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NEE Art i el e 250 o061 ol

250.2 Definitions

Bonding Jumpers:

A reliable conductorto ensure the required electricatonductivity
between metal partgequired to be electrically connected.
(makes no mention ofground)




250.4(A)(1)

Electrical systemsthat are grounded

shall be connected to eartim a manner that willlimit the voltage imposed by

1) lightning,
2) line surges, .

3) or unintentional contact with highervoltage lines

4) and that will stabilize the voltage to Earth during normal operation.

Almost EVERYTHING we inspect is a GROUNDED SYSTEM!



Normally non-current-carrying conductive

materials enclosing electrical conductorsor

eqguipment, or forming part of such equipment,
shall be connected to earth so as to limit the

voltage to ground on these materials.250.4(A)(2)



Normally noncurrent-carrying conductive
materials enclosing electrical conductors or
eguipment, or forming part of such equipment,

shall be connected togetheand to the electrical

supply source in a manner that establishes an
effective groundfault current path.

250.4(A)(3) (Bonding)




Concantric

e oA krsockout ,—"I;’?_W
@l @J
Bonding Jumpers installed Bonding Jumpers installed
around concentric or around expansion fittings

eccentric knockouts

Examples of Bonding Jumpers for loosely joined metal raceways or
components where movement is intended or possible.



Normally noncurrent-carrying conductive materials

that are likely to become enerqgizedhall be connected

together and to the electrical supply source in a
manner that establishes an effective grourault

current path.

250.4(A(4) (Bonding of conductive materials)




Electrical equipment & wiring that are likely to become
energizedshall beinstalled ina mannerthat creates a
low-impedencecircuitX ®OF LJ 6t S 2F al 3
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electrical source The earth shall not be considered as
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250.8 Connection of Grounding and
Bonding Equipment

(A) Permitted Methods.
Grounding conductors and bonding jumpers shall be
connected by one of the following means



1. Listed pressure connectors
2. Terminal bars

3. Pressure connectors listed as grounding and bonding equipment

4. Exothermic welding process

5. Machine screwtype fasteners that engage not less than two threads or are secured with a nut

6. Thread-forming machine screws that engage not less than two threads in the enclosure
7. Connections that are part of a listed assembly

8. Other listed means




ListedPressureConnectors




Terminal Bars
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ExothermicWelding Process




ExothermicWelding Process




ExothermicWelding Process




ExothermicWelding Process

Comparison between nVent ERICO Cadweld
Bonded Connection and Mechanical Connection

CADWELD WELD

(Metal A)

YYYYvYvYYYY
(Metal B)

The Cadweld bonded connection
provides conductivity over the
whole of the section due to
molecular bonding between

the metal surfaces.

MECHANICAL
CRIMPED CONNECTION

Line of current

Actual Contact Surface
- A3
O &=

The mechanical connection
presents a significant difference
between the apparent contact
surface and the actual surface.



ExothermicWelding Process

In 1938, Poppatented the Cadweldprocess and enabled one man with 25 pounds of
equipment to replace all of this equipment previously needed. Shortly thereatfter,
exothermic welding for cathodic protection applications was created, followed by high
voltage power transmission and electrical grounding and bonding connections.

Overthe last 80 yearsthe equipment has been greatly enhanced to improve ezsgse,
product safety and weld quality to increasingly justify its use and broaden its applicatiol
Exothermic welding is a significant invention thas accounted for more than 150

million connections.

Disadvantagesf mechanical connections

A Cause pointto-point current flow (i.e. unequal current density).

A Susceptible to corrosionlowering resistance over time.

A Require an antoxidant compound in order to prolong the lifetime of the connection.


https://patents.google.com/patent/US2229045
https://www.nvent.com/us/en/products/cadweld/cadweld-history.html?utm_source=blog&utm_medium=erico_blog&utm_campaign=cadweld_com_launch_ph3&utm_content=blog1_link

Machine screwtype ¥ | & (I S geSursH Witk a nut




Question:
What type of screws can be used for
panels and junction boxes?

B. Pan-head Screw C. Sheet Metal Screw

D. Square/Flat Screw  E. Phillips/Flat Screw F All of the Above

Screws for electrical panels and boxes should not have

sharp pointed tips nor course threads!



250.22 Circuits Not t Be Grounded
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2. Health care facilities as provided in 517.61 & 517.160 (Anesthetizing Locations
and Isolated Power Systems) .
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250.24 Grounding ServieBupplied AlternatingCurrent Systems

Premise wiring supplied by a grounded AC service shall have a
grounding electrode conductor connected to the grounded service
conductor.

Grounding electrode conductor connection shall be made at any

accessible point from the load end of the service drop or service lateral
to and including the terminal or bus to which the grounded service
conductor is connected at the service disconnecting means.




,’l

Pl

At load end of &=
service drop

[i

In accessible

meter enclosure In service

g
g : .
a disconnecting
-é- means

-

Three locations where 250.24(A)(1) permits the
grounding electrode conductor to be connected to the ground
service conductor.



For a grounded system, an unspliced main
bonding jumper shall be used to connect
the equipment grounding conductor and the
service disconnect enclosure to the
grounded conductor within the enclosure

f or each service di scﬁ)n
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Main Bonding Jumper?

l

:

Ungrounded (hot)
bus bars

Grounded (neutral)
bus bar

Grounding bus bar



250.24 (C)(1) Routing & Sizing.

The grounded conductor (neutral) shall be
routed with the phase conductors and shall
not be smaller than the required grounding
electrode conductor (250.66) but shall not

be required to be larger than the largest
ungroundedé conduct or

|




TABLE 250.66 Grounding Electrode Conductor for
Alternating-Current Systems

Size of Largest Ungrounded

Service-Entrance Conductor or Size of Grounding
Equivalent Area for Parallel Electrode Conductor
Conductors® (AWG/kemil) (AWG/kemil)
Aluminum or Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper  Aluminum”
2 or smaller 1/0 (or smaller 8 (I0mm2) 6
1 (50mm2)or1/0  2/0 or3/0 6(l6mm2) 4
2/0 or 3/0 4/0 or 250 4 (25mm2) 2
Over 3/0 through  Over 250 2(25mm2) 1/0
350 (185mm?2) through 500
Over 350 through  Over 500 1/0 (70mm2) 3/0
600 (300mm?2) through 900
Over 600 through  Over 900 2/0 (70mm?2) 4/0
1100 (650mm?2) through 1750
Over 1100 Over 1750 3/0 (95mm2) 250
Notes:

1. Where multiple sets of service-entrance conductors are used as per-
mitted in 230.40, Exception No. 2, the equivalent size of the largest



The grounded conductor (neutral) shall be
shall not be smaller than the required
grounding electrode In Table 250.667

The grounded conductor (neutral) routed
with the phase conductors shall not be
S m a I I e r Size of-Largest Ungroun('led

Service-Entrance Conductor or Size of Grounding
Equivalent Area for Parallel Electrode Conductor
Conductors” (AWG/kemil) (AWG/kemil)
Aluminum or Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper  Aluminum”
2 or smaller 1/0 (or smaller 8 (10mm2) 6

1 (50mm2)or1/0  2/0 or 3/0 6(l6mm2) 4
2/0 or 3/0 4/0 or 250 4 (25mm2) 2

~~ ~ 4w - -~




Grounded conductor (neutral) sized by Table 250.66 7?77

220.61 Feeder or service neutral load shall be the
maximum unbalance of the load...

The maximum unbalanced load shall be the maximum net
calculated load between the neutral conductor and
ungrounded conductor
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250.24 (C)(2) Parallel Conductors

Where the service -entrance phase conductors are installed
In parallel, the size of the grounded conductor shall be
based on the total circular mil area _ of the parallel

c o ndu c tbut nos stnaller than 1/0 AWG

Also see:
250.122(F) Where conductors ar
equlil pment gr oundi n gshall beruhparatied r

In each raceway é

€ Eac h és hswédlondmpererating e over curr ent
deviceéin accordance with Tabl
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Table 250.122 Minimum Size Equipment Grounding
Conductors for Grounding Raceway and Equipment

TABLE 250.66 Grounding Electrode Conductor for
Alternating-Current Systems

Rating or Setting of Size (AWG or kemil)
Automatic Overcurrent
Device in Circuit Ahead Size of Largest Ungrounded
of Equipment, Conduit, etc., Aluminum or Service-Entrance Conductor or Size of Grounding
Not Exceeding Copper-Clad Equivalent Area for Parallel Electrode Conductor
(Amperes) Copper Aluminum* Conductors® (AWG/kemil) (AWG/kemil)
15 14 12 ) ?
90 12 10 Aluminum or Aluminum or
60 10 8 Copper-Clad Copper-Clad
100 8 6 Copper Aluminum Copper Aluminum”
e ) - 2 or smaller 1/0 (or smaller 8 (10mm2) 6
400 3 1 1 (50mm2)or1/0  2/0 or 3/0 6 (16mm2) 4
500 2 1/0 2/0 or 3/0 4/0 or 250 4 (25mm2) 2
600 | 2/0
800 1/0 3/0 Over 3/0 through  Over 250 2 (25mm2) 1/0
350 (185mm?2) through 500
1000 2/0 4/0
1200 3/0 9250 Over 350 through  Over 500 1/0 (70mm2) 3/0
1600 4/0 350 600 (300mm2) through 900
2000 250 400 Over 600 through  Over 900 2/0 (70mm2) 4/0
2500 350 600 1100 (650mm?2) through 1750
2000 AN o Over 1100 Over 1750 3/0 (95mm2) 250
4000 500 750
5000 700 1200 Notes:
6000 800 1200 1. Where multiple sets of service-entrance conductors are used as per-
Note: Where necessary to comply with 250.4(A) (5) or (B)(4), the mitt(.:d in 230.40, Exc.eption N(?: :2, tl?c equi.valf‘:l.lt Si.ze 9f the largest )
equipment grounding conductor shall be sized larger than given in this

table.
*See installation restrictions in 250.120.



Grounded
conductor

Bonding Jumper

Equipment Grounding Conductor (EGC)

Grounding
electrode

conductor 6 AWG

—  PVC



250.24 (D) Grounding Electrode Conductor (GEC)
X®D9/ &aKIFff O2yySOd 9D/ X aSNWAOS Sldz
9f SOUNRPRSSOGAUVLXIFYR aAl SRXHpndcec
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(A) through (C).

Size of Largest Ungrounded

Service-Entrance Conductor or Size of Grounding
Equivalent Area for Parallel Electrode Conductor
Conductors® (AWG/kemil) (AWG/kemil)
Aluminum or Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper Aluminum®
2 or smaller 1/0 (or smaller 8 (10mm2) 6
1 (50mm2)or1/0  2/0 or 3/0 6(16mm2) 4
2

2/0 or 3/0 4/0 or 250 4 (25mm?2)

-~ 4w . ~~ -~ -~




2008 NEC

250.66(A) Where the GEC 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 connection to
the GEGhall not be required to be larger than 6 AWG copper.

2017 NEC

250.66(A) If theGEOr bonding jumper connected to a single or multiple rod, pipe or
plate electrode(s), or any combination thereof, agscribedA ¥ H p do@gnat X >
extend on to other types of electrodes that require a larger size condugctobe GEC
shall not be required to be larger than 6 AWG copper.

?



250.66 Article 250 + Grounding and Bonding

Service
— drop
A
~7

<«—— 8 AWG Cu tap <«— 4 AWG Cu tap
. °

AN 7

2 AWG Cu grounding electrode conductor sized for
circular mil area of service-entrance conductors

Exhibit 250.30 A grounding electrode conductor with multiple
sets of service conductors, sized according to Table 250.66,
Note 1.

Solution

STeP 1. Using Table 8 in Chapter 9. calculate the total
circular mil area of both grounded service conductors:

3 AWG = 52.620 circular mils
3/0 AWG = 167.800 mils
Total area = 220,420 circular mils

From Table 8, the next larger standard size is 250 kemil.

STEP 2. Use Table 250.66 to size the grounding electrode
conductor. According to the fourth row, “Over 3/0 through
350." the size should be 2 AWG copper or 1/0 AWG alumi-
num.

Note that the taps to the grounding electrode conductor
from each service disconnecting means enclosure in Exhibit
250.30 are sized from Table 250.66 based on the size of the
service-entrance conductors supplying the enclosures.

(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
connection 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

230

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) Connections to Ground Rings. Where the grounding
electrode conductor is connected to a ground ring as permit-
ted 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.

As illustrated in Exhibit 250.31, where a grounding electrode
conductor is run from the service equipment or separately
derived system to a water pipe or structural metal building
member and from that point to one of the electrodes men-
tioned in 250.66(A). that portion of the grounding electrode
between the service equipment or separately derived systei
and the water pipe or structural metal building member must
be a full-size conductor, per Table 250.66. If the grounding
electrode conductor from the service equipment is run, for

example, to the ground rod first and then to the water glﬁe.
the conductor to the ground rod would also have™o be

full size, per Table 250.66. Note that Exhibit 250.31 is not
intended to show the physical routing and connection of the
bonding jumpers. The sizes for the bonding jumpers to the
ground rod and the concrete-encased electrode shown in
Exhibit 250.31 are the maximum sizes required by the Code.

As illustrated in Exhibit 250.3 1, where a grounding electrode
conductor is run from the service equipment or separate!y
derived system to a water pipe or structural metal building
member and from that point to one of the electrodes men-
tioned in 250.66(A), that portion of the grounding electrode
between the service equipment or separately derived system
and the water pipe or structural metal building member musi
be a full-size conductor, per Table 250.66. If the grounding
electrode conductor from the service equipment is run, for

example, to the ground rod first and then to th€ water pip-.

] 3/0 AWG ———— >
ungrounded |
A Building service entrance __
steel conductors
Service —|
equipment
Not required 4 AWG Cu grounding
to be larger electrode canductor
than 4 AWG Cu I
6 AWG Cu B Not required to be SELLLE s
larger than 4 AWG Cu
s
r: / - Not less than
ground ring

conductor size
- _1__&_ — 1
A i
™~ Ground rod | [*~Underg metal G
7 water pipe electrode
(=]
Required tobe not _—~ " ~Ground ring

less than 2 AWG Cu J

Exhibit 250.31 Grounding electrode conductor and bonding
jumpers sized in accordance with 250.66 for a service supplied
by 3/0 AWG ungrounded conductors.

2008 National Electrical Code Handlook

the conductor to the ground rod would also have ®o be
full size, per Table 250.66. Note that Exhibim
intended to show the physical routing and connection of the
bonding jumpers. The sizes for the bonding jumpers to the
ground rod and the concrete-encased electrode shown in
Exhibit 250.31 are the maximum sizes required by the Code.




Service
drop

Neutral 3 AWG Cu 3/0 AWG Cu

/

<— 8 AWG Cu tap <«— 4 AWG Cu tap
o 2

A v

2 AWG Cu grounding electrode conductor sized for
circular mil area of service-entrance conductors

Not required
to be larger

than 4 AWG Cu

6 AWG Cu
\ M /

steel

3/0 AWG ———— >

ungrounded Neutral

3 S Building service entrance s,

conductors

4 AWG Cu grounding
electrode conductor

Not required 1o be L %8
larger than 4 AWG Cu

Z -
o e i
/ Not less than
ground ring
dlnilh conductor size
> 7‘
-~ Ground rod | [* Underground metal Concrete-encased
: 7  water pipe electrode
]

y Required to be not _~—" \Ground ring

less than 2 AWG Cu

c—

Exhibit 250.30 A grounding electrode conductor with multiple
sets of service conductors, sized according to Table 250.66,
Note 1.

Exhibit 250.31 Grounding electrode conductor and bonding
jumpers sized in accordance with 250.66 for a service supplied
by 3/0 AWG ungrounded conductors.




2008 NEGIANDBOOK
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prohibited.

250.68(A) Accessibllity

All mechanical elements used to terminate a GEC or bonding jumper to a grounding
electrode shall be accessible.

Exception: buried or concrete encased

Accessible: Capable of being removed or exposed without damaging the building
structure or finish or not permanently closed in by the structure or finish of the
building.

Readily Accessible: Capable of being reached quickly for operation, renewal, or
Inspections without requiring those to whom ready access is requisite to climb over
or remove obstacles or to resort to portable ladders, and so fourth.

f



250.80 Service Raceways and Enclosures.
éshall Dbe connected to the gr

Exception: A metal el bowéunder
possi ble contact by a mini mum




