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ARTICLE 250 — GROUNDING AND BONDING

250.68

lation 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), (2), or

(3). The grounding electrode conductor shall be sized for

the largest grounding electrode conductor required among

all the electrodes connected to it.

(1} The grounding electrode conductor shall be permitted
to be run to 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 accordance with 250.53(C).

(2) Grounding electrode conductor(s) shall be permitted to be
run o one or more grounding electrode(s) individually,

(3) Bonding jumper(s) from grounding electrode(s) shall
be permitted to be connected to an aluminum or copper
busbar not less than 6 mm x 50 mm (% in. x 2 in.). The
busbar 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.
The grounding electrode conductor shall be permitted to
be run to the busbar. Where aluminum busbars are used,
the installation shall comply with 250.64(A).

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

Informational Note: See 250.24(C) for size of ac system
conductor brought to service equipment.

(A) Connections to Rod, Pipe, or Plate Electrodes.
Where the grounding electrode conductor is connected to
rod, pipe, or plate electrodes as permitted in 250.52(A)}5)
or (A)(7), that portion of the conductor that is the sole connec-
tion to the grounding electrode shall not be required to be
larger than 6 AWG copper wire or 4 AWG aluminum wire.

(B) Connections to Concrete-Encased Electrodes.
Where the grounding electrode conductor is connected to a
concrete-encased electrode as permitted in 250.52(A)(3),
that portion of the conductor that is the sole connection to
the grounding electrode shall not be required to be larger
than 4 AWG copper wire.

(C)y Connections to Ground Rings, Where the grounding
electrode conductor is connected to a ground ring as permitted
in 250.52(A)(4), that portion of the conductor that is the sole
connection to the grounding electrode shall not be required to
be larger than the conductor used for the ground ring.
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Table 250.66 Grounding Electrode Conductor for
Alternating-Current Systems

Service-Entrance

Size of Largest Ungrounded @
Conductor or Equivalent

Area for Parallel Size of Grounding Electrode
Conductors® (AWG/kemil) Conductor (AWG/kemil)
Aluminum or Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper Alumimm®
2 or smaller  1/0 or smaller 8 6
1 or 1/0 2/0 or 3/0 6 4
2/0 or 3/0 4/0 or 250 4 2
Over 3/0 Over 250 2 1/0
through through 500
350
Over 350 Over 500 1/0 3/0
through through 900
600
Over 600 Over 900 2/0 4/0
through through 1750
1100
Over 1100 Over 1750 3/0 250
Notes:

1. Where multiple sets of service-entrance conductors are used as
permitted in 230.40, Exception No. 2, the equivalent size of the larg-
est service-entrance conductor shall be determined by the largest sum
of the areas of the corresponding conductors of each set.

2. Where there are no service-enirance conductors, the grounding
electrode conductor size shall be determined by the equivalent size of
the largest service-entrance conductor required for the load to be
served.

“This table also applics to the derived conductors of separately de-
rived ac systems.

bSee installation restrictions in 250.64(A).

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 where supplied by a feeder(s) or
branch circuit(s), or at a separately derived system and as-
sociated bonding jumper(s) shall be made as specified
250.68(A) through (C).

(A) Accessibility. All mechanical elements used to termi-
nate a grounding electrode conductor or bonding jumper to
a grounding electrode shall be accessible.

Exception No. 1: An encased or buried connection to a
concrete-encased, driven, or buried grounding electrode
shall not be required to be accessible.
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ARTICLE 250 — GROUNDING AND BONDING

250,134

Table 250.122 Minimum Size Equipment Grounding
Conductors for Grounding Raceway and Equipment

Rating or Setting of )
Automatic Overcurrent Size (AWG or kcmil)
Device in Circuit Ahead
of Equipment, Conduit, Py

etc,, Not Exceeding Copper-Clad

(Amperes) Copper Aluminum*

15 14 12
20 12 10
60 10 8
100 8 6
200 6 4
300 4 2
400 3 1
500 2 10
600 1 20
800 1/0 30
1000 2/0 40
1200 3/0 250
g 4/0 350
2000 250 400
2500 350 600
3000 400 ks
44K 500 750
5000 700 1200
6000 800 1200

Note: Where necessary to comply with 250.4{A)(5) or (B)(4), the
equipment grounding conductor shall be sized larger than given in this
table.

*See installation restrictions in 250.120.

(1) A green, not readily removable terminal screw with a
hexagonal head.

(2) A green, hexagonal, not readily removable terminal nut.

(3) A green pressure wire connector. If the terminal for the
grounding conductor is not visible, the conductor entrance
hole shall be marked with the word green or ground, the
letters G or GR, a grounding symbol, or otherwise identi-
fied by a distinctive green color. If the terminal for the
equipment grounding conductor is readily removable, the
area adjacent to the terminal shall be similarly marked.

Informational Note: See Informational Note Figure 250.126.

@

Informational Note Figure 250.126 One Example of a Symbol
Used to Identify the Grounding Termination Point for an
Equipment Grounding Conductor.

NATIONAL ELECTRICAL CODE

VII. Methods of Equipment Grounding

,130 Equipment Grounding Conductor Connections.

ipment grounding conductor connections at the source
of separately derived systems shall be made in accordance
with 250.30(A)(1). Equipment grounding conductor con-
nections at service equipment shall be made as indicated in
250.130(A) or (B). For replacement of non—grounding-type
receptacles with grounding-type receptacles and for branch-
circuit extensions only in existing installations that do not
have an equipment grounding conductor in the branch circuit,
connections shall be permitted as indicated in 250.130(C).

(A) For Grounded Systems. The connection shall be
made by bonding the equipment grounding conductor to
the grounded service conductor and the grounding elec-
trode conductor.

(B) For Ungrounded Systems. The connection shall be
made by bonding the equipment grounding conductor to the
grounding electrode conductor.

(C) Nongrounding Receptacle Replacement or Branch

Circunit Extensions. The equipment grounding conductor

of a grounding-type receptacle or a branch-circuit extension

shall be permitted to be connected to any of the following:

(1) Any accessible point on the grounding electrode sys-
tem as described in 250.50

(2) Any accessible point on the grounding electrode con-
ductor

(3) The equipment grounding terminal bar within the en-
closure where the branch circuit for the receptacle or
branch circuit originates

(4) For grounded systems, the grounded service conductor
within the service equipment enclosure

(5) For ungrounded systems, the grounding terminal ba
within the service equipment enclosure

Informational Note: See 406.4(D) for the use of a ground-
fault circuit-interrupting type of receptacle.

250.132 Short Sections of Raceway. Isolated sections ¢’
metal raceway or cable armor, where required to be groundec .
shall be connected to an equipment grounding conductor in
accordance with 250.134.

250.134 Equipment Fastened in Place or Connected by
Permanent Wiring Methods (Fixed) — Grounding. Un-
less grounded by connection to the grounded circuit con-
ductor as permitted by 250.32, 250.140, and 250.142, non—
current-carrying metal parts of equipment, raceways, and
other enclosures, if grounded, shall be connected to an
equipment grounding conductor by one of the methods
specified in 250.134(A) or (B).
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310.15

ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING

Table 310.15(B)(16) (formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000

Volts, 60°C Through 90°C (140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, Cable, or
Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)*

Temperature Rating of Conductor [See Table 310.104(A).]

60°C
60°C (140°F) 75°C (167°F) 90°C (194°F) (140°F) 75°C (167°F) 90°C (194°F)
Types TBS, SA,
SIS, FEP,
FEPB, MI,
RHH, RHW-2, Types TBS, SA,
THHN, THHW, SIS, THHN,
THW-2, THHW, THW-2,
Types RHW, THWN-2, Types RHW, |THWN-2, RHH,
THHW, THW, | USE-2, XHH, THHW, THW, | RHW-2, USE-2,
Size AWG or THWN, XHHW, XHHW, Types TW, | THWN, XHHW,| XHH, XHHW,
kemil Types TW, UF USE, ZW XHHW-2, ZW-2 UF USE XHHW-2, ZW-2
ALUMINUM OR COPPER-CLAD
COPPER ALUMINUM Size AWG or kemil
18 — — 14 — — — —
16 — — 18 — — — —
1433 15 20 25 — — — —
1235 20 25 30 15 20 25 127
10%:# 30 35 40 25 30 35 10%:#
8 40 50 55 35 40 45 8
6 55 65 75 40 50 55 6
4 70 85 95 55 65 75 4
3 85 100 115 65 75 85 3
2 95 115 130 75 90 100 2
1 110 130 145 85 100 115 1
1/0 125 150 170 100 120 135 1/0
2/0 145 175 195 115 135 150 2/0
3/0 165 200 225 130 155 175 3/0
4/0 195 230 260 150 180 205 4/0
250 215 255 290 170 205 230 250
300 240 285 320 195 230 260 300
350 260 310 350 210 250 280 350
400 280 335 380 225 270 305 400
500 320 380 430 260 310 350 500
600 350 420 475 285 340 385 600
700 385 460 520 315 375 425 700
750 400 475 535 320 385 435 750
800 410 490 555 330 395 445 800
900 435 520 585 355 425 480 900
1000 455 545 615 375 445 500 1000
1250 495 590 665 405 485 545 1250
1500 525 625 705 435 520 585 1500
1750 545 650 735 455 545 615 1750
2000 555 665 750 470 560 630 2000

*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F).
**Refer to 240.4(D) for conductor overcurrent protection limitations.
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310.15

ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING

Table 310.15(B)(3)(a) Adjustment Factors for More Than
Three Current-Carrying Conductors in a Raceway or Cable

Percent of Values in

Table 310.15(B)(16) through
Table 310.15(B)(19) as
Number of Adjusted for Ambient
Conductors® Temperature if Necessary

46 80
7-9 70
10-20 50
21-30 45
3140 40
41 and above 35

raceways exposed to direct sunlight on or above rooftops,
the adjustments shown in Table 310.15(B)(3)(c) shall be
added to the outdoor temperature to determine the appli-
cable ambient temperature for application of the correction
factors in Table 310.15(B)(2)(a} or Table 310.15(B)}(2)(b).

Informational Note: One source for the average ambient
temperatures in various locations is the ASHRAE Hand-
book — Fundamentals.

Table 310.15(B)(3)(c) Ambient Temperature Adjustment for
Circular Raceways Exposed to Sunlight on or Above
Rooftops

'Number of conductors is the total number of conductors in the race-
way or cable adjusted in accordance with 310.15(B)(5) and (6).

Informational Note No. 2: See 366.23(A) for adjustment
factors for conductors in sheet metal apxiliary gutters and
376.22(B) for adjustment factors for conductors in metal
wireways.

(1) Where conductors are installed in cable trays, the

provisions of 392.80 shall apply.

(2) Adjustment factors shall not apply to conductors

in raceways having a length not exceeding
600 mm (24 in.).

(3) Adjustment factors shall not apply to underground
conductors entering or leaving an outdoor trench if those
conductors have physical protection in the form of rigid
metal conduit, intermediate metal conduit, rigid polyvinyl
chloride conduit (PVC), or reinforced thermosetting resin
conduit (RTRC) having a length not exceeding 3.05 m
(10 ft), and if the number of conductors does not exceed
four.

(4) Adjustment factors shall not apply to Type AC
cable or to Type MC cable under the following conditions:

a. The cables do not have an overall outer jacket.

b. Each cable has not more than three current-carrying
conductors.

c. The conductors are 12 AWG copper.

d. Not more than 20 current-carrying conductors are in-
stalled without maintaining spacing, are stacked, or are
supported on“bridle rings.”

(5) An adjustment factor of 60 percent shall be applied
to Type AC cable or Type MC cable under the following
conditions:

a. The cables do not have an overall outer jacket.

b. The number of current carrying conductors exceeds 20.

c. The cables are stacked or bundled longer that 600 mm
(24 in) without spacing being maintained.

(b) More Than One Conduit, Tube, or Raceway. Spacing
between conduits, tubing, or raceways shall be maintained.

(c) Circular Raceways Exposed to Sunlight on Roof-
tops. Where conductors or cables are installed in circular

70-152

Temperature Adder
Distance Above Roof to Bottom of
Conduit °C °F
0-13 mm (14 in.) 33 60
Above 13 mm (% in,)-90 mm (3%2 in.) 22 40
Above 90 mm (3% in.}-300 mm 17 30
(12 in.)
Above 300 mm (12 in.}-900 mm 14 25
(36 in.)

Informational Note to Table 310.15(B)(3){c}: The temperature
adders in Table 310.15(B)(3)(c) are based on the results of
averaging the ambient temperatures.

(4) Bare or Covered Conductors. Where bare or covered
conductors are installed with insulated conductors, the tem-
perature rating of the bare or covered conductor shall be
equal to the lowest temperature rating of the insulated con-
ductors for the purpose of determining ampacity.

{5) Neutral Conductor.

(a) A neutral conductor that carries only the unbalanced
current from other conductors of the same circuit shall not be
required to be counted when applying the provisions of
310.15(B)(3)(a).

(b} In a 3-wire circuit consisting of two phase conductors
and the neutral conductor of a 4-wire, 3-phase, wye-connected
gystem, a common conductor carries approximately the same
current as the line-to-neutral load currents of the other conduc-
tors and shall be counted when applying the provisions of
310.15(B)(3)(a).

(c) On a 4-wire, 3-phase wye circuit where the major
pottion of the load consists of nonlinear loads, harmonic cur-
rents are present in the neutral conductor; the neutral conduc-
tor shall therefore be considered a current-carrying conductor.

(6) Grounding or Bonding Conductor. A grounding or
bonding conductor shall not be counted when applying the
provisions of 310.15(B)3)(a).
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Annex C: Tables INFORMATIVE ANNEX C

Table C.1 Confinued

CONDUCTORS
C°“s':;‘e°“" Metric Designator (Trade Size)
(AWG 16 21 27 35 41 53 63 78 91 103
Type kemil) () () (1) %) (1% (2 (%) 3 (3% @
RHH*, 6 1 3 4 8 11 18 32 48 63 81
RHW*, 4 1 1 3 6 8 13 24 36 47 60
RHW-2%, 3 1 1 3 5 7 12 20 31 40 52
TW, 2 1 1 2 4 6 10 17 26 34 a4
% 1 1 1 1 3 4 7 12 18 24 31
THW.2 170 0 1 1 2 3 3 10 16 20 26
20 0 1 1 1 3 5 9 13 17 22
3/0 0 1 1 1 2 4 7 11 15 19
40 0 0 1 1 1 3 6 9 12 16
250 ) ) 1 1 1 3 5 7 10 13
300 0 0 1 1 1 2 4 6 8 11
350 0 0 0 1 1 1 4 6 7 10
400 0 0 0 1 1 1 3 5 7 9
500 0 0 0 1 1 1 3 4 6 7
600 ) ) 0 1 1 1 2 3 4 6
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 3 5
900 0 0 0 0 0 1 1 2 3 4
1000 0 0 ) 0 0 1 1 2 3 4
1250 0 0 o 0 0 1 1 1 2 3
1500 0 0 )] 0 0 1 1 1 1 2
1750 0 0 o 0 0 o 1 1 1 2
2000 0 0 0 0 0 0 1 1 1 1
THHN, 14 12 2 35 61 84 138 241 364 476 608
THWN, 12 9 16 26 45 61 101 176 266 347 443
THWN-2 10 5 10 16 28 38 63 111 167 219 279
g 3 6 9 16 22 36 64 96 126 161
6 2 4 7 12 16 26 46 69 91 116
4 1 2 4 7 10 16 28 43 56 71
3 1 1 3 6 8 13 24 36 47 60
2 1 1 3 5 7 1 20 30 40 51
1 1 1 1 4 5 8 15 22 29 37
170 1 1 1 3 4 7 12 19 25 32
20 0 1 1 2 3 6 10 16 20 26
340 0 1 1 1 3 5 8 13 17 2
40 0 1 1 1 2 4 q 11 14 18
250 0 0 1 1 1 3 6 9 11 15
300 0 0 1 1 1 3 5 7 10 13
350 0 0 1 1 1 2 4 6 9 11
400 0 0 0 1 1 1 4 6 8 10
500 0 0 0 1 1 1 3 5 6 8
600 ) ) 0 1 1 1 2 4 5 7
700 0 0 0 1 1 1 2 3 4 6
750 0 0 0 0 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 1 3 3 4
1000 L] 0 0 0 1 1 1 2 3 4
FEP, 14 12 21 34 60 81 134 234 354 462 590
FEPB, 12 9 15 25 43 59 98 171 258 337 430
PFA, 10 6 1 18 31 42 70 122 185 241 309
PFAH, 8 3 6 10 18 24 40 70 106 138 177
TFE 6 2 4 7 12 17 28 50 75 98 126
4 1 3 5 9 12 20 35 53 69 88
3 1 2 4 7 10 16 29 44 57 73
2 1 1 3 6 8 13 24 36 47 60
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