






250.184 ARTICLE 250 - GROUNDING AND BONDING 

grounding electrode conductor connection shall be to the 
metal enclosure at any point on the separately derived sys­
tem from the source to the first system disconnecting means 
or overcurrent device, or it shall be made at the source of a 
separately derived system that has no disconnecting means 
or overcurrent devices. 

The size of the grounding electrode conductor shall be 
in accordance with 250.166. 

IX. Instruments, Meters, and Relays 

250.170 Instrument Transformer Circuits. Secondary 
circuits of current and potential instrument transformers 
shall be grounded where the primary windings are con­
nected to circuits of 300 volts or more to ground and, where 
on switchboards, shall be grounded irrespective of voltage. 

Exception No.1: Circuits where the primary windings are 
connected to circuits of less than WOO volts with no live 
parts or wiring exposed or accessible to other than quali­
fied persons. 

Exception No.2: eUm!nt:. ttarJ9!Q." ·$~I.~~Il'ie~li!itert.. 
ne"Ctedin athree~phase delta.ciii!JJj8_tiiiijii:,~~:,:'_:'i:'~ 

required to /Jegrounded. 

250.172 Instrument Transformer Cases. Cases or frames 
of instrument transformers shall be c~P:Dec~.;tb!!!.l:p., 

~p,t:.~n~_CQnductor where accessible to other than 
qualified persons. 

Exception: eases or frames of current transformers, the 
primaries of which are not over 150 volts to ground and 
that are used exclusively to supply current to meters. 

250.174 Cases of Instruments, Meters, and Relays Op­
erating at Less Than 1000 Volts. Instruments, meters, and 
relays operating with windings or working parts at less than 
1000 volts shall be c~~.tq:.ll¢tlliqj,P~Qt.Y~I1~. 
cbnauc::Wt' as specified in 250.174(A), (B), or (C). 

(A) Not on Switchboards. Instruments, meters, and relays 
not located on switchboards, operating with windings or 
working parts at 300 volts or more to ground, and acces­
sible to other than qualified persons, shall have the cases 
and other exposed metal parts CQl~~d Il.:.'ie!4$1~iP~~ 

gOJ)undingconauctt>t. 

(B) On Dead-Front Switchboards. Instruments, meters, 
and relays (whether operated from current and potential trans­
formers or connected directly in the circuit) on switchboards 
having no live parts on the front of the panels shall have the 
cases ~·:.:.;~;~:.*i.pme~~gc~~1 

(C) On Live-Front Switchboards. Instruments, meters, 
and relays (whether operated from current and potential 
transformers or connected directly in the circuit) on switch­
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boards having exposed live parts on the front of panels 
shall not have their cases c~~t9:.theeqmpment 

~tlip,,~~_tpr. Mats of insulating rubber or other 
suitable floor insulation shall be provided for the operator 
where the voltage to ground exceeds 150. 

250.176 Cases of Instruments, Meters, and Relays ­
Operating Voltage 1 kV and Over. Where instruments, 
meters, and relays have current-carrying parts of I kV and 
over to ground, they shall be isolated by elevation or pro­
tected by suitable barriers, grounded metal, or insulating 
covers or guards. Their cases shall not be connected to the 
.iP8t·ititl1~g:'i~. 

Exception: Cases of electrostatic ground detectors where 
the internal ground segments of the instrument are con­
nected to the instrument case and grounded and the ground 
detector is isolated by elevation. 

250.178 Instrument Grounding Conductor. The ~uip­_t grounding conductor for secondary circuits of instru­
ment transformers and for instrument cases shall not be 
smaller than 12 AWG copper or 10 AWG aluminum. Cases 
of instrument transformers, instruments, meters, and relays 
that are mounted directly on grounded metal surfaces of 
enclosures or grounded metal switchboard panels shall be 
considered to be grounded, and no additional eqUipment 
grounding conductor shall be required. 

X.	 Grounding of Systems and Circuits of 1 kV and 
Over (High Voltage) 

250.180 General. Where high-voltage systems are 
grounded, they shall comply with all applicable provisions 
of the preceding sections of this article and with 250.182 
through 250.190, which supplement and modify the preced­
ing sections. 

250.182 Derived Neutral Systems. A system neutral point 
derived from a grounding transformer shall be permitted to 
be used for grounding high-voltage systems. 

250.184 Solidly Grounded Neutral Systems. Solidly 
grounded neutral systems shall be permitted to be either 
single point grounded or multigrounded neutral. 

(A) Neutral Conductor. 

(1) Insulation Level. The minimum insulation level for neu­
tral conductors of solidly grounded systems shall be 600 volts. 

Exception No.1: Bare copper conductors shall be permit 
ted to be used for the neutral conductor of the following: 

( 1)	 ~etvice·entrance "Conductots 

(2)	 Service laterals 
(3) Direct"buried portions offeeders. 

70-121 



250.186 ARTICLE 250 - GROUNDING AND BONDING 

Exception No.2: Bare conductors shall be permitted for 
the neutral tftl1JauctiJtoj overhead portions installed 
outdoors. 

Exception No.3: The g~~d ~fI,tr<tt 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 33 113 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 ~lIMI System. Where a 
single-point grounded neutral system is used, the following 
shall apply: 

(l)	 A single-point grounded ~ 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 cOtl,d\,lctor at the source of the 
single-point grounded ~Olutral 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 c()n:d~~. 

(4)	 A bonding jumper shall connect the equipment ground­
ing conductor to the grounding electrode conductor. 

(5)	 An equipment _ufiding conductor shall be provided 
to each building, structure, and equipment enclosure. 

(6)	 A neutral cQIlductot shall only be required where 
phase-to-neutral loads are supplied. 

(7)	 The neutral cotJ.dnctQr, 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: 

(I)	 The neutral conductot 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 

b.	 Underground circuits where the neutral conductor 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 ~~i:lit\g 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 (0). 

(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 (i]!6.~~W" Connection. The system 
neutral 'tQPd'LJetOr 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 _.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) 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. 

_lJi.ut 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 o~~::~&:111~ 

• 

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 smsters shall 
g.t:wt~ar28G.~KA) and (B). 

(.2) 

(B) Silicon Carbide Types. The rating of a silicon 
carbide-type surge arrester shall be not less than 125 per­
cent of the rat:~ng.speci~l.UI·~I~.·t(A~). 

FPN No.1: For further information on surge arresters, see 
ANSIlIEEE C62.11-~, Standard for Metal-Oxide Surge 
Arresters for Alternating-Current Power Circuits €:)i!~:::-i~1; 
and ANSIIIEEE C62.22-1997, Guide for the Application 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. 

_.5 Listing. A surge arrester sball1aea listed devi<:e. 
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280.11 ARTICLE 285 - SURGE-PROTECTIVE DEVICES (SPDs), I 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 C~c­
tors. The conductor used to connect the surge arrester to 
line, bus, or equipment and toa grounding conductor~oon­
nection, point as provided in 28p.,21 shall not be any longer 
than necessary and shall avoid unnecessary bends. 

III. Connecting Surge Arresters 

280.21 Ocn...etiort. 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 S~,:~_Mf«e_~. 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 Intlft~nectln •• 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) Add~~ftaliH~,o~i:~. 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 (ij~~ and 
not fewer than four such connections in each mile of neu­
tral GoqU'¢tor, the metallic interconnection shall be permit­
ted to be made to the secondary neutral cl,')ndu~t9r with 
omission of the direct grounding connection at the surge 
arrester. 

(2) M~ N;w,ttal' S~"me~~...... The 
grounded conductor of the secondary system is a part of a 
m;U[tiglfl';:l~ neutral system or static wire of which the 
primary neutral qondilctor or static wire has at least four 
~l)n<Qg1 connections in each mile of line in addition to a 
groU.ng~~~tion 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)(l) or (B)(2): 

(1) ~~N'it)~:;i~Di.p.n~!~;,SY~.For 
ungrounded or unigrounded primary 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 kY, 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) Ml~i!rN;~tI'ali~III":lyst~,fJ1.For multi­
grounded neutral primary systems, the spark gap or listed 
device shall have a 60-Hz breakdown of not more than 3 kY, 
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. 

(C) By Special Permission. An interconnection of the 
surge-arrester ground and the secondary neutral c~ 

other than as provided in 280.24(A) or (B), shall be permit­
ted to be made only by special permission. 

280.25 Grounding C:::9ndH~~ .. Eado­
S¥~. Except as indicated in this article, surge-arrester 
grounding connections shall be made as speci­
fied in Article 250, Part$ mandX~(JtQPt1diIigf»Dductors 

in~edin "metal".esclosUlJ,',s:sball ~rnp1Y·Wii:l;l:250.f)4(E). 

I. General 

285.1 Scope. This article covers general requirements, in­
stallation requirements, and connection requirements for 
SPDSf$UTge 'afi'e$tet'S j;$d ~sientV'ol'tage· sutg~ suppres­

permanently installed on premises wiring 
systems 1· i.\?'or ,leSS. 

1:W1'I,NliU:..~ur~e~tersless than 1 ltV are also known 
aS~'ISPDs. 

~NN9:.2r Jransi~t·volta~ surge suppressors (l'VSSs) 
~ also known as Type 2 and Type 3 SPDs. 

• 
285.3 Uses Not Permitted. An SPD(surge arrester or 
TVliS) device shall not be installed in the following: 
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ARTICLE 2HS - SURGE-PROTECTIVE DEVICES (SPDs), I kV OR LESS	 28S.28 

(I)	 Circuits exceeding 1 kV 

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

(3) Where the rating of the SfD (Spi78e~~~fpr ·iJ0Y'.~S·~ 

is less than the maximum continuous phase-to-ground 
power frequency voltage available at the point of 
application 

FPN: For further information on SPPsy,(~S~S), see 
NEMA LS 1-1992, Standard for Low Voltage Surge Sup­
pression Devices. The selection of a properly rated SPi! 
('f¥'S.~) is based on criteria such as maximum continuous 
operating voltage. the magnitude and duration of overvolt­
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 SPQi(sillJ'g~y~i'.Pt.~S>shall be connected 
to each ungrounded conductor. 

285.5 Listing. An SP};) (s.l.k'ge arrester or TVSS) shall be a 
listed device. 

285.6 Short-Circuit Current Rating. The SPD. (s\B'8i~~. 

res~t()t,3'VSS) 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. 

II. Installation 

285.11 Location. SP~.(s:urg¢~$~oJtYgJS$$)shall be 
permitted to be located indoors or outdoors and shall be 
made inaccessible to unqualified persons, unless listed for 
installation in accessible locations. 

285.12 Routing of Connections. The conductors used to 
connect the SPlJ).(S:!1tg~~,.ot.~SS) 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.' at'[e~ter or 
TVSS) device is installed, it shall comply with 285.43 
through 285,28. 

185~ l'ype 1 S~· (SW1Je.Ar:~rs~. Type 1.. SlOs 
shall beinstaUed in ~.ilhce with 285.23(1\.) ~(B). 

(A) lQstaDatlon. Type 1 SpDs (surge a:rre~tetsrshillbe 

inStalled as follows: 
(1)	 1YPe 1 SPOs (surge arresters) shall be permitted to be 

connected to the supply side of the service disc0o:ne¢t 
as permitted in 230.82(4). or 
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(2) '!Ype.l SPDs (surge arresters) shall be pennitted to be 
connectoo.JS;;$p¢Cified in 285.24. 

(B) At tb~ .Se~C4l. When installed at services, the ground­
ing:eonductot ofa 1)rpe 1 sppr~1 be connected to one of 
the 101Jo:\ving: 
(1)	 ~. service conductor 
(2)	 Growtding electrode conductor 
(3)	 Gtoun~ng electrode for the setitice 

(4)	 EqlUpment grounding terminal in the service 
equipment 

285.24 ~~.SPl>s.(fV~). 1}'pe 2 SPDs (TVSSs~ shall 
be ~ inaceordanceWitb 285.24(}\) lbrougb (e). 

(~) Service-Supplied Building or Structure. ~'2 

~mijI;ii(~JJ:') shall be connected atl~. 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. 'JYpe 2 SPI)s 
(1VSSs) shall be connected at the. bUilding or .structure 
anywhct'e on the load side of the first overcurrent device at 
the building or structure. 

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

18$.25 'I}'pe" 3 SPI)s. lYpe 3 SPDs {T:VSSs)sbalJ;be per­
mittedtobe ijistat1ed' auyWliereon the load Side ofbranch­
ciroUit overcut'rtlnt proteGtiOD·~p to theequiptnent served, 
provi~ the connection isa .minimum 10 m (30 ft) of 
~tot di$~e from the service or separately derived 
syQm. Qi8(;onnect. 

~~J Conductor Size. Line and grou.nding conductors 
shall not be smaller than 14 AWG copper or 12 AWG 
aluminum. 

• ~~'.l Connection Between Conductors. An.~Ji)(sutge 

~.¢t·iii~:OOJSS) 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 5\PlJ)\(~e 

~t~,oJt.~S5\)during a surge. 

18,5~2B GJ,'Ounding CQD4txWr Conaeetions atld Enelo­
sates. Except as indicated)nthis artiCle, SPO~grounding 

connections shall be.made as s~tied in Article 250. Part 
m~ Orounding conductors installed in' metat ,enclosures 
shall comply with 250.64{B}. 
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