes that are part of the grounding electrode system,
or as a grounding electrode conductor.

(3) A concrete-encased electrode of either the conductor
type, reinforcing rod or bar installed in accordance with
25052 AN3) extended from its location within the con-
crete to an accessible location above the concrete shall
be permitted.

250,70 Methods of Grounding and Bonding Conductor
Connection to Electrodes. The grounding or bonding con-
ductor shall be connected 1o the grounding electrode by
exothermic welding, listed lugs, listed pressure connectors,
listed clamps, or other listed means. Connections depend-
ing on solder shall not be used. Ground clamps shall be
listed for the materials of the grounding electrode and the
grounding electrode conductor and, where used on pipe,
rovd, or other buried electrodes. shall also be listed for direct
soil burial or concrete encasement. Not more than one con-
ductor shall be connected 1o the grounding electrode by a
single clamp or fitting unless the clamp or fitting is listed
for multiple conductors. One of the following methods
shall be used:

(1) A pipe fitting. pipe plug. or other approved device

screwed into a pipe or pipe fitting
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250,80 ARTICLE 250 — GROUNDING AND BONDING

{2} A listed bolted clamp of cast bronze or brass, or plain
or malleable iron

{3) For indoor communications purposes only, a listed sheet
metal strap-type ground clamp having a rigid metal base
that seats on the electrode and having a strap of such
material and dimensions that it is not likely 1o steich
during or after installation

{4} An equally substantial approved means

IV, Enclosure, Raceway, and Service Cable
Connections

250,80 Service Raceways and Enclosures. Metal enclo-
sures and raceways for service conductors and equipment
shall be connected 1o the grounded system conductor if the
electrical system is grounded or 1o the grounding electrode
conductor for electrical systems that are not grounded.

Exceprion: A meial efbow that is installed in an undergrond
novmetallic raceway and 5 Bodated from possible contact by
a pidreimin cover of 450 mm (18 i) o any part of the ellow
stall ot be reguired o be connecied fo the grounded syatem
cotcdictor or grounding electrode cordioe tor

250.84 Underground Service Cable or Raceway.

{A) Underground Service Cable. The sheath or armor of
a continuous underground metal-sheathed or armored ser
vice cable system that is connected 1o the grounded system
conductor on the supply side shall not be required 1o be
connected to the grounded system conductor at the building
or structure. The sheath or armor shall be permitied o be
insulated from the interior metal raceway or piping.

{B) Underground Service Raceway Containing Cahble.
An underground metal service raceway thal contains a
metal-sheathed or armored cable connected 1o the grounded
system conductor shall not be required to be connected 1o
the grounded system conductor at the building or structure.
The sheath or armor shall be permitted to be insulated from
the interior metal raceway or piping.

250,86 Other Conductor Enclosures and Raceways, Ex-
cept as permitted by 250.112(1), metal enclosures and race-
ways for other than service conductors shall be connected
to the equipment grounding conductor.

Exceprion No. 1@ Metal enclosures and raceways for con-
ductors added fo existing installations of open wire, knob-
and-tube wiring, and nonmelallic-sheathed cable shall mob
be reguived to be connected fo the equipment grounding
conductor where these enclosures or wiring methods com-
pdvowith (1) through (41 as follows:

() Do omot provide an ¢guipment grodd

T0-122

(20 Are in runs of less than 7.5 m (25 fi)

(3} Awe free from probable comtact with gronnd, growsded
metal meial lath, or other condiciive mate rial

(4} Are guarded against confact by persons

Exception Noo 20 Short sections of metal enclosures or
raceways nsed fo provide support or profection of cable
aszemblies from physical damage shall not be required to
be connecied to the equipment gronnding conductor

Exception No. 30 A metal elbow shall not be reguired fo be
coftfiecied fo the eguipmient grounding comdiclor where it
ix installed in a run of nonmeiallic raceway and {5 isolafed

Sfrom possible contact by a minimum cover of 4300 mm

(I8 i ) to any part of the elbow or is encased in not less
ther S0 mm (2 i) of corereie.

V. Bonding

250,90 General. Bonding shall be provided where neces-
sary Lo ensure electrical continuity and the capacity to con-
duct safely any faolt current likely to be imposed.

250,92 Services.

{A) Bonding of Eguipment for Services. The normally
non—current-carry ing metal parls of equipment indicated in
250.92(AN1 )y and (AN 2) shall be bonded together.

(1) All raceways. cable trays. cablebus framework, auxil-
lary gutters, or service cable armor or sheath that en-
close, contain., or support service conductors, except as
permitied in 25080

{2} All enclosures containing service conductors, including
meter fittings, boxes, or the like, interposed in the ser-
vice raceway or armor

(B} Method of Bonding at the Service. Bonding jumpers
meeting the requirements of this article shall be used around
impaired connections, such as reducing washers or oversized,
concentric, or ecoentric knockouts. Standard locknuts or bush-
ings shall not be the only means for the bonding required by
this section but shall be permitted to be installed to make a
mechanical connection of the raceway(s).

Electrical continuity at service equipment, service race-
ways, and service conductor enclosures shall be ensured by
one of the following methods:

(1) Bonding equipment to the grounded service conductor

in a manner provided in 250.8
{2} Connections wtilizing threaded couplings or threaded

hubs on enclosures if made up wrenchtight
{3) Threadless couplings and connectors if 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

NATIONAL ELECTRICAL CODE 2014 Edition E
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ARTICLE 250 — GROUNDIN G AND BONDING 25097

250.94 Bonding for Other Systems. An intersystem bond-
ing termination for connecting intersystem bonding con-
ductors required for other systems shall be provided exter-
nal to enclosures at the service equipment or melering
equipment enclosure and at the disconnecting means for
any additional buildings or structures. The intersystem
bonding termination shall comply with the following:

{1} Be sccessible for connection and inspection.

{2) Consist of a set of terminals with the capacity for con-
nection of not less than three intersystem bonding con-
ductors.

{3) Mot interfere with opening the enclosure for a service,
building or structure disconnecting means, or metering
equipment.

{4) At the service equipment, be securely mounted and
electrically connected to an enclosure for the service
equipment, 1o the meter enclosure, or 1o an exposed
nonflexible metallic service raceway. or be mounted at
one of these enclosures and be connected to the enclo-
sure or to the grounding electrode conductor with a
minimum & AWG copper conductor

{5} At the disconnecting means for a building or structure,
be securely mounted and electrically connected 1o the
metallic enclosure for the building or structure discon-
necting means, or be mounted at the disconnecting
means and be connected o the metallic enclosure or to
the grounding electrode conductor with a minimum
& AWG copper conductor.

{6) The terminals shall be listed as grounding and bonding
equipment.

Exceprion:  In existing buildings or stricires where any
af the intersysiem bonding and grounding electrode con-
ductors  reguired by TTOIONEBNZ), 800 T BN2 )
SI20(FK2), B20.000(BN2). and 830.100(BN2) exist,
installation of the intersvstem bonding termination s not
regquired An accessible means external to enclosures for
connecting intersysiem bonding and grounding electrode
conductors shall be permitted at the service eguipment
and ab the disconnecting means for any additional build-
ings or structieres by at least one of the following means:

(1) Exposed nonflexible metallic raceways

{20 An exposed grounding electrode conductor

{3 Approved means for the extemal connection of a copper
ar aher corrosion-resistant bonding or grousding elec-
trowde conducior fo the grounded raceway or eguipment

Informmational Note No. 1: - A6 AWG copper conductor with
e end bonded 0 the grounded nonflexible metallic raoeway
ar equipment and with 150 mm (6 in.) or more of the other
end made accessible an the outside wall is an example af the
approved means covered in 25094, Exception itemn (3).

Informational Note No. 2: See 7700100, 800,100, 810.21,
B20.100, and 830,100 for intersystem bonding and ground-

MATIONAL ELECTRICAL CODE

ing requirements for condoctive optical fiber cables, com-
munications  circuits, radio and  television  equipment,
CATV circuits and network-powered broadband communi-
cations systems, respectively.

2509 Bonding Other Enclosures.

(A} General. Metal raceways, cable ways, cable armor,
cable sheath. enclosures, frames, fittings, and other metal
non-current-carrying parts that are to serve as equipment
grounding conductors, with or without the use of supple-
mentary equipment grounding conductors, shall be bonded
where necessary 1o ensure electrical continuity and the ca-
pacity to conduct safely any fault current likely o be im-
posed on them. Any nonconductive paint. enamel, or simi-
lar coating shall be removed at threads, contact points, and
contact surfaces or be connected by means of fitings de-
signed so as to make such removal unnecessary.

(B} Isolated Grounding Circuits. Where installed for the
reduction of electrical noise (eleciromagnetic 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 meeway fittings located at the
point of attachment of the raceway to the equipment enclo-
sure. 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(0) 1o ground the equipment enclosure.

Informational Note:  Use of an isolated equipment ground-

ing conductar does not relieve the requirement for ground-

ing the raceway system.

25097 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 (BW1).

Exception: Where oversized, concenivic, or ecoentric knock-
outs are not encountered, or where a box or enclosire with
concentric or eorentric knockouts is listed to provide a
reliable bonding connection, the following methods shall
be perniitted:

Threadless couplings and connectors for cables with

(1) metal sheaths

(20 Twe leckms, on rigid metal conduit or intermediate
metal condidl, ore inside and one owside of boxes and
cabinets

{3 ) Fittings with shoudders that sear firmly against the box or
cabinet, such as electrical metallic fubing conneciors,
Mexitde metal conduit connectors, and cable connectors,
with ore lockniut on the inside of boxes and cabinets

{4) Listed fitings

TO-123
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