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Jaclyn A. Brilling n 2 m
Secretary S
State of New York

Public Service Commission
Three Empire State Plaza
Albany, NY 12223

December 08, 2005

Re: Stray Voltage Request for Response

Dear Secretary Brilling:

In its October 3, 2005 Order, the Commission ordered all facilities-based
telephone companies to respond to four specific questions regarding stray voltage in their

outside plant. Crown Point Telephone Corporation has no payphones and so respectfully
submits responses to only three of the four questions.

We have enclosed four copies of the following, as requested: Our responses to
the applicable questions, NEC guidelines, NESC guidelines, NYSTA Occupational
Health and Safety Manual as well as a self-addressed, stamped envelope. Crown Point

Telephone Corporation requests that one of the copies be time-stamped and returned to
us in the envelope provided. <z \*19\0s

If you have any questions or concerns regarding this submission, please contact
me at the address or phone number above. Thank you.

Sincerely,

Shana Knapp Macey
Vice President/Treasurer

Encl.




ALL COMPANIES MUST RESPON,

(1) All facilities-based telephone companies, including payphone providers, must
submit an original and three copies of a statement of the current state of
compliance of their telephone facilities which are generally accessible to the
public (e.g., outside plant) with the National Electric Safety Code and the
National Electric Code. The statement should describe currently deployed plant
that was installed prior to the adoption of a policy which required adherence to
electric codes.

Crown Point Telephone Corporation possesses, and uses as a
guideline for installation, copies of applicable NEC and NESC
Handbooks. Crown Point Telephone Corporation has made every
reasonable effort to ensure that outside plant installed prior to the
adherence of these codes is now safe with the proper electrical
protection. Crown Point Telephone Corporation installation
procedures follow guidelines given “"NYSTA Environmental Health
and Safety Manual.

(2) All facilities-based telephone companies, including payphone providers, must
submit an onginal and three copies of comments on why adherence to the NESC
and the NEC should not be mandated for them.

Crown Point Telephone Corporation has been safely providing the
installation and maintenance of outside plant and telephone
equipment for over one hundred years. We agree with the
importance of compliance with the NEC and NESC but feel that our
individual compliance with these standards is solely our
responsibility, and should not be that of the Commission’s. Crown
Point Telephone Corporation does not believe that it is appropriate
for the Commission to mandate this compliance. With the
telephone network having a low voitage output we believe that
the Commission should not concern itself with "mandating”
compliance. NRIC Best Practices, common sense and appropriate
employee training, all of which Crown Point Telephone
Corporation subscribes to, should ensure compliance with any
applicable codes.




ALL COMPANIES MUST RESPON,

(3) All facilities-based telephone companies, including payphone providers, and
cable companies, must file an original and three copies of their policies and
procedures that address protocols for dealing with instances of stray voltage.

Crown Point Telephone Corporation adheres to the electrical
power safety section of OSHA 1910.268 (Telecommunications).
These safety sections are compiled in our "NYSTA Environmental
Health and Safety Manual” which we follow as part of our
procedures for maintaining compliance (included with submittal).




* Chain hoist will not be used to secure poles

during transportation. The appropriate pole
binder shall be in place.

Grinding Wheels

Goggles or face shield must be used when operating
a grinding wheel. All bench and stand grinders shall
be provided with safety guards which cover the
spindle ends, nut and flange projections. Machines
will be securely anchoréd to prevent movement, or
designed in such a manner that in normal operation
they will not move.

An adjustable work rest of rigid construction shall
be used to support the work on ofthand grinding
machines. Work rests shall be kept adjusted closely
to the wheel with a maximum clearance of 1/8 inch.

Welding

*  Welder's clothing must be kept free of excessive
oil, grease and other flammable substances

= All oxygen & acetylene hoses shall be repaired
with proper clamps and connections

» [t shall be the responsibility of each welder to
insure they are properly shielded before striking
the arc

= Have portable fire extinguisher near when
welding, cutting, or soldering

= Any defective welding leads or grounds cables
shall be properly repaired

»  Welder is responsible for examining area for
possible fire hazards

* Torches shall be lighted only with friction type

lighter
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» Acetylene line gauge pressure shall not exceed
15 PSI

s All welding hoses shall be coiled and hung in a
safe manner when welding is completed

»  All spent welding electrodes shall be properly
disposed of

= All empty oxygen bottles, hoses, torches, or
oxygen related equipment shall be kept away
from all petroleumn products

* When not is use, gauges should be protected or
removed and caps replaced

» Screens shall be in place when arc welding is
being performed

*  Good housekeeping shall be practiced

= All welders will wear eye protection with
suitable filter lenses when welding, cutting,
chipping, grinding or any other activity which
might cause eye injury

= Only trained employees shall use welding
equipment

3. ELECTRICAL
POWER SAFETY

Voltage Tester
C-9970 Voltage o -—,17"-
Detector 5 ]

The C-9970 Voltage Detector is the standard tool
for checking for the presence of hazardous high
voltages. It is intended for use in testing various




conductive objects such as:

- power ground wires - metallic conduit

- street light fixtures - mobile homes

- metal frameworks - pedestals

- newly driven ground - metal siding on
rods homes

- any vertical ground wire - all down guys
attached to pole - all telephone-strand

- machinery

- similar potentially hazardous items

Before first time use of the C-9970 Voltage
Detector, the technician should completely read the
entire manufacturer’s handbook to ensure proper
training.

The C-9970 uses electronics and high voltage
mechanical design to indicate the presence of
dangerously high AC and.DC voltages, regardless of
current potential. It does this by comparing the
voltage difference between the user’s body and the
object being tested to an internal safety reference. If
the voltage difference exceeds this reference, the
voltage detector indicates danger. Its range is 50 to
20,000 volts AC at 60 Hz. and 6 to 2000volts DC.
The test set indicates the presence of a hazardous
voltage by means of a red flashing LED. It does not
indicate actual voltage.

When the test set indicates the presence of a
potentially hazardous voltage, the technician should
contact their supervisor immediately. The
supervisor will determine if the voltage is hazardous
and take the appropriate steps to eliminate the
hazard.
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The capacitance between the user’s hand and the
handle of the voltage detector is part of the
measuring circuit and can effect the sensitivity of the
voltage detector. The use of high voltage electrical
safety gloves should be avoided where possible,
since gloves reduce the sensitivity of the detector
and may cause erroneous indications. Where
voltages may exceed 20,000volts AC, gloves are
required when using the voltage detector.

If, under gloved conditions, the detector indicates a
safe condition, perform a second test without
gloves. Follow the indications of this second test. If,
however, the detector indicates a high voltage under

. gloved conditions, DO NOT RETEST WITHOUT

GLOVES, MOVE AWAY AND CONTACT
YOUR SUPERVISOR.

Self Check

Self check is a test that must be performed before
each use of the Voltage Detector. To perform the
self check:

» Ensure the entire housing is clean and dry. Dirt
and moisture reduce the insulating properties of
the plastic surface.

» Examine the housing for cracks. If there are
cracks or other obvious defects, do not use the
detector.

»  Grasp the handle with your bare hand. Using the
thumb, depress the trigger and observe the green
indicator. If it does not light or is very dim,
check the internal battery and replace if
necessary. If the green indicator still does not
light, do not use the voltage detector.




»  With the trigger depressed, touch both the probe
tip and the “check contact” (smaller of the two
metal contact points on the sides of the front of
the detector). The red indicator should flash and
the green indicator should go out. If they do not,
do not use the voltage detector.

= Note: It may be necessary to wet the fingers
touching the probe tip and “check contact” in
order to start the red flashing light. This'is
acceptable and does not indicate a malfunction.

= After passing self check, the voltage detector
may be used to perform a voltage check on the
object(s) in question.

AC Hazardous Voltage Testing

No grounding is required for AC hazardous voltage
testing.

Always perform self
check before each test.

Remember that the
detector is designed to
detect voltages at 60 Hz.:
it may require a higher voltage to trigger a hazard
indication at different frequencies.

Refer to the operator’s handbook for the procedure
for AC Voltage Testing.

Aerial Applications

Since the capacitance between the detector and the
user’s body is part of the measuring circuit, voltages
induced into the user’s body can impact the
readings. Such induced voltages can be introduced
when the user is isolated from ground while working
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aloft near power transmission lines. This can cause
the voltage detector to indicate danger where none
exists. _

Refer to the operator’s handbook for details on
testing in this environment.

DC Hazardous Voltage Testing

When testing for DC voltages, a connection must be
established between the ground terminal of the
voltage detector and a KNOWN EARTH
GROUND.

Refer to the operator’s handbook for details of the
DC Voltage Test procedures.

Additienal Equipment

Your C-9970 Voltage Detector comes in a kit that
should also contain two additional pieces of
equipment (see photo):

C-9972 (left) Temporary Bond

C-9967 (right) Ground Cord

The use of these items is explained in the operator’s
handbook.

Periodic Performance Tests
The voltage detector must be checked periodically
to assure that it is working
properly and that it retains
its protective properties.

Self Check

Should be performed prior

to every use of the voltage
detector.

See the section above for

details on performing this check.




Test Plug T} hold Sensitivity Checl
This test verifies the sensitivity of the voltage Threshold Test for C-9970 Voltage Detector.
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detector. The test plug (C-9966, see photo below)
provides the proper reference voltage. This test: e el
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Annual testing is required. Do not use your C-9970
Voltage Detector if the certification has expired.

. AERIAL POLE TESTING

*  All poles will be visually checked and tested
before any pole is worked on.

= Probe And Sound Test The Pole

= Caution MUST be taken when removing
anything from a pole, especially the last

98 attachment or wire.




* Report to your supervisor and engineering of
any dangerous condition. (i.e., shell and ground
, structural damage, electrical hazards.

® The method for marking the unsafe condition is
with burnt orange paint marking a large X on the
cable side of the pole or danger tag made out
with follow-up procedure.

® You must be familiar with ropes and knots that
are common to pole conditions. Before starting
any joint pole work, the electric utility must be
notified. Electric wires should be guarded
before work starts.

* Ladders must be lashed securely to support
while working aloft. Keep 60 inches clearance
for voltages over 750 volts.

Testing Cable Suspension Strand

Before attaching a splicing platform to cable
suspension strand, it shall be tested as follows to
make sure it has sufficient strength to support the
weight of the platform and the employee, except that
where the strand crosses above power lines or major
railroad tracks, an inspection should be made.

One of the following methods or its equivalent shall
be used:

» Throw 3/8 inch rope (or larger) over the strand.
On joint lines, pass the rope over the strand
using tree pruner handies or a wire-raising tool.
If two employees are present, both shall grip the
double rope and slowly transfer their entire
weight to the rope. The feet should not be more
than about 12 inches above the ground.
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= Ifonly one employee is present, one end of the
rope shall be tied to the bumper of the truck or
other equally secure anchorage; the employee
shall then grasp the other end of the rope and
attempt to raise himself about a foot above the

ground.

Inspection of Strand

Where the strand passes over electric power lines or
major railroad tracks, it shall not be tested, but shall
be inspected from a convenient working position at
both poles supporting the span in question. If any of
the following conditions exist, such strand shall not
be used to support any splicing platform, scaffold, or
cable car.

Look for:

» Corrosion so that no galvanizing can be seen.

= Onpe or more wires of the strand are broken.

®=  Any worn spots.

* Burn marks such as those caused by contact with
electric power wires. .

» Notify supervisor if unsafe conditions exist.
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Outside Work Platforms and Scaffolds

Safety straps and body belts shall be used while
working on elevated work platforms such as aerial
splicing platforms, pole platforms, ladder platforms,
and terminal balconies, unless railings are provided.

'\ .
. \\ / g;muwpmm
s weanday]
e Telephona Drop Wre
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Other Elevated Locations

Safety straps and body belts shall be worn to protect
employees working at elevated positions on poles,
towers, or similar structures.

Methods of Testing Wood Poles

All employees in the work area must wear the
appropriate insulating rubber gloves with leather .
protectors at all times. All parts of the body other

than protected hands will be kept free from contact
with the pole or tools used in the handling of the
pole during the period that the pole might contact
electric wires.

One of the following methods or its equivalent shall
be used:

* Probe and Sounding Test: Rap the pole sharply
with a hammer weighing about 3 pounds,
beginning near the ground line and continuing to
a height of about 6 feet, going completely
around the pole. The hammer will produce a

* clear sound and rebound sharply when striking ‘
sound wood. Decay pockets will be indicated by
a dull sound and the hammer rebound is less
pronounced. In this case, the pole shall be

. considered unsafe. Also, prod the pole as near
the ground line as possible using a pole prod or a
screwdriver with 5 inch or longer blade. If
substantial decay is encountered, the pole shall
be considered unsafe.

* Apply a horizontal force to the pole and attempt
to rock back and forth in a direction across the
line. Caution must be exercised to avoid causing
power lines to swing together. The force may be
applied either by pushing with a pike pole or




pulling with a rope. If the pole cracks during the
test, it shall be considered unsafe.

» Unsafe poles or structures: Poles or structures
found to be unsafe by test or observation shall
not be climbed until made safe by guying,
bracing, or other adequate means. Poles found
unsafe to climb shall, until they are made safe, be
tagged in a conspicuous place to alert and warn
all employees of the unsafe condition.

Lockout/Tagout

The lockout/tagout (loto) standard applies to the
telecommunications industry and covers the
servicing and maintenance of machines and
equipment in which the unexpected startup or
release of stored energy could result in death or
injury to employees.

Lockout and tagout of the energy isolating devices
will be required whenever performing maintenance
or service work on machines or equipment.

Required LOTO:

= Whenever there is a potential for injury by
unexpected start-up of equipment or release of
any stored energy, including pressurized lines.

= Whenever an employee must remove a guard or
other safety device.

» Whenever an employee must place any part of
their body where it could be caught by moving
machinery.

* Whenever anyone is working "away from" any
energy isolating device which could result in an
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injury if this energy isolating device was
accidentally and or unexpectedly released.

Exceptions to LOTO

» Cord and plug type of equipment (if operator has
control of cord)

» "Copy machines" have interlocks that do not
allow the copier to operate when removing
paper jams.

= During hot tap operations that involve
transmission and distribution systems for
telecommunications power systems, gas, steam,
water; when continuity of service is essential,
and shutdown of the system is impractical; and
employees are provided with an alternative type
of protection that is equally effective.

Examples of stored energy where LOTO might
apply:

»  Central office power areas

» Electrical power distribution panels
= Stand-by generators

= Lasers

Procedures

1. Preparation: Locate all energy sources that need
to be isolated.

2. Employee Notification: Notify all affected
employees that LOTO is going to be utilized and
the reason for lockout. (tailgate meeting)

e
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3. Equipment Isolation: Operate the switch, valve,
stopper or other device so that the equipment is
isolated from energy source(s).

4. For Electrical Energy: locate correct electrical
- disconnect switch or circuit breaker and turn to
the off position. Check with voltmeter to assure
it is de-energized.

5. For Mechanical Energy: such as springs,
elevated machine members, rotating flywheels,
must be dissipated or restrained by methods such
as repositioning or blocking.

6. For Flammable, Pneumatic, Hydraulic, Thermal,
or Chemical where such energy is contained in
lines on pipes: valves must be closed or lines

disconnected, or isolating "blanks" or stoppers
installed.

7. LASTLY TAG all energy isolating devices that
are controlling the unexpected release of energy,
attach locks to these devices.

Approved

LOTO . W

Devices: -,,,"' — P
Specific Tags rﬁfd_:ﬂ 54 ij s
and Locks will - a.l 2 P
be available to s ‘"”
all authorized

employees.

® Tags will be standardized

= Each tag will list the name of the person or
Supervisor requesting the tagout. (Name of the
person the Tag is protecting)
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s Locks shall be used in combination with the tag.

* The employee being protected must maintain the
lock key. Supervisor may maintain a duplicate
key BUT cannot utilize it without following
Lock removal procedures.

*  When individual Locks are issued they will
specifically identify lock's owner.

* Making duplicate keys for these individual Locks
is strictly prohibited.

» Designated Tags and Locks shall NOT be used
for any other purpose than LOTO.

* Multiple Lock adapters will be available for all
jobs requiring more than one safety LOCK to be
placed on an energy isolating device.

* Tags will be used in all LOTO situations.

Application of LOTO devices:

* When practical and feasible each person shall
place their Lock and Tag on the locking device.
A single lock may not be used to represent more
than one employee unless procedures have been
established that will provide "at least as
effective” protection to all employees working
on that particular equipment.

*  When it is NOT practical and feasible for each
employee to place their own Lock and Tag on
the energy isolating device, the Supervisor shall
have the Tagout in his/her name. Supervisor
must also authorize removal.

= Ifa Supervisor has his/her name on the Tag and
they are replaced by another Supervisor on this
job, new tags shall be hung with new
Supervisor's name written on this new Tag. If an




individual Lock was used it should also be
changed at this time.

Restoring Locked Equipment: (by installer)
1. Notify personnel in start-up area.

2. Clear all tools and repair equipment.
3. Remove Locking and Tag devices.

4. Restore isolating devices to normal operating
position.

5. Notify operating personnel of operation status.

Emergency Removal of Locks By Others Than
Installer:

1. Attempt to reach person who's name is on the
Tag to find out job status.

2. Notify Supervisor.

3. Supervisor will inspect equipment or line to be
placed in operation.

= Review work.

» Repairs complete?

*  Guards installed?

=  Tools clear from machinery?

4. Notify personnel in the area of start up and
follow unlocking procedures.

Responsibilities:

Employees-understands the purpose of LOTO, the
hazards of unexpected energizing of equipment, can
perform LOTO procedures and the importance of
NOT attempting to remove a LOTO device without
following ALL STEPS.

-
N
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Supervisors-Knowledge and Enforcement of LOTO

procedures. Recognition when re-training is needed

and make arrangements for and participates in
development of specific job procedures needing
LOTO.

Safety Manager-Develops LOTO procedure and
identity's LOTO devices. Inspections to insure
compliance and initial and re-training of employees -
including records of training. Procurement and
supply of LOTO devices.

If Someone Is Shocked

1. Don’t touch anyone in contact with a power
source — you could be killed or seriously injured!
Instead, turn off power at the control
panel/power source. Then call for help and tell
them it’s an electrical injury.

9. Ifthe victim is not breathing, begin CPR. Ifthe
victim is not revived right away, continue CPR
until someone trained in CPR relieves you, or
until medical personnel has arrived.

Electrical Fires

= Ifyou smell smoke or see a flame, unplug
equipment involved or turn power off at the
main control panel.

» TIfthe fire is small, use a multipurpose fire
extinguisher to put it out. Never use water on .
an electrical fire.

= Ifyou have any doubt that you can put the fire
out, sound alarm, leave immediately and take
everyone with you. '

s (Call fire department. Be sure to give your name,
location, inform them that it is an electrical fire,

¢
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and give any other information you feel
, important. :

Uninterruptible Power Supply (UPS)

UPS systems can present both electrical hazards and
possible noise exposures. Noise is generally
generated not by the UPS itself, but by air -
movement due to ventilation requirements. Noise
should be evaluated and documented.
Administrative controls for electrical hazards must
also be evaluated. Most often you will have three
systems providing power to the UPS (Power
company, batteries, and emergency generator). All
must be controlled prior to service work. (See
Lockout/Tagout Section).

Batteries

Battery rooms require employee protection be
available due to the sulfuric acid in the batteries.
Sealed or unsealed batteries do change the potential
for exposure, but not the requirements for personal
protective equipment. Each type contains sulfuric
acid and therefore possibly exposes the employee.

This requires chemical resistant personal protective
equipment of:

* Eyewash (Where sealed batteries are used,
substitution of a water rinse or neutralizing
packs is acceptable. Other facilities require

drenching or flushing facility)
= Face shield
= Apron
* Gloves

= Shoes or boots.

Each battery room must contain chemical neutralizer
for the acid in the event of a spill and proper room
ventilation.

4. MATERIAL
HANDLING

Compressed Gas .
Compressed gas cylinders are dangerous when
improperly stored or handled incorrectly. Always
assume that a cylinder is pressurized. Handle it
carefully. Never throw, bang, tilt, drag, slide, roll, or
drop a cylinder from a truck bed or other raised
surface. Two or more people are required to
manually lifting of any cylinder. Because of their
shape, smooth surface, and weight, gas cylinders are
difficult to move by hand. A truck or an approved
cylinder handcart must always be used to move a
cylinder. Never use cylinders, even empty ones,
rollers for moving materials, as work supports, or
other purposes.

If damaged, a cylinder can cause severe injuries,
including lung damage from inhalation of toxic
contents and physical trauma from explosion. A
pressurized gas cylinder can become a dangerous
projectile if its valve is broken or damaged.

When a cylinder is not in use, either a pressure
regulator must be connected or the safety cap must
be in place. In all cases it is extremely important
that the valve be kept closed. The cap protects the




cylinder valve (do not lift cylinders by their caps).
Notify the regional/company safety person, giving
details and cylinder serial number, if you believe that
a foreign substance may have entered the cylinder or

valve. All Oxygen/Acetylene rigs must use flash
arrestors.

Cylinders containing compressed gases should not
be subjected to a temperature above 125 degrees F.
Flames, sparks, molten metal, or slag must never
come in contact with any part of a compressed gas
cylinder, pressure apparatus, hoses, or any part of
the system. Do not place cylinders where they might
become part of an electric circuit. When cylinders
are used in conjunction with electric welding, ensure
that the cylinders cannot be accidentally grounded
and burned by the electric welding arc.

Cylinders must not be subjected to artificially low
temperatures. Many ferrous metals become
extremely brittle at low temperatures. The loss of
ductility and thermal stress at low temperature may
cause a steel cylinder to rupture. Never attempt to
repair, alter, or tamper with cylinders, valves, or
safety relief devices.

Compressed gases cylinders must be stored in an
upright position with the cap or regulator installed
and chained to a cart or a permanent structure. Fuel
gas storage must be separated from oxygen storage
by either 20 feet or a half-hour firewall 5 feet high.
Transportation of all fuel cylinders must be in
vertical racks that would prevent inadvertent
damage or overturn. It is imperative that an
acetylene cylinder never be tilted beyond a 30 degree
angle, tilting at greater than 30 degrees could result
in an explosion.
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Compressed gases (over 150 psig) are usually stored
in steel cylinders manufactured according to DOT
specifications. When the DOT was formed in 1969,
it acquired responsibility for cylinder specifications,
formerly issued by the ICC (Interstate Commerce
Commission).

DOT regulations require the following markings on
all cylinders:

» Type of cylinder and pressure rating
»  Serial number
= Inspection date:
example: DOT 3AA 2065 973487 6/90

DOT 3AA indicates DOT specification 3AA, which
is a seamless alloy-steel cylinder of definite
prescribed steel, not over 1000-Ib. water capacity,
with at least 150-psi service pressure; 2065 1s the
service pressure at 70 degrees F. and the maximuin
refill pressure; 973487 is the manufacturer's serial
number; and 6/90 is the date of the initial qualifying
test.

Old cylinders (made before 1970) will have "ICC" in
the markings, whereas cylinders manufactured after

1970 will be marked "DOT." The other identification

markings are unchanged.

Inspections

All compressed gas cylinders, hoses, tubing, and
manifolds must be inspected frequently to ensure
that they are free of defects that could cause a
failure. Cylinders must be removed from service if

|
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Organization/T elephone Number/Web Address

American National Standards lnsiitute A
(212) 642-4900 (ANSI

www.ansi.org

American Society of Givi i
ot ty of Civil Engineers (ASCE)

{800) 548-2723 or (703) 295-6300

American Society for Testing and Materi
(610) 832-9585 g erials (ASTM)

www.astm.org

Institute of Electrical an
(800} 678-4333
www.ieee.org

d Electronic Engineers (IEEE)

National Fire Protection Association (NFPA
(800) 344-3555 ( )

www.nfpa.org

Groundlng Methods for
Electric Supply and
’?’C‘bmm‘unicaiions Facilities

740

Fig.03-1. Organization Phone numbers and web site addresses (Sec. 03),

The purpose of Sec. 09 is to provide practical methods of grounding. Grounding

one of the ways to protect people from hazardous voltages. Grounding also
allows protective devices to operate during a fault condition. The basic theory
behind grounding is to keep the voltage of a grounded part (e.g., equipment case,
Heutral conductor, etc.) as close as possible to the potential of the earth so that a
. voltage difference does not exist between a person and a grounded metal object.
. The.Code states in this rule that grounding is used as one of the means tr"f:-

. guarding employees and the public from injury. Other means include, but « t
limited

, guarding, clearance heights, short circuit protection, etc.

The scope-of Sec. 09 is to provide the methods of protective grounding for sup- -
. ply and communication conductors and equipment. The requirements for
. grounding-are listed in the other parts of the Code (i.e., the grounding rules in
- Part 1, “Electric Supply Stations,” Part 2, “Overhead Lines,” Part 3, “Under-
- ground’Lines,” and Part 4, “Work Rules”). The scope of Sec. 09 does not
ncludé’the ;grounded return of electric railways or lightning protection not
- dssociated with supply and communication wires, for example, lightning pro-
" tection ifistalled on a commercial building.*




092. POINT OF CONNECTION OF GROUNDING
CONDUCTOR

092A. Direct Current Systems That Are to Be Grounded. This rule has basic
connection requirements for direct-current (DC) systems. For 750 V and less,
the grounding conductor connection must be made only at the supply station.
For three-wire DC circuits, the connection must be made to the neutral. For DC
systems over 750 V, the grounding conductor connection must be made at both
the supply and load points. The connection must be made to the neutral of the
system. The ground or grounding electrode can be external or remote from
each of the stations. This permits separating the electrode from areas with
ground currents that can cause electrolytic damage. The Code permits one of
the two stations to have its grounding connection made through a surge
arrester as long as the other station has the neutral effectively grounded. An
exception is provided for the 750 V and greater category for back-to-back DC
converter stations that are adjacent to each other. For thig condition the neutral
of the system should be connected to ground at one point only. .

092B. Alternating-Current Systems That Are
to Be Grounded

092B1. 750V and Below. The point of grounding connection on alternating-
current (AC) grounding connection on wye-connected, three-phase, four-wire,
and single-phase, three-wire systems operated at 750 V and below is shown in
Fig. 092-1.

On other one-, two-, or three-phase systems feeding lighting circuits, a ground-
ing connection must be made to a common circuit conductor. Common examples
include a 120/240-V, three-phase, four-wire center tap delta service, a 120/208-V,
" single-phase, three-wire service fed from a 120/208-V, three-phase, four-wire serv-
ice, or a 120-V, smgle-phase two-wire service fed from a 120/240-V, smgle-phase
three-wire service.

Wye and delta circuits that are not grounded or do not use a common (neutral)
conductor for grounding cannot be used to serve lighting loads. See Fig. 092-2.

Grounding connections must be made at the source and line side of a service
as shown in Fig. 092-3.
092B2. Over 750 V. Nonshielded conductors (e.g., bare neutral conductors)
must be grounded as shown in Fig. 092-4,

The wording in Rule 092B2a requires unigrounding at the source (substation
transformer) and permits, but does not require, multigrounding along the line.
However, various rules in Part 2, “Overhead Lines,” and Part 3, “Underground
Lines,” will require systems to be effectively grounded. Effectively grounded
systems typically need to be multigrounded to provide sufficiently low ground
impedance. Multigrounded systems are discussed in Rule 096C.

Shielded conductors on riser poles must be grounded as shown in Fig. 092-5.

Shielded cables without an insulating jacket must be grounded as shown in
Fig. 092-6.

Y vrawe VRWVITWIHTIY MEINVKI. JUFFLT & UUNMMURIVAIIVND FAUVILIHIEYS 1y
— e Phase conductor
Lﬁ .~ Phase conductor
Neutral conductor
Grounding connection

Phase conductor

Wye connected, 3-phase, 4-wire system (e.g.
120/208V, 30, 4W and 277/480V, 30, 4W)

Phase conductor

These configurations

require the grounding . .
connection to be on Mautral conductor

the neutral conductor.

— Grounding connection

Phase conductor .

Single phase, 3-wire system (e.g. 120/240V, 10,
3w)

Phase conductor 7.

Phase conductor

—l— Grounding connection
= Neutral conductor

Phase conductor

Single phase, 3-wire system on a delta connected 3-phase,
4-wire system (e.g. 120/240V, 30, 4W center tap delta)

Fig. 092-1. Grounding connection on wye-connected three-phase, four-wire and single-
phase, three-wire systems (Rule 092B1). -
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Phase conductor Neutral |-=1
l'!' o
A circuit conductor may be
grounded (corner i
grounded) but this
configuration can NOT be Phase conductor
used for lighting loads. Grounded . " ]
. L Grounding Phase conductor | B ~ L‘::'L‘::r;g:;:?:g:g s
- connection -
i source (transformer) and
L - the line side of the service
Corner grounded 3-phase, 3-wire delta — quipment (meter/main).
system (e.g. 480V, 39, 3W corner —
grounded delta or 240V, 39, 3W corner < [ ‘
grounded delta) g 1 :]
Phase conductor
These configuration ! ,. - -
may NOT be used -
for lighting circuits. ! ’ Grounding
Phase conductor i R connection
Phase conductor

Undergrounded 3-phase, 3-wire delta
system (e.g. 480V, 30, 3W ungrounded
delta or 240V, 39, 3W ungrounded delta)

Grounding connections
must be made to the
Phase conductor source (transformer)
Y and the line side of the
Phase conductor ; L service equipment

(meter/main).

vV

bt
LLm—_JJ]

Phase conductor 3 ¥Grounding—/
b : - connection

|8 nf\

Ungrounded 3-phase, 3-wire wye system (e.g. : ) i . (Flli?.l.l :::Zil f;romdmg connections at source and line side of a service

480V, 3@, 3W ungrounded wye)

Fig. 092-2. Wye and delta systems not to be used for lighting loads (Rule 092B1).
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are, covered, or
insulated
non-shieided
cable. (Shielded
cables would
typically be run
underground.)

Additional ground connections may
| be made along length of line (this
permits a multi-grounded system
but does not require it).

Neutral must be grounded
at the source (i.e.
substation transformer).

Fig. 092-4. Grounding connections for nonshielded cables over 750 V (Rule 092B2a).

Shielded cables with an insulating jacket must be grounded as shown in
Fig. 092-7. S
Shielded cable without an insulating jacket that is buried in direct contact
with the earth has an advantage of being grounded all along its length. However,
direct-buried shielded cable without an insulating jacket is susceptible to corro-
sion. The insulating jacket can prevent corrosion of the shield or concentric neu-
tral, but grounding is not as effective. Shielded cables with an insulating jacket
may need to have a section of jacket removed and a ground attachment made to
meet the multigrounding requirements of Rule 096C. The same applies to both
bare and jacketed concentric neutral cables installed in conduit. .
'092B3. Separate Grounding Conductor. If a separate grounding conductor is
used on an AC system to be grounded as an adjunct (joined addition) to a cable
run underground, there are several conditions that apply. The separate grounding
conductor must be connected directly or through the neutral to items that must
be grounded. The conductor must be located as shown in Fig. 092-8.
Adjunct (joined addition) grounding conductors are typically used with
shielded supply cables. If the shield on the supply cable is not a sufficient
size to carry neutral current or fault current, an adjunct grounding cable can

.[transformer).
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Cable terminator
Connection between
cable shield and surge .
arrestor ground required
at primary riser locations. .
L
S
e Ph%?o
Fig. 092-5. Surge arrester cable—shielding interconnection (Rule
092B2b(1)).
- Cable with a concentric .
neutral or shield without an

«.| insulating jacket covering it.

To load

A grounding conductor

connection must be made
|at the neutral of the source
transformer (i.e. substation

A grounding conductor

connection must be made
at cable termination points
(e.g. pad mounted junction
boxes, risers, pad mounted]

transformers).

Fig. 092-6. . Grounding points for a shielded cable without an insulating jacket (Rule 092B2b(2)).

See
Phote
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Cable with insulating
jacket over concentric
neutral or shield

» Additional bonding is recommended.

* On multi-grounded systems each cable
joint exposed to personnel contact must
be grounded. .

* If electrolysis or shield-current problems
exist and multi-grounding is not used, the
splices must be insulated.

« Bonding transformers or reactors may be
substituted for the ground connection at
one end of the cable.

Rule 092B3

Fig. 092-7. Grounding points for a shielded cable with an insu-

lating jacket (Rule 092B2h(3)). .

Adjunct grounding Adjunct grounding

conductor located with conductor can be

circuit conductors. inside or outside a
nonmetallic conduit.

EASAAIANEN X
RS
N0
AN SN
AR
NN D INDIND
e
A e 0
R Tl R
g\% ARG
Direct burial Nonmetallic {e.g., PVC) conduit

Adjunct grounding
conductor must be
inside a metal

Metal conduit

/Metal conduit

—

EXCEPTION:
Adjunct grounding conductor
can be run outside of metal
conduit if bonded at both ends.

Fig. 092-8. Separate {adjunct) grounding conductor (Rule 092B3).

- 092D. Current in Grounding Conductor.
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be used. An adjunct grounding conductor should not be used to replace a cor-

roded concentric neutral conductor in a direct-buried cable. Rule 350B

requires that a direct-buried cable operating above 600 V have a continuous

metallic shield, .sheath, or concentric neutral. The adjunct grounding con-

ductor can be used to supplement the concentric neutral but not replace it if-
it has corroded away.

092C. Messenger Wires and Guys

092C). Messenger Wires. The point of connection of the grounding conduc-
tor to messenger wires that are required to be grounded by other parts of the
code is shown in Fig. 092-9.

Communications messenger wires on joint-use poles are required to be
grounded in Part 2, “Overhead Lines,” to meet certain clearance and grade of ¢
struction requirements. The messenger must meet certain ampacity and stren’
criteria defined in Rules 093C1, 093C2, and 093C5. The four grounds per mile rule
appears here for the first time in the Code. It is discussed in detail in Rule 096C.
092C2.- Guys. -The point of connection of the grounding conductor to guys that
are required to'be grounded by other parts of the code is shown in Fig. 092-10.

Guys must be either grounded or insulated per Rule 215C2 and Rule 279A2.
If they are grounded, they must be grounded using the methods in this rule.
092C3. Common Grounding of Messengers and Guys on the Same Supporting
Structure. When messengers and guys are on the same supporting structure
and they are required to be grounded by other parts of the Code, they must be
bonded together and grounded by the connection methods listed in this rule.
The methods listed are a combination of the messenger and guy connection
requirements. When a messenger and guy are on a common crossing structure,
they must be bonded together at that structure and grounded. For structures
other than crossing structures, the common grounding of messengers and guys
must be done at least four (or eight) times in each mile but not at any specific
structure, Common bonding and grounding of a messenger and guy at a com-
mon crossing structure are shown in Fig. 092-11. :

092 This rule recognizes that m
grounded systems, for example, a 12.47/7.2-kV, three-phase, four-wire circuit

_that has four or more grounds per mile may develop objectionable current flow

on the grounding conductor. This rule provides methods to alleviate the objec-

" tionable current flow.

Objectionable current flow may exist due to stray earth currents or other rea-

.~ sons. Fault currents and lightning discharge currents are not considered objec-
_ tionable current flows when applying this rule.

092E. Fences. When fences are required to be grounded by other parts of

- this Code, they must be connected to a grounding conductor as shown in

% ‘Fig. 092-12. '
" -2 This rule provides both specific requirements for fence grounding (Rules
- 092E1 through 092E6) and general requirements by noting IEEE Standard 80,

which is the industry standard for substation grounding information. An
example of substation fence grounding is shown in Fig. 092-13.

Fence mesh strands are only required to be bonded if the fence posts are
nonconducting. For conducting (metal) fence posts, the fence mesh must be
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-7W—
o F

o Metal supporting structure (pole). ‘
y y Guy connection to grounded metal pole.
T - ’ | pre——
If messenger wire is an adequate -
system grounding conductor per . E
Rules 93C1, 93C2, and 93C5, ; /. -
then four connections in each f e

mile are required. e Guys required to be
if not, then, eight connections are i S grounded must be connected
@ required in each mile exclusive of ‘ to one or more of these. - =

See - service grounds. - |
Photo . f ]

Nonmetallic supporting structure (wood pole).

Fig. 092-9. Grounding of messenger wires (Rule 092C1). Guy connection to effective ground (pole ground

=

under tension and electrically connected to the post for the mesh to be : fr 1 :M?—

grounded. In the example shown in Fig. 092-13, the grounding conductor feed E

up to the barbwire strands is woven through the chain-link mesh for added E e
grounding continuity. ' -

093. GROUNDING CONDUCTOR AND MEANS ; "

OF CONNECTION ' 3

093A. Composition of Grounding Conductors. Grounding conductors can be '

copper or other metals or combinations of metals that will not corrode during . -

their expected service life under the existing conditions. Surge arrester con-
nections must be short, straight, and free from sharp bends. Metallic electrical

- Guy connection to neutral conductor
that has at least 4 grounds in each

equipment cases or the structural metal frame of a building can also be used as k. mile in addition to service grounds.
a grounding conductor. Many utilities use copper for the entire length of the : E . )
grounding conductor. Some utilities use aluminum or ACSR. Typically, the alu- : - Fig. 092-10. Grounding of guys (Rule 092C2).
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"“-F / Communications Messenger '

A\

Meutral

Messenger and guy
required to be bonded §
'] and grounded on the

common crossing pole.

.

Fig. 092-11. Common grounding of messenger and guy on a crossing structure (Rule 092C3b).

minum or ACSR is used above grade, spliced to copper, which then runs below
grade. Some utilities utilize copper-coated steel. Copper substitutes have
become popular due to copper theft.

Never should the grounding conductor have a switching device unless all the
conductors to the equipment are disconnected at the same time. Other excep-
tions include high-voltage DC systems, testing under competent supervision,
and surge arrester operation. This rule provides an important note stating that
the normally grounded base of the surge arrester may be at line potential (fully
energized) following the operation of the disconnector.
093B. Connection of Grounding Conductors. The connection between the
grounding conductor (pole ground) and grounded conductor (neutral) must be
made considering the metals involved and exposure to the environment. The
connector must not corrode and must be rated for the type of metals it is con-
necting. Dissimilar metals connected together with an improper connector will
set up a battery action which will accelerate corrosion. Soldering is not accept-
able except on lead sheath cable, as fault currents will produce enough heat to
melt the solder. Suitable connection methods are shown in Fig. 093-1
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Chain link fence

o}
k
3
x
K

$

e —%
L)

’<';_'|' Barb wire strands (if used) must be bonded.

Bond fence mesh strands and *
F barb wire strands if fence posts are

nonconducting.

Grounding conductor must be
connected to the fence posts
(spacing determined by |IEEE Std.
80 or other method).

A buried bonding jumper
must be used across the
gate.

Gates must be bonded .
(typically done with a flexible braid).

o]

Ground on each side of gate‘,:>—_-
Fig. 092-12. Fence grounding (Rule 092E).

Bonded barbwire strands.

it

Buried jumper across gate
. Grounding conductor
Gate bonded with a flexible connection to fence posts
braid. (spacing determined by
i IEEE Std. 80 or other
Ground on each side of gate. method). :

Fig. 092-13. Example of fence grounding (Rule 092E).
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Short-time ampacity for a single-grounded system is shown in Fig. 093-3.

Short-time ampacity for a multigrounded AC system is shown in Fig. 093-4.

Rule 093C2 references Rule 093C8, which also specifies ampacity limits based
on the ampacity of phase conductors and grounding electrode resistance. The one-
fifth ampacity requirement applies to the normal operating current, not to the short-
time fault ampacity. An example of pole ground sizing is shown in Fig. 093-5.

In addition to checking the pole ground to the primary neutral, the service
transformer neutral should also be considered. A bare AWG No. 6 copper pole
ground connected to the neutral of a large secondary service may not have the

..
Sea e Moty
e s L

Neutral (Grounded conductor)

. P g
Permissible Connecting Methods: % ;

/g

. 5&:@:}% : 4 required one-fifth ampacity of the secondary neutral. Large secondary services
* Mechanical /Pole ground i require careful application of Rules 093C2 and 093C8.
¢ Compression (grounding conductor) § In addition to single-grounded and multigrounded system requirements,

¢ Ground clamps ’ ;
o Ground straps
Soldering is NOT acceptable unless
done in conjunction with lead sheaths.

Rule 093C requires AWG No. 12 copper or larger conductors to grou
instrument transformers and AWG No. 6 copper or AWG No. 4 aluminum
larger conductors to ground primary surge arresters. The primary surge
arrester rule has an exception permitting use of copper-clad or aluminum-
clad steel wires:

Grounding conductors for equipment, messenger wires, and guys must have
a short-time ampacity based on the available fault current and operating time of
the circuit protective device. If the circuit does not have an overcurrent or fault
protection device (e.g., fuse, recloser, relay, controlled circuit breaker, etc.), '
then the design and operating conditions of the circuit must be analyzed
and the grounding conductor cannot be smaller than AWG No. 8 copper. If a

+— Fault protective device
(e.g. fuse, recloser, relay
controlled circuit breaker)

Ground rod
E (grounding electrode)

ee
ioto

Fig. 093-1. Connection of grounding conductor to grounded conductor (Rule 093B).

093C. Ampacity and Strength. This rule lists short-time ampacity requirements
for bare and insulated grounding conductors. A bare conductor can carry a larger
fault current than an insulated conductor of the same size because melting or dam-

g I TR g [y 23T A

aging the bare conductor is the limiting factor. The insulated grounding conductor
has the additional constraint of not damaging the insulation. See Fig. 093-2. ) il Phase conductor
Short-time ampacity of both bare and insulated conductors can be obtained Slnglte ?ro%nde%sys‘tfem 4 — Phase conductor '
from conductor manufacturers, The charts used to obtain this information are g:)e:l:r:atig?o::se dc;r n::se
typically referred to as short-circuit withstand charts. _
. 3 Grounding conductor—s |
—=—Bare #6 Cu ~=—Insulated #6 Cu ; |
Grounding conductor g Grounding conductor 4\_~—— Phase conductor
k5] ; ‘
Short time ampacity: = Short time ampacity: ; — . :
Fault current for a specific E <‘,: Fault current for a specific I::r:::]t?ar:igt?gz iﬂﬁ:ﬁ%]'tsp?ce)::g\'/gegewc;hzjger‘;‘g;es':r
tlmﬁ du;atlon that:1 does :;ott § tlmﬁ du;atlon that:]does ZOtt ~|relay, etc.) and the available fault current determined by ,
melt or damage the conductor.| | g melt or damage the conductor. analyzing the system impedance. If this cannot be readily
determined, then the grounding conductor must be sized to
| «| the full load continuous current of the supply transformer.

Fig. 093-2. Short-time ampacity of bare and insulated grounding conductors (Rule 093C). Fig. 093-3. System grounding conductor for single-grounded systems (Rule 093C1}.
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Fault protective device (e.g., fuse,
/ recloser, relay controlled circuit breaker)

Phase conductor
LAY

Phase conductor
tl =
Multigrounded

A.C. system

Neutral conductor

Phase conductor

=1

The grounding conductor (pole ground)
ampacity must not be less than 1/5 (20
%) of the grounded conductor {neutral)
ampacity.

Fig. 093-4. System grounding conductors for multigrounded alternating current systems (Rule 093C2).

conductor enclosure (i.e., rigid steel conduit) is connected to a metal equip- .

ment enclosure with suitable lugs, bushings, etc., the metallic conduit and
metallic equipment path can be used as an equipment-grounding conductor.
When grounding conductors are used, they shall be connected to a suitable lug,
terminal, or other device without disruption.

The ampacity and strength of the grounding conductor used for grounding
fences must also have adequate short-time ampacities or must be St WG No. 5
or larger.

Bonding of equipment frames and enclosures must consist of a metallic
path back to the grounded terminal of the local supply. If the supply is
remote, metallic parts within reach must be bonded and connected to
ground.

Rule 093C8 specifies an ampacity limit such that no grounding conductor
needs to have an ampacity greater than either:

¢ The phase conductor that would supply the ground fault, or

¢ The maximum current in the grounding conductor calculated by dividing

the supply voltage by the electrode resistance .

Consider an example related to Rule 093C8b. Assuming a 7200-V phase to
ground circuit and assuming a 25-Q ground rod resistance, 7200 V divided
by 25 Q =288 A. For a 120/240-V secondary, 120 V to ground divided by a
25-Q ground rod resistance would be 4.8A. Rule 093C8 may limit the size of
the ground wire specified in other parts of Rule 093C based on required
ampacity. Secondary services may have large grounded (neutral) conductors;
however, the grounding (pole ground) conductor size may be limited by
applying Rule 093C8. In this example, the assumption of a 25-Q ground rod
resistance is just that, an assumption. Ground rod resistance will vary by

DS Caw et
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VIOLATION! :
Pole ground must be rated
at least 1/5 (730A) = 146A.

-#6 Cu pole ground
(120A rating)

"

Fig. 093-8. Example of pole ground ampacity (Rule 093C2).

.?t;lpe of 50il, moisture in the soil, length-of rod, etc. Field measurements A

taken to determine actual ground rod resistance.

-The mechanical strength of grounding conductors must be suitable to the

~conditions they are exposed to (i.e., lawn mowers, weed eaters, car bumpers,

K

_/etc.)..Unguarded grounding conductors must have a tensile strength equal to

,u

“ or.greater than AWG No. 8 soft-drawn copper except for conductors noted in

; Rule_093C3 (i.e., AWG No. 12 copper for instrument transformers).

“093D. Guarding and Protection. Guards over grounding conductors are only
“required for single-grounded systems that are exposed to the public. If the ground-
 ing electrode is on a single-grounded system that is not exposed to the public (i.e.,

“in-afenced substation), it does not have to be guarded. Grounding electrodes on
B .multlgrounded systems are not required to be guarded even if they are exposed to

mechanical damages. A multigrounded system requires at least four grounds per
-mile, and Rule 214 requires inspection of overhead lines. These two requirements

“provide a method to assure safe grounding on multigrounded systems; therefore,
‘guards on multigrounded systems are not required. Even if guards are not
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surface (e.g. staple).

*Where practical, locate on side
of pole with least exposure to
damage (e.g. away from car
bumpers in a parking lot).

Where guarding is not required:
«Substantially attach grounding
<:: conductor close to the pole
)

Where guards are required:

«Strong enough for anticipated
damage.

+At least 8 feet abave ground
or other surface.

T

See .
Photo v

Fig. 093-6. Requirements for grounding conductors with or without guards (Rules 093D2
and 093D3).

required, they can be installed. If guards are not required but they are installed,
they should be installed in a manner as if they were required.

Rules 239D and 360A also provide guarding requirements for various conduc-
tors. If guarding of the grounding conductor is required, guards must be suitable
for the damage to which they will be exposed. If guarding of the grounding con-
ductor is not required, a typical installation method is stapling the grounding con-
ductor to a wood pole. The requirements for grounding conductors with or
without guards are outlined in Fig. 093-6.

Rule 093D4 recognizes that an inductive choke is created when a conductor is
run through a metallic raceway. This can create hazardous voltage during light-

" ning strike or fault conditions. The Code requires a nonmetallic guard (e.g., con-
duit) to avoid this condition. The strength of nonmetallic materials (i.e., plastics)
has increased to the point where they can be used for protection without cracking
or breaking. A U-shaped metallic raceway is acceptable, as it does not completely
enclose the grounding conductor. If a metallic guard similar to a steel pipe or rigid
metal conduit is used, it must be bonded to the grounding conductor at both ends,
as shown in Fig. 093-7.
093E. Underground. Grounding conductors laid underground require slack due
to the earth’s settling. Direct-buried joints or splices must be made with
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3
I

o If a metallic guard completely

M encloses the grounding conductor,
\tﬁ: it must be bonded at both ends

to the grounding conductor.

Fig. 093-7. Requirements for a metallic guard that completely encloses .
the grounding conductor (Rule 93D4).

corrosion resistance in mind. Corrosion must be kept to a minimum. A cable
insulation shield (e.g., concentric neutral, metallic foil, braid, etc.) must be
connected to other grounded equipment in underground enclosures. Looped
magnetic elements must not be positioned between the grounding conductor
and the phase conductors.

The metals used for grounding in earth, concrete, or masonry must not cor-
rode. This rule specifically notes that aluminum is not generally acceptable
when used underground. An example of an aluminum ground wire that tran-
sitions to copper for underground burial is shown in Fig. 093-8.
093F. Common Groundlng Conductor for Circuits, Metal Raceways, and Equip-
ment. This rule allows one common grounding conductor for both the supply
system (neutral) and equipment (e.g., a recloser) where the ampacity of the
grounding conductor is adequate for both. Ampacity for the system grounding
conductor and equipment grounding conductor is discussed in Rule 093C. An
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i
e =

/_/—Aluminum grounding conductor

Aluminum/copper connector to
L transition aluminum qroundin
<:::' conductor to copper for burial.
Aluminum is generally not
- acceptable for burial.

L - Copper grounding conductor

Eas

See
Photo

Fig. 093-8. Example of aluminum grounding conductor tran-
sitioning to copper for burial (Rule 093E5).

example of one common grounding conductor for the circuit and equipment is
shown in Fig. 093-9.

094. GROUNDING ELECTRODES

Grounding electrodes can be existing electrodes or made electrodes. Existing

electrodes are existing conductive items buried in the earth for a purpose other
than grounding but can also serve as a grounding electrode. Most utilities use
made electrodes, which are purposely constructed and buried to serve as
grounding electrodes. Requirements for existing electrodes are outlined in Figs.
094-1 through 094-3.
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> 9

Example of common .
grounding conductor for
neutral and equipment.

Fig. 093-9. Example of common grounding conductor for neutral
and equipment (Rule 093F).

Made electrodes must penetrate the moisture level and be below the frost
" line. They must be metal or combined metals that do not corrode and they must
- not be painted, enameled, or covered in any way with an insulating mategigl.
_ The driven ground rod is the most commonly used made electrode. Re -
" ments for made electrodes are outlined in Figs. 094-4 through 094-11.

N S RN

Cold water municipal
water system:

«Use in the past was
very effective.

»Today's use may not
be suitable due to
nonmetalic sections
and fittings.

Yo A u
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KKK R, . o ; R, R AR diameter.
I IO, | #Verify nonmetalic piping is { ESSSNANN IO
LR R R AR . .
SN //\\\/ \\\//\\\//\\\//QB//Q\//\\\\//\\\//\\\}/\\\/ not used. i _\///\\\Sectllgmg\\_7>\\ W *Copper-clad, stainless steel, or stainless
LKL R . ¥ & goupling RKIKIRK steel-clad must be at least 1/2" dia
I NN ; X (optional) sl PN NN, L=
LR KRR, : ¥ AR RAEAARA
AN NN NN AN AN NN o OIS NN eLonger rods or multiple rods can be
;//\\\;/}\\\\j//i\\;\ Y/ @@%@W _ 4 W ///;\\:‘{Z%\Z%\\t/jﬁ used to reduce ground resistance.
;;\\\/Z\§>Z\\\\\/ W Q&Bﬁ;ﬁ;ﬁ;ﬁf\\\;ﬁ\\\/ﬁ e :///ii///t\\;///i\///i\i//%\ ///i\///\\\\\i//(\\i\///i\i//; #Spacing between rods not less than 6.
SIS 3 MO : 3 NN R
MAPAVAN in well casing s>\ NN i Rk KRR A . .
R ALK x/g\//<>\//>\//, . 5 7/\\\///\\///\\\///\\///%\ ///\\///\\\7//\\///\\/// +Driven depth must be 8" or more and top
7/\1\///\\\\\///\3(/ i\///\i\///\i\///\t\//}\\///\\\///\\\\\//}\t\{ : i \///\\\///Q\\///\\\}//\\\///\\\ ///\\//)\\\///\\\///\\\///\ end must be flush with or below grade or
NN N NI - CNANANANENT KON AN suitably protected.
R XARGRRLRAARL, DR Rkes
W W\W . | }/'Q\@XQM///\\; ‘27/\?4}\\/&\\\/4,—@///\ «Exception: If rock is encountered, then
< WA N .\‘ N /ANANANAN. o g N N N AN N NN N . I '
Fig. 094-2. ) Existing electrode—local (water piping) system (Rule 094A2) ((\\//A‘(/(\\//(\«(/(\\/(\‘\//(\\{/(\\//(\@ g:;te:e?%?;z g}aeyleb;roeds: ::ha?lnbee S;e d.
eException: 7.5' of driven depth can be
used in pad mounted enclosures,
j B vauits, etc.
& N N | 8 ion: imensi
R NG ¥ . s o w6 oot o o
'Q)&\‘g/@/ \/\\\éﬂ\/ g /Q,Q\*?\/ < & . ground resistance if supported by a
(//Q/ s 3 )\%% S M/\(:i \» 2 | & qualified engineering study. .
A A S5 : ¥ | @
%(/;3\\//%; ) /§\>/\A 4 Fig. 094-4:- Made electrodes—driven ground rods (Rule 094B2).
NN — KR B o
N, > N } ¥
QU SN QYN it o
>/\\>/>\>\\>/>\}///\§>/>\§//)\ﬁ?/>§>/>\\>/>\}/>\}/>‘§//>\\§ ¥ 095. METHOD OF CONNECTION TO ELECTRODE
The connection to the grounding electrode must be permanent (except for

Steel reinforcing bars in concrete

removal due to inspection or maintenance) and be mechanically sound, cor-
foundations and footings: -

Foundati (ol sul rosion-resistant, and have the required ampacity for the fault current to
«Foundation or footing not insulated E which it will be subjected. Suitable connection methods are shown in
from contact with earth. B Fig. 095-1
«Buried at least 3’ below grade. : The Code also has specific rules for connecting to steel framed and non-steel-
Steel structure on top of foundation framed structures. T.he connection to water piping systems is also outlined.
can be used as a grounding : When water piping is used as the grounding electrode, bonds must be made
conductor when bonded to the . around meters or other removable fittings.
anchor bolts and reinforcing bars. kB The Code {(in Sec. 094, “Grounding Electrodes”) does not list gas piping as an
’ acceptable electrode. Made electrodes or grounded structures should be separated

Fig. 0943, Existing electrode—steel reinforcing bars in concrete foundations and footings (Rule 094A3). ‘ 3 from high-pressure (150 1b /in? or greater) pipelines containing flanimable liquids
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Buried wire (counterpoise):

*Used in areas of high soil resistivity, or shallow bedrock,
or where lower resistance is required than obtainable with
rods.

*Material must be suitable for direct burial.

*Must be at least 0.162" in diameter and at least 100’ long.

«Must be buried at least 18" deep. -

*Must be laid as straight as possible.

* May be arranged in a grid.

*Exception: 18" depth may be reduced for rock.

* Exception: Other lengths and configurations are
acceptable using a qualified engineering study.

Fig. 094-5. Made electrodes—buried wire (counterpoise) (Rule 094B3a).

R R A R R RO LR SIS
NS 0

Burled strips:
* Must be 10' total length or longer.

e Must have total (two sides) surface not less
than 5 sq. ft., (e.9.10' long by 0.25' wide).
* Must be buried at least 18" deep.

* Ferrous metal must be at least 1/4" thick.
» Nonferrous metal must be at least 0.06" thick.

* Used for rocky areas with irregular shaped
pits of excavation.

fig. 094-6. Made electrodes—buried strips (Rule 094B3b).

Rule 095

H <‘: counted as one, therefore 8 grounds
per mile are needed instead of 4 on

GROUNDING METHODS: SUPPLY & COMMUNICATIONS FACILITIES

Burled plates or sheets:

*Must have at least 2 sq. ft. of surface
.exposed to soil. Therefore, 1'x1" if both top
and bottom are exposed to soil. If top was
exposed to soil and bottom was exposed to
rock, then, 1'x2' would be required.

*Must be buried at least §' deep.

*Ferrous metal must be at least 1/4" thick.

* Nonferrous metal must be at least 0.06"
thick. :

Fig. 094-7. Made electrodes—buried plates or sheets (Rule 094B3c).

*Inadequate in most locations, only to
be used in areas of low soil resistivity.

* Two of these type of electrodes may be

multigrounded systems.

* Can not be the sole grounding
electrode at transformer locations.
Must supplement with a ground rod or
other electrode.

Pole butt plates and wire wraps: @

Pole butt-plate
* Ferrous: Not less than
1/4" thick.

*Nonferrous: Not less than
0.06" thick.

*Not less than 0.5 sq. ft.

Wire wrap
* Not less than 12' in
length. -

* Must extend to pole
bottom.

* Not smaller than AWG
No. 6.

Fig. 094-8. Made electrodes—butt plates and wire wraps (Rule 694B4).

1
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‘ B Wire or rod
4 in concrate
VIOLATION! L
| [
Pole butt plates and wire ‘| Concrete encased electrodes:
wraps can not be the sole
grounding electrodes at : e Wire or rod suitable for burial and concrete encasement.
transformer locations. A L e Top of concrete not less than 1' below grade, 2.5'is
ground rod (or other electrode) 1+ recommended.
must be added to these poles. % @ Wire not smaller than AWG No. 4 if copper, or 3/8"
' diameter or AWG No. 1/0 if steel.
Fig. 094-9. Made electrodes—butt plates and wire wraps at transformer locations (Rule 094B4a). 3 i o Not less than 20’ long inside the concrete.
e Run as straight as practical.
2 o Shorter pieces arrayed similar to a structural footing is
g
gSemiconducting jacket % Direct buried concentric 17 . acceptable.
neutral cable: i e May be more practical or effective than driven rods,
\ eBare concentric neutral or . i strips, or plates.
Concentriq neutral concentric covered with a ¥ a e Exception: Other lengths and configurations may be .
covered witha semiconductive jacket o B used per a qualified engineering study.
semiconcucting jacket with a radial resistivity of 1 -
(100 m - Q or less) 100 m - Q orless. g4 Fig. 094-11. Made electrodes—concrete-encased electrodes (Rule 094B6).
100" length required. JE
7 A/ «Burial depth per Part 3 i to Zup;;iy nei:lin'al gas to hox.nes.' The requlremepts for separating grounding elec-
e of the NESC. : trodes from high-pressure pipelines are shown in Fig. 095-2.

.

Rule 095C requires that the connection to the grounding electrode be free
i from rust, enamel, or scale. This can be done by cleaning or using fittings that
\_ : penetrate such coatings.
Bare concentric '
neutral on URD cable
fig. 094-10. Made electrodes—direct-buried concentric neutral cable (Rule 094B5).

x

— —
—_——

096. GROUND RESISTANCE REQUIREMENTS

or gases by a distance of 10 ft or more. No distances are specified for separating ; The main intent of Rule 96 is to assure a grounding resistance low enough to
grounding electrodes from low-pressure gas lines. High-pressure pipelines are permit prompt operation of circuit protective devices (e.g., fuses, reclosers,
used as transmission facilities. Low-pressure pipelines are most commonly used i relay-controlled circuit breakers).
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__ Phase

[

Neutral (Grounded conductor)

_JG

Pole ground
/ {grounding conductor)

Permissible Connecting Methods:
e Ciamp fitting
¢ Braze
* Weld
¢ Bronze plug tightly screwed

ik

/Ground rod : de)
(grounding electrode
Ras

See
Photo

Fig. 095-1. Connection of grounding conductor to grounding electrode (Rule 095A).

096A. Supply Stations. Supply stations normally require extensive grounding
systems consisting of a ground grid or mat combined with grounding elec-
trodes. They are designed to limit touch, step, mesh, and transferred potentials.
The Code notes IEEE Standard 80 as a reference for substation grounding.
096B. Single-Grounded (Unigrounded or Delta) Systems. Single-grounded sys-
tems, typically grounded wye transmission systems that do not carry a neutral
and are grounded only at the source transformer, must have a ground resistance
not exceeding 25 Q. This rule states that if a single electrode exceeds 25 Q, then
two electrodes in parallel must be used. The Code does not specifically comment
on what happens if the second electrode does not bring the ground resistance
below 25 Q; however, the main idea of this rule is to have a ground resistance low
enough to permit prompt operation of circuit protective devices.

096C. Multigrounded Systems. Multigrounded systems are the most common
type of distribution system. A typical 12.47/7.2-kV, three-phase, four-wire
grounded-wye distribution system is multigrounded. For a system to be multi-
grounded, the following must occur:

e o

e

W e
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If 10' cannot be met, electrical
interconnection of the grounding
electrode and pipeline is required.
Cathodic protection is then required
, to protect the electrode and pipeline
it as a single unit. HVDC systems

may require special attention.

e High pressure (> 150 lb./in2)

k pipeline with flammable
g 10 @ liquid or gas
\— Made electrode (ground

rod) or grounded structure

Fig. 095-2. Grounding electrode separation from high-pressure pipelines (Rule 095B2).

¢ The circuit must have a neutral of sufficient size and ampacity. ‘

* The neutral must be connected to a grounding electrode at each trans-

former location.

¢ The neutral must be connected to a grounding electrode not less than four

times in each mile of the entire line. The grounds at transformers can be
counted in the four grounds in each mile, but the grounds at individual serv-
ices (i.e., meters) cannot be counted.

The intent of a multigrounded system is to always carry a neutral and to have
four grounds in each mile of the entire line. To check the four grounds in each
mile, a “one-mile window” can be used. Examples are shown in Fig. 096-1.

The Code does not specify a ground resistance for multigrounded systems.
The Code notes that multigrounded systems are dependent on the multiplicity
of grounding electrodes, not the ground resistance of any individual electrode.

For underground installations where the supply cable has an insulating
jacket over the concentric neutral or the supply cable is in conduit, the cable
must be terminated and grounded four times in every mile. If an express
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Secondary service (meter)
(Ground CANNOT be
counted
Pole on distribution line ’)/

12.47/7.2kV, 30, 4W Transformer pole —

One mile window 'EI {Ground CAN be Secondary service

4 ground per mile counted)- conductor 120/240V,
| \‘4 19, 3W

} \' R — — - - §——s
5\ g L
Distribution substation \. Pole ground

VIOLATION!

When one mile window is moved,
only 3 grounds exist. Additional
grounding is required as 4 grounds
are required IN EACH MILE.

4
[
-

1}

]
}_‘L_
1<
H

.||—4[
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.||—-<

hd
=

The one mile window can
also be bent to check taps.

-4 ﬁ
A

H
a4

H
s

Fig. 096-1. Example of checking “four grounds in each mile” (Rule 096C).

direct-buried underground feeder is constructed with an insulating jacket but
without frequent termination points, the cable jacket must be stripped back
and a suitable grounding electrode must be connected four times in each
mile. If a supply cable has a semiconducting jacket, the cable can be treated
similar to a bare concentric neutral cable and the jacket does not need to
be stripped back for grounding. The semiconducting jacket must not exceed
100 mQ radial resistivity. Use of semiconducting jacketed cable is not very
common due to the fact that these cables are higher in cost than insulated
jacketed cable.

Rule 096 provides an exception to the four grounds in every mile for under-
water crossings. Grounding on each side of the underwater crossing should be
given special attention to make up for any lack of grounding in the underwater
portion of the cable.

———
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097. SEPARATION OF GROUNDING
CONDUCTORS

Rule 097A requires that separate grounding conductors be run to separate
grounding electrodes for primary surge arresters over 750 V, secondary cir-
cuits under 750 V, and shield wires. But Rule 097B allows a single ground-
ing conductor and single grounding electrode if a ground connection exists
at each surge arrester location and the primary neutral or shield wire and
secondary neutral are connected together. When the primary and secondary
neutrals are connected, Rule 097C requires the common neutral to be multi-
grounded (see Rule 096C). Rule 097A is typically applied in conjunction
with Rule 097D1. An example of this application is a delta-delta transformer
bank fed from an ungrounded primary system as shown in Fig. 097-1.

Rules 097B and 097C are typically applied to grounded-wye—groun‘-
wye three-phase systems and grounded-wye single-phase systems fed from
a multigrounded primary system as shown in Fig. 097-2.

On multigrounded systems the primary and secondary neutrals should be

_interconnected. The NESC uses the word “should” in this case, not “shall,”

as there are times when separation of primary and secondary neutrals on a
multigrounded system is applicable. The most common reason for separat-
ing primary and secondary neutrals on a multigrounded system is to minimize

c a
Q& Q Q
b § § $
180° Angular Displacement ?| T N
) Transformer tank-{~ Transformer tank
‘Separate primary and Transformer ___[Transformer tank
secondary grounding mounting bracket
conductor and grounding Seconda
electrodes for a delta- Neutral Y
delta bank fed from an
ungrounded primary No. 6 Cu No. 6 Cu
system. Insulated
Lol
la—20:

Electrical Grounding-Diagram

Fig. 097-1. Example of separate primary and secondary grounding (Rules 097A and 097D1)




R

48 GENERAL SECTIONS Rule 097

— ’ — Transformer
secondary
neutral bushing

b m—— - Transformer case
| with case mounted

x Common primary and arrestor
secondary neutral
connected to single
grounding conductor and :> | ey

grounding electrode. ﬁ:ﬁggldary Primary neutral
Single phase transformer
fed from a multigrounded
primary system.

No. 6 Cu

Ground rod

Electrical Grounding Diagram

Fig. 097-2. Example of a common neutral with single grounding (Rules 097B and 097C).

stray voltage on the secondary neutral imposed by the primary neutral. The
requirements separating primary and secondary neutrals for stray voltage or
other valid reasons are outlined in Fig. 097-3.

If a made electrode is used to ground surge arresters on an ungrounded
system exceeding 15 kV phase to phase, the NESC requires that the ground
rod(s) be at least 20 ft from buried communication cables.

Rule 097G focuses on grounding requirements for joint-use poles. If separate
grounding conductors (pole grounds) are run to the supply neutral and the
communications messenger, a bond between the pole grounds should be
added. If a single grounding conductor (pole ground) is used on the joint-use
pole, it should be connected to both the supply neutral and the communica-
tions messenger. Most utilities use a single-pole ground for grounding both
power and communications. The single-pole ground method will require a
review for special cases like the delta-delta transformation or for stray voltage
applications discussed in this rule.

098. NUMBER 098 NOT USED [N THIS EDITION.

099. ADDITIONAL REQUIREMENTS FOR
COMMUNICATION APPARATUS

This rule outlines how to ground communication apparatus when grounding
is required in other parts of the Code. This rule references Note 2 of Rule
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Separating primary and secondary neutrals for
stray voltage:

# e Separate primary and secondary grounding

conductors and grounding electrodes are required.

® Spark gap device with 60 hertz breakdown voltage
of 3KV or less must be used. '

® Grounding electrodes must be 6’ apart or mor’

o Primary or secondary grounding conductors must be
insulated for 600V.

® Coordinate with phone, CATV, or other utilities to
verify a communications ground or sheath is not
maintaining primary and secondary bonding at the
transformer or at a remote location.

[~ Transformer case
with case mounted

arrestor
Seconda
neutral 24 I— Primary neutral
Spark gap M .
device {—— Spark gap devnce..
No. 6 Cu
insulated —=

|-=—— No. 6 Cu ‘
| Ground

= rods

6 —=

Electrical Grounding Diagram

Fig. 097-3. Separating primary and secondary neutrals for stray voltage (Rule 097D2).

097D2, which discusses cooperation between supply and communications
employees to isolate primary and secondary neutrals (typically for resolving
stray-voltage problems).

A communications grounding conductor shall preferably be made of copper
or other material that will not corrode and shall not be less than AWG No. 14.
The communications grounding conductor must be connected as shown in
Fig. 099-1. .

A separate communications ground rod is not required per Rule 099A. If a
communications ground rod is used because a supply service does not exist,
the communications ground rod may be smaller in diameter and length per the
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Communications =

protector ]
_-HH =F— 5

Communications grounding

conductor:

o Preferably copper or other
noncorrosive material.

RN

Communications T
service conductor—

in conduit — B o Awg #14 minimum size.
ey TR O P __[ e Attach to grounding electrode with
— bolted clamp or other suitable
ml I —1 .| method.
Connect to:

1. Grounded supply service electrode,
Grounded supply service metallic conduit,
Grounded supply service equipment enclosure,
Grounded supply service grounding electrode conductor, or
Grounded supply service metal enclosure.

2. If these items in 1 are not available, then use existing
grounding electrodes described in Rule 94A.

3. If items in 1 & 2 are not available, then use made electrodes
described in Rule 94B. Exceptions apply to ground rod
diameters and lengths.

Fig. 099-1. Additional requirements for communications grounding (Rules 099A and 099B).

exception to Rule 099A3. However, if a supply service does exist and a com-
munications ground rod is used to supplement the supply grounding system,
the exception to Rule 099A3 permitting smaller rods does not apply. Rule
099A does not prohibit a supplemental communications ground rod, but only
if the supply service does not exist can the smaller communications-size
ground rod be used. If a standard-size ground rod (per Rule 094B2) is used for
communications grounding to supplement the supply ground rod, an AWG
No. 6 copper or equivalent jumper must bond the two ground rods together as

shown in Fig. 099-2.
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‘Communications protector-

. Communications service

1 ==
N a=ro L
I =

‘conductor in conduit ~

—'—'C-ﬂl'l'lrl:ll'lljl._lﬂicaﬂans Suop! p
rounding —— | 1 Su roundin
1 gunducbur . coxegu)::t%r

Supplemental

communications ground rod =

" e
1 r |7$upply ground rod

Bond not less than AWG #6 Cu
or equivalent.

Fig. 099-2. Bonding of communications and supply electrodes (Rule 099C).
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=
L~ Supply meter/main

'| “:_ . 0
i — Supply service conduit




Article 800 — Communications Circuits

ARTICLE 800
Communications Circuits

Summary of Changes

* Reorganized and renumbered as part of an effort 1o achieve
parallet structure among Anicles 770, 800, 820, and 830.

800.2: Definitions for air duct. communications circuit in-
tegrity (Cl) cable, and cammumications equipment added.

800.24: Removed requirement that the cable must be sup-
ported by a structural component. Clarification added that
this section applies o ceilings regardless of which side
of the ceiling is supporting the cable. Revised 1o apply
the requirement of 300.H 10 Article 800 cables.
800.100A4): FPN added to clarity the requirement of a
20 ft maximum grounding conductor in one- and two-
Tamily dwellings.

.

860.100(1)): Revised to remaove permission to bond to-
gether all separate electrodes.

‘Table 800.113: Deleted multipurpose cable Types MPP,
MPR. MPG, and MP.

Figure 800,154 Revised 1o delete multipurpose cable
Types MPP, MPR, MPG. and MP,

800.179: Revised 10 delete multipurpose cable Types
MPP. MPR. MPG. and MP.

R00.1791H): Revised to permit a 2-hour fire-rated commu-
mications circuit integrity cable.

.

Contents
I. General
SO0, 1 Scope
8(KL2 Definitions
K003 Other Articles
(A1 Hybrid Power and Communications Cables
(B) Hazardous (Classified) Locations
1C) Spread of Fire or Products of Combustion
(D Byuipment in Other Space Used for
Environmental Air
SOMLIE Instatlation of Equipoent
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(GY Cuble Substitutions
VL. Listing Reyuirements
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i) Type CMX

tF) “fype CMUC Undercaper Wi
(G Multipurpose (M) Cables
ah Communications Circuit Integrity (CI) Cable
Uy Wires

(1) Hybrid Power and Communications Cable
82, 182 Communications Racew:ys

tA) Plenum Cosnmunications Raceways

(B} Riser Communications Raceways

(C) General-Purpose Conununications Raceways

and Cable

FPN: Rules that are followed by a reference in brackets
contain text that has been extracted from NFPA 97-2003,
Standard Glossary of Terms Relating to Chimneys, Vents,
and Heat-Producing Appliances. Ouly editarial changes
were made to the extracted text to make it consistent
with this Code.

L. General

8001 Scope

~This article covers telephone, 1elegraph (except radio), out-
side wiring for firc alarm and burglar alarm, and similar
central station systems; and telephone systems not connected
to a central station system but using similar types of equip-
F ment, methods of installation, and maintenance.

Section 90.3. Code Arrungement. states that Chapter 8.
which comprises Articles 800, 810, 820. and 830, covers
communications syslems and is not subject 1 the require-
ments of Chaplers 17 except where a requirement from
these chapters is specifically eeferenced in Chapter 8, For
instance, SUOAHA N3 references 225, 14(D). 300.9X(C) ref-
erences Asticle SO0, and 800.3(D) reterences 300.22(C).

3 Although information technology equipment systems
dre often wsed for or with communications systems. Article
800 does not cover wiring of this equipiment. Instead, Article
645 provides requirements for wiring contained solely within
an information technology equipment fcomputer) room. {See
645 4 for a description of the type of information technology
equipment room to which Article 645 applics.) Article 725
[Provides requirements for wiring that extends beyond a com-

dat transmission: this use is covered by Aricle 800, Tele-
Phone compuny central offices are exempt from the require-
Ments of Article 800 by 90.2(B}4). The format of Article
800 is similar to thas of Articles 723, 760, 770. and $20.

I Anticle 830 covers network-powered broadband com-
Munications systems.

National Electrical Code Handbook 2005

FPN No. 1: For further information for fire alarm. sprin-
kler waterflow, and sprinkler supervisory systems. see
Article 760.

FPN No. 2: For installation requirements of optical fiber
cables, see Article 770.

FPN No. 3: For installation requirements for network-
powered broadband communications circuits, see Article
830.

800.2 Definitions

See Article 100. For purposes of this article, the following
additional definitions apply.

Abandoned C ications Cable. Installed communi-
cations cable that is not terminated at both ends at a connector
or other equipment and not identified for future use with atag,

The term ahandoned conununications cable :lpplies*u
R(X). 154, which requires removal of accessible abandoned
communicativas cable. Ahandoned cable increases fire load-
ing unnecessarily. and. where installed in plenpums, it can
affect airflow. Similar requirements can be found in Articles
644), 645, 725. 760, 770. 820. and 830,

Air Duct. A conduit or passageway for conveying air to
or from heating. cooling, air conditioning, or ventilating
equipment, but not including the plenum. [NFPA 97:1.2.6]

The definition of air duct was added to the 2005 Code o
provide a term to distinguish between electricat ducts and
ducts that form part of an environmental air distribution
system.

Block. A square or portion of a city, town, or village en-
closed by streets and including the alleys so enclosed, but
not any street.

Cable. A factory assembly of two or more conductors hav-
ing an overall covering.

Cable Sheath. A covering over the conducior assembly
that may include one or more metaltic members. strength
members, or jackets.

Communications Circuit Integrity (CI) Cable. Cable
used in communications systems to ensure conlinued opera-
tion of critical circuits during a specificd time under fire
conditions. .

The definition of communications circuit integrity (Cl) cable
was added o the 2005 Code to define a term used in
S00.179(H). C) cables are used 1o maintain communications
throughout the entire time of an emergency. Such cable
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is intended 10 ensure the survivability of certain critical
communications circuits during a fire in a building.

C fcati Equip The electronic equipment
that performs the ications op for the
transmission of audio, video, and data, and including power
equipment (c.g.. dc converters, inverters and batteries) and
technical support equipment (c.g., computers).

The definition of commumnications equipment was added to
the 2005 Code 10 clearly define what associated equipment
is considered part of the communications equipment. The
definition clearly indicates that the power supplies and com-
puters are considered part of the cc ications equipment
and thus are subject to requirements that apply to communi-
cations equipment. The telephone switch shown in Exhibit
800.1 also is considered part of telecommunications equip-
ment and 5o is subject to the same requirements. The defini-
tion correlates with NFPA 76, Recommended Practice for
the Fire Protection of Telecommunications Facilities.

Exhibit 800.1 A private automatic branch exchange, one parn
of telecommunications equipment.
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Exposed. A circuit that is in such a position that, in case
of failure of supports and msulanon, contact with anothc.-
circuit may result.

FPN: Sce Article 100 for two other definitions of Ex.  *
posed.

Point of Entrance. Within a building, the point at which '
the wire or cable emerges from an external wall, from 2
concrete floor slab, or from a rigid metal conduit or ay
intermediate metal conduit grounded to an electrode in accor-
dance with 800.100(B). }

Premises. The land and buildings of a user located on the-
user side of the utility-user network point of demarcation, '

Wire. A factory assembly of one or more insulated conduc.”
tors without an overall covering. -

—
See Article 100 for the definitions of conductor, equlplnem
and raceway.

800.3 Other Articles - b

(A) Hybrid Power and Communications Cables The
provisions of 780.6 shall apply for listed hybrid power and
communications cables in closed-loop and programmed
power distribution, '

u
o

See B00.179) for listing requirements and applications of
hybrid power and communications cable in one- and two-"
family residences for other than closed-loop and pro-
grammed power distribution.

FPN: See 800.179(J) for hybrid power and communica- *
tions cable in other applications.

(B) Hazardous (Classified) L i Ce
circuits and equipment instatled in a location that is classified
in accordance with Article 500 shall comply with the appli_c.ﬂ'
ble requiremenits of Chapter 5.

Paragraph 800.3(B) alerts users that communu.mnnccrrcuﬂs
installed in locations classified in accordance with Amcle
500 must conform to the applicable requrremenls Of
Chapter 5. Iy .f’,’;

(C) Spread of Fire or Products of Combustion SCCU"“
300.21 shall apply. The accessible portion of abandoned
communications cables shall not be permitted to remaif-

i
g

Section 800. 3((_) was revised for the 2005 Code for U5
with the definition of abandoned ¢ ications cable g

Article 800 — Communications Circuits

800.24

7, ]

¥ Sce the definition of ab 5 cable in

00.2.)
S

' (D) Equipment in Other Space Used for Environmental
k- Air Section 300.22(C) shall apply.

i«
800.18 Installation of Equipment
v
Equipment clectrically c d to a telec ication
network shall be listed in accordance with 800.170. Installa-
tion of equipment shall also comply with 110.3(B).

~\REUL 1863. Communication Circuit Accessories, and UL

‘IB%60950. Safery of Information Technology Equipment, Part 1:
WG eneral Requirements, are wo safety standards that contain
| - requircments for determining whether equipment connected
W0 a telecommunications network is suitable for the intended

Exception: This listing requirement shall not apply 1o test
e}]uipment that is intended for temporary connection to a
} télecommunications network by qualified persons during the
k course of installation, maintenance, or repair of telecommu-
3 n(icarion: equipment or systems,

k

800,21 Access to Electrical Equipment Behind

E Panels Designed to Allow Access

Access to electrical equipment shall not be denied by an
E accumulation of wires and cables that prevents removal of
f pancls, including suspended ceiling panels.

N excess accumulation of wires and cables can limit access
o equipment by preventing the removal of access panels.
{See Exhibit 800.2.)

2005 National Electrical Code Handbo
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Signal or
Hung celling telephons
cavity cables

Mathod Not Permitted

m- Signal or

tefephone
cables

Hung ceiling
cavity

Method Permitied

Exhibit 800.2 Instatlations of conductors and cables, which can
prevent access to equipment or cables. Correct and incorrect
methods are shown.

800.24 Mechamcal Execution of Work

C¢ and eq shall be installed
in a neat and workmanlike manner. Cables installed exposed
on the surface of ceilings and sidewalls shall be supported
by the building structure in such a manner that the cable
will not be damaged by normal building use. Such cables
shall be secured by straps, staples, hangers, or similar fittings
designed and installed so as not to damage the cable. The
installation shall also conform with 300.4(D) and 300.11.

Section 800.24 provides definitive requiremenis for work-
manship. Cable must be attached to or supported by the
structure by straps. clamps, hangers, and the like. The instal-
lation method must not damage the cable. In addition. the
location of the cable must be carefully evaluated 10 ensure
that activities and processes within the building do not dam-
age the cable. In the 2005 Code. there was a change to this
section to permit attachment to baseboards and non-load
bearing walls. which are not structural components. The
equipment illustrated in Exhibit 800.3 is used by installers
of telecommunications systems to organize cables and make
connections in a neat and workmanlike manner.

FPN: Accepted industry practices are described in ANSI/
NECA/BICSI 568-2001, Standard for Installing Com-
mercial Building Telecormnumcanon.r Cabling, and other
ANSI-app
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800.90

Exhibit 800.3 An example of punch blocks used on a private
automatic branch exchange.

1L Wires and Cables Outside and
Entering Buildings

i 800.44 Overhead Communications Wires
| and Cables

ings shall comply with 800.44(A) and 800.44(B).

(A) On Poles and In-Span Where cc ications wires
and cables and electric light or power conductors are sup-
ported by the same pole or run parallel to each other in-
span, the conditions described in 800.44(A)(1) through
(A)(4) shall be met.

(I) Relative Location Where practicable, the communica-
tions wires and cables shall be located below the electric
light or power conductors,

(2) Attachment to Crossarms Communications wires and
cables shall not be attached to a cross-arm that carries electric
light or power conductors.

i (3) Climbing Space The climbing space through commu-

meunts of 225.14(D).

(4) Clearance Supply service drops of 0~750 volts running
above and paralle] to communications service drops shall
bave a minimum separation of 300 mm (12 in.) at any point
in the span. including the point of and at their attachment
to the building. provided the nongrounded conductors are

R insulated and that a clearance of not less than 1.0 m (40 in.)
is maintained between the two services at the pole.

1128

Overhead communications wires and cables entering build-'

nications wires and cables shall comply with the require- '

. (B) On Buildings Cc

(B) Above Roofs Communications wires and cablés shaf} i
have a vertical clearance of not less than 2.5 m (8 fu) from
all points of roofs above which they pass. !

nonconductor in addition to the insulation on the wires, such
as porcelain tubes or flexible tubing. Communications wires
and cables in accordance with 800.50(A) exposed to acciden-
1al contact with electric light and power conductors operating
at over 300 volts to ground and attached to buildings shall
he separated from woodwork by being supported on glass,
porcelain, or other insulating material.

Exception No. 1: Auxiliary buildings, such as garages and
the like.

Exception No. 2: A reduction in clearance above only the %
overhanging portion of the roof to not less than 450 mm- ]
(18 in.} shall be permitted if (a) not more than 1.2 m (4 fi} -
of communications service-drop conductors pass above the '
roof overhang and (b) they are terminated at a through- or'
above-the-roof raceway or approved support. )
Exception No. 3: Where the roof has a slope of not less
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in
clearance to not less than 900 mm (3 ft) shall be permitted, -

ception: Separation from woodwork shall not be required
here fuses are omitted as provided for in 800.90(A)(1), or
bwhere conductors are used 10 extend circuits to a building
om a cable having a grounded metal sheath.

[(C) Entering Buildings Where a primary protector is in-
ktalled inside the building, the communications wires and
cables shall enter the building either through a noncombusti-
ple, nonabsorbent insulating bushing or through a metal
aceway. The insulating bushing shall not be required where
he entering communications wires and cables (1) are in
fmetal-sheathed cable, (2) pass through masonry, (3) meet
fihe requirements of 800.50(A) and fuses are omitted as
provided in 800.90(A)(1). or (A)(4) meet the requirements
of 800.50(A) and are used to extend circuits to a building
om a cable having a grounded metallic sheath. Raceways
pr bushings shall slope upward from the outside or, where
his cannot be done, drip loops shall be formed in the commu-
ications wires and cables immediately before they enter
e building.

I1- Raceways shall be equipped with an approved service
lhead. More than one communications wire and cable shall
be permitted to enter through a single raceway or bushing.
Conduits or other metal raceways located ahead of the pri-
protector shall be grounded.

FPN: For additional information regarding overhead
wires and cables, see ANSI C2-2002, National Eleciric
Safety Code. Pan 2, Safety Rules for Overhead Lines.

800.47 Underground Circuits
Entering Buildings

Underground communications wires and cables entering .
buildings shall comply with 800.47(A) and 800.47(B).

(A) With Electric Light or Power Conductors Un- §
derground communications wires and cables in a raceway, i
handhole enclosure, or manhole containing electric light, 3

power, Class |, or non-power-limited fire alarm circuit con- ;
ductors shall be in a section scparated from such conductors
by means of brick, concrete, or tile partitions or by means
of a suitable barrier. H

(B) Underground Block Distribution Where the entire §
street circuit is run underground and the circuit within the Z,
block is placed so as to be free from the likelihood of §
accidental contact with electric light or power circuits
of over 300 volts to ground, the insulation requirements 6f
800.50(A) and 800.50(C) shall not apply, insulating supports |
shall not be required for the conductors, and bushings sha
not be required where the conductors enter the building.

B00.53 Lightning Conductors

*
fVhere pracucablc, a separation of at least 1.8 m (6 ft) shall

d belwccn c ions wires and cables

300.90 Protective Devices

A) Application A listed primary protector shall be pro-
Vided on each circuit run partly or entirely in acrial wire or
aerial cable not confined within a block. Also, a listed pri-
mary protector shall be provided on each circuit, aerial or
underground. located within the block containing the build-
ng served so as to be exposed to accidental contact with
Clectric light or power conductors operating at over 300
Volts to ground. In addition, where there exists a lightning
txposure, each interbuilding circuit on a premises shall be
brotected by a listed primary protector at each end of the
interbuilding circuit. Installation of primary protectors shall
lso comply with 110.3(B).

800.50 Circuits Requiring Primary Protectors 9§

Circuits that require primary protectors as provided in 800.50
shall comply with 800.50(A), (B), and (C). \

(A) Insulation, Wires, and Cables Communications #i
and cables without a metallic shield, running from the 125
outdoor support to the primary protector, shall be lislcd:‘

ications wires and cables in 2¢3
cordance with 800, 50(A) shall be scparated at least 100 M2
(4 in.) from electric light or power conductors not infd
raceway or cable or be permanently separated from condu
tors of the other system by a continuous and firmly fised

2005 National Elecirical Code HondZ Rtional Electrical Code Handbook  2(K)5

Telephone utility companies ordinarily provide primary pro-
tectors where telephone lines are exposed to lightning. In-
stallers of private networks that include interbuilding cable
should also install primary protectors where cables are ex-
posed to lightning. Generally, cable is considered to be ex-
posed to lightning unless one or more of the conditions in
FPN No. 2 exist. A primary protector is required at each end
of an interbuilding communications circuit where lightning
exposure exists.

FPN No. [: Onacircuit not exposed to accidental contact
with power conductors, providing a listed primary protec-
tor in accordance with this article helps protect against
other hazards, such as lightning and above-normal volt-
ages induced by fault currents on power circuits in prox-
imity to the communications circuit.

FPN No. 2: building circuits are consil d to have

a lightning exposure unless one or more of the following

conditions exist:

(1) Circuits in large metropolitan areas where buildings
are close together and sufficiently high to intercept
lightning,

(2) Interbuilding cable runs of 42 m (140 ft) or less,
directly buried or in underground conduit, where a
continuous metallic cable shield or a continuous me-
tailic conduit containing the cable is bonded to each
building grounding electrode system.

(3) Arcas having an average of five or fewer thunder-
storm days per year and earth resistivity of less than
100 ohm-meters. Such arcas are found along the
Pacific coast.

(1) Fuseless Primary Protectors Fuseless-type primary
protectors shall be permitted under any of the conditions
given in (A)(1)Xa) through (A)1)(e).

(a) Where conductors enter a building through a cable
with grounded metallic sheath member(s) and where the
conductors in the cable safely fuse on all currents greater
than the current-carrying capacity of the primary protector
and of the primary protector grounding conductor

(b) Where insulated conductors in accordance with
800.50(A) are used to extend circuits to a building from a
cable with an effectively grounded metallic sheath mem-
ber(s) and where the conductors in the cable or cable stub,
or the connections between the insulated conductors and
the exposed plant, safely fuse on all currents greater than
the current-carrying capacity of the primary protector, or the
associated insulated conductors and of the primary protector
grounding conductor

(c) Where insulated conductors in accordance with
800.50(A) or 800.50(B) are used to extend circuits to a
building from other than a cable with metallic sheath mem-
ber(s), where (1) the primary protector is listed as being
suitable for this purpose for application with circuits ex-
tending from other thana cable with metallic sheath members,
and (2) the ions of the insulated conductors to the ex-
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posed plant or the conductors of the exposed plant safely fuse
on all currents greater than the current-carrying capacity of
the primary protector. or associated insulated conductors and
of the primary protector grounding conductor

(d) Where insulated conductors in accordance with
800.50(A) are used to extend circuits aerially to a building
from an unexposed buried or underground circuit

(e) Where insulated conductors in accordance with
800.50(A) are used to extend circuits to a building from cable
with an effectively grounded metallic sheath member(s), and
where (1) the combination of the primary protector and
insulated conductors is listed as being suitable for this pur-
pose for application with circuits extending from a cable
with an effectively grounded metallic sheath member(s), and
(2) the insulated conductors safely fuse on all currents greater
than the current-carrying capacity of the primary protector
and of the primary protector grounding conductor

The term effectively grounded (listed as Grounded. Effec-
tively) is defined in Anicle 100.

(2) Fused Primary Protectors Where the requirements
listed under 800.90(A)(1)(a) through (A)(1)(e) are not met,
fused-type primary protectors shall be used. Fused-type pri-
mary protectors shall consist of an arrester connected be-
tween cach line conductor and ground, a fuse in series with
each line conductor, and an appropriate mounting arrange-

ment. Primary protector terminals shall be marked to indicate

line, instrument, and ground, as applicable.

(B) Location The primary protector shall be located in, on,
or immediately adjacent to the structure or building served
and as close as practicable to the point of entrance.

FPN: See 800.2 for the definition of point of entrance.

Exhibit 800.4 shows an example of u primary protector unit
typically instatled in commeccial buildings. Exhibit 800.5
shows an example of applications of listed communications
and multipurpose cable.

For purposes of this section, primary protectors located
at mobile home service equipment located in sight from and
not more than 9.0 m (30 fi) from the exterior wall of the
mobile home it serves, or at a mobile home disconnecting
means grounded in accordance with 250.32 and located in
sight from and not more thas 9.0 m (30 fi) from the exterior
wall of the mobile home it serves. shall be considered to
meet the requirements of this section.

FPN: Selecting a primary protector location to achieve *

the shortest practi primary p g ding con-

ductor helps limit potential differences between commu-

nications circuits and other metallic systems.
(C) Hazardous (Classified) Locations The primary pro-
tector shall not be located in any hazardous (classified) loca-
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800.100

- hibit 800.5 An example of
ications of listed communi-
ations cables.

' Plenum or other
space used for
environmental sr

i {{
®cMP ; F !
{not in conduit) i
cMA [ ;
{not In conduit) i
@CMA

(in conduit only
in plenum)

@ CM, CMG
(not in conduit
and not in same
penetration as
risar cables)

Primary protector
(as close as practicable
to cable entrance)

‘buildings shall be grounded as close as practicable t© the,

Exhibit 800.4 A primary protector unit typically instatled in com,

ial buildings. Thi it i i i fant’ N
rcnat;r‘:? wildings. This unit is the interface to the oulsndel plant gmgnded as specified in 800.100(A) through 800.100(D).

(1) Insulation The grounding conductor shall be insulated

tion as defined in Article 500 or in the vicinity of easily -
dlshall be listed as suitable for the purpose.

ignitible material, LA
Exception: As permitted in 501.150, 502.150, and 503.1.5,0‘
(D) Secondary Protectors Where a secondary protector is
installed in series with the indoor communications wire ﬂﬂfi 5
cable between the primary protector and the equipment,'!
shall be listed for the purpose in accordance with 800. 170(3).-

U
FPN: Secondary protectors on exposed circuits are 10,
intended for use without primary protectors. )

E;

2){Material The grounding conductor shall be copper o
pher corrosion-resistant conductive material, stranded or
olid,

3) Size The grounding conductor shall not be smaller than
AWG.
E

H 4)3Length The primary protector grounding conductor
hall be as short as practicable. In one- and two-family

800.93 Cable Grounding *
The metallic sheath of communications cables enteriBs:

point of entrance or shall be intesrupted as close to the poist
of entrance as practicable by an insulating joint or eq\ll‘{ale
device. s

& length of the primary protector grounding conductor to

FEN: See 8002 £ ; rance. . - This restricted conductor length reduces the impedance
3 . it int of en . -
ee 800.2 for the definition of point of 1 :

M

2005 National Electrical Code HO™ g

of the grounding conductor, resulting in a lower potential

difference hetween the communications system conductors

and equipment and the electrical conductors and equipnient

in the building. The low impedance bonding connection will

reduce the fire hazard and shock hazard 1o persons in the

event that electric utility power lines come in contact with

communications conductors. Section 800.100(D) requires

bonding of communications and power grounding electrodes

at the sume building or strucwre. .
See the commentary following 250.52(A)(1) for infor- i

mation on water pipes as grounding electrodes.

FPN: Similarg ding cond: length limitations ap-
plied at apartment buildings and ial building:
help to reduce volitages that may be developed betwee: :
the building’s power and communications systems during :

lightaing events.

When the 20-ft limitation was instituted in the 2002 Code, i
the predominant application was in onc- and two-family
dwellings: apartment and commercial buildings were specifi-
cally not addressed. In the 2005 Code. some guidance is
provided for apartment and commercial buildings, without
being overly restrictive because of intersystem bonding situ-
ations that may exist at these fucilities. The FPN to
BOO.100(A ) 4) provides guidance for the treatment of the
cable and primary protector grounding conductor length at
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apartment and commercial buildings that is consistent with
the 20-ft rule for one- and two-family dwellings. However,
a specific length is not specified in the Code because such
alength limitation may not be practical in some installations.

Exception: In one- and two-family dwellings where it is
not practicable to achieve an overall maximum primary
protector grounding conductor length of 6.0 m (20 ft), a
separate communications ground rod meeting the minimum
dimensional criteria of 800.100(B)(2)(2) shall be driven, the
primary protector shall be g led to the
ground rod in accordance wllh 800.100(C), and the commu-
nications ground rod shall be bonded to the power g i
electrode system in accordance with 800.10XD).

ications

(5) Run in Straight Line The grounding conductor shall
be run to the grounding electrode in as straight a line as
practicable.

(6) Physical Damage Where necessary, the grounding con-
ductor shall be guarded from physical damage. Where the
grounding conductor is run in a metal raceway, both ends
of the raceway shall be bonded to the grounding conductor
or the same terminal or electrode to which the grounding
conductor is connected.

(B) Electrode The grounding conductor shall be connected

in accordance with 800.100(B)(1) and (B)(2).

(1) In Buildings or Structures with Grounding Means
To the nearest accessible location on the following:

(1

The building or structure grounding electrode system

as covered in 250.50

The grounded interior metal water piping system, within

1.5 m (5 ft) from its point of entrance to the building,

as covered in 250.52

(3) The power service accessible means external to enclo-
sures as covered in 250.94

(4) The metallic power service raceway

(5) The service equipment enclosure

(6) The grounding electrode conductor or the grounding

electrode conductor metal enclosure

The grounding conductor or the grounding electrode

of a building or structure disconnecting means that is

grounded to an electrode as covered in 250.32

2

7

For purposes of this section, the mobile home service
equipment or the mobile home disconnecting means, as de-
scribed in 800.90(B), shall be considered accessible.

(2) In Buildings or Structures Without Grounding
Means If the building or structure served has no grounding
means, as described in 800.100(B )(1). the grounding conduc-
tor shall be connected to either of the following:
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(1) To any onc of the individual electrodes described jy a5 prevalent as telephone wiring. One common way (o Table 800.113 Cable Markings
250.52(A)(1). (A)(2), (A)(3), or (A)H) P flimize the amount of cabling is to run the telephone and -

(2) If the building or structure served has no grounding o circuits in the same cable. as illustrated in Exhibit 800.6. Cable Marking Type Reference
means.asdescribed in 800.100(B)(1) or (B)(2)(}), to a7) lion 725A56fD) requires that either a cqmmunicalions CMP Communications 800.179(A) and
effectively grounded metal structure or to a ground roq) Cable, or a multipurpose cable be used for this purpose. plenum cable 800.154(A)
or pipe not less than 1.5 m (5 ft) in length and 12.7 mp 3 CMR Communications 800.179(B) and
(%1 in.) in diameter, driven, where practicable, into pe3 riser cable 800.154(B)
manently damp earth and separated from Jightning con} MG Communications 800.1 73(0 and
ductors as covered in 800.53 and at least 1.8 m (6 f) Listed gcncr::‘-bpl:rpose 800. lé)ﬁ))) and
from clectrodes of other systems. Steam or hot waic] °°"‘"‘“"“‘a“°"5 M Communications 800.179(D) and
pipes or air terminal conductors (Jightning-rod conduc3 general-purpose 800.154(D) and
tors) shall not be employed as electrodes for protectors|! cable (E)1)

4 CMX Communications 800.179%E) and

(C) Electrode Connection Connections to grounding clec3
trodes shall comply with 250.70.

separate electrodes are used.
Exception: At mobile homes as covered in 800.106.

FPN No. I: See 250.60 for use of air terminals (lightning ’

rods), 4
i
t

FPN No. 2: Bonding her of all Y d
limits potential differences between them and between |

cable, limited use
(4). and (5)

800.179(F) and

800.154(E)(6)

CMUC Undercarpet
communications

wire and cable

800.154(E)(2), (3).

their associated wiring systems.

800.106 Primary Protector Grounding and
Bonding at Mobile Homes

(A) Grounding Where there is no mobile home servicg
equipment located in sight from, and not more than 9.0
(30 fu) from, the exterior wall of the mobile home it serves,
or there is no mobile home disconnecting means gmunded
in accordance with 250.32 and located within sight from,
and not more than 9.0 m (30 ft) from, the exterior wall of
the mobile home it serves, the primary protector gmund
shall be in accordance with 800.100(B)(2).

300.110 Raceways for Communications
Wires and Cables

WWhere communications wires and cables are installed in a
raceway, the raceway shall be cither of a type permitted in
Chapter 3 and installed in accordance with Chapter 3 or a
isted nonmetallic raceway complying with 800.182, and
insialled in accordance with 362.24 through 362.56, where

(B) Bonding The primary protector grounding lermmal o he requirements applicable 10 electrical nonmetallic tubing

grounding electrode shall be bonded to the metal frameicj
available grounding terminal of the mobile home with{}
copper grounding conductor not smaller than 12 AWG unde
cither of the following conditions: 3

Exception: Conduit fill restrictions shall not apply.

800.113 Installation and Marking of

(1) Where there is no mobile home service equipment o] Communications Wires and Cables

disconnecting means as in 800.106(A)

(2) Where the mobile home is supplied by cord and plug LiS[cdcommunicalions wires and cables and listed multipur-

Pose cables shall be installed as wiring within buildi

FPN No. I: Cable types are listed in descending order
of fire resistance rating.

FPN No. 2: See the referenced sections for permitted
uses.

Exception No. 1: Voliage markings shall be permitted where

the cable has multiple listings and voltag

quired for one or more of the listings.

marking is

re-

Exception No. 2: Listing and marking shall not be required
where the length of the cable within the building, measured
from its point of entrance, does not exceed 15 m (50 ft)
and the cable enters the building from ‘the outside and is
terminased in an enclosure or on a listed primary protector.

FPN No. 1 to Exception No. 2: Splice cases or terminal
boxes, both metallic and plastic types. are typically used
asenck for splicing or terminating telephone cables.
FPN No. 2 to Exception No. 2: This exception limits
the length of unlisted outside ptant cable to 15 m (50 fi).
while 800.90(B) requires that the primary protector be
located as close as pmcucnble to the poml al Wthh
the cable enters the building. Therefore, in It
requiring a primary protector, the outside plant cable may
not be permitted to extend 15 m (5C ft) into the building
if it is practicable to place the primary protector closer
than 15 m (50 ft) to the entrance point.

800.133 Installation of Communications Wires,
Cables, and Equipment
Commumczmons wires and cables from the protector to

the

[ or, where no protector is required, communica-

Communications cables and undercarpet communications
Wires shall be marked in accordance with Table 800.113.
cable voltage rating shall not be marked on the cable
gidon the undercarpet communications wire.

V. Communications Wires and Cables
Within Buildings

I
§
9,

- -
Data circuits between computers are classified as Clagd
30U

circuits. Ina typical office environment consi ofa ! ol
of computers connected to a local area network. data

FPN: Voliage markings on cables may be misinterpreted
 suggest that the cables may be suitable for Class 1.
frelectric light, and power applications.

2005 National Electricul Code H onal Electrical Code Handbook 2005

Lt &

tions wires and cables attached to the outside or inside of the
building shall comply with 800.133(A) through 800.133(D).

Section 800.133 includes non-power-limited fire alarm cir-
cuits covered by Article 760 and network-powered broad-

band communications circuits covered by Article 830.
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800.154

(A) Separation from Other Conductors

(1) In Raceways, Boxes, and Cables

(a) Other Power-Limited Circuits. Communications ca-
bles shall be permitted in the same raceway or enclosure
with cables of any of the following:

(1) Class 2 and Class 3 remote-control, signaling, and
power-limited circuits in compliance with Article 725

(2) Power-limited fire alarm systems in compliance with
Article 760

(3) Nonconductive and conductive optical fiber cables in
compliance with Article 770

(4) Community antenna television and radio distribution
systems in compliance with Article 820

(5) Low-power network-powered broadband

ductors are introduced solely for power supply to con{mum'f
cations equipment. The power circuit conductors shall pe
routed within the enclosure to maintain a minimum of 6
mm (0.25 in.) sep from the
conductors.

Exception No. 3: As permitied by 620.36.

ications circujr

(2) Other Applications Communications wires and cables?
shall be separated at least 50 mm (2 in.) from conductors]
of any electric light, power, Class i, non-power-limited
fire alarm, or medium power network-powered broadband
communications circuits. b

Exception No. 1: Where either (1) all of the conductors o
the electric light, power, Class 1, non-power-limited fire
alarm, and medium power network-powered broadband}

tions circuits in compliance with Anticle 830

(b) Class 2 and Class 3 Circuits. Class 1 circuits shall
not be run in the same cable with communications circuits.
Class 2 and Class 3 circuit conductors shall be permitted in
the same cable with communications circuits, in which case

- the Class 2 and Class 3 circuits shall be classified as commu-
nications circuits and shall meet the requirements of this
articte. The cables shall be listed as communications cables
or multipurpose cables.

Exception: Cables constructed of individually listed Class 2,

Class 3, and communications cables under a common jacket -

shallnot be requiredto be classified as communications cable.
The fire-resistance rating of the composite cable shall be de-
termined by the performance of the composite cable.

(c) Electric Light, Power, Class ], Non-Power-Limited
Fire Alarm, and Medium Power Network-Powered Broad-
band Communications Circuits in Raceways, Compart-
ments, and Boxes. Communications conductors shall not be
placed in any raceway, compartment, outlet box, junction box,
or similar fitting with conductors of electric light, power,
Class 1, non-power-limited fire alarm, or medium power net-
work-powered broadband communications circuits.

Exception No. 1: Where all of the conductors of electric
light, power, Class 1, non-power-limited fire alarm, and
medium power network-p d broadband ica-
tions circuits are separated from all of the conductors of
communications circuits by a permanent barrier or listed

divider.

This exception recognizes the use of a listed field-installed
divider to separate the communications circuits from the
power circuits.

Exception No. 2: Power conductors in outlet boxes, junction
boxes, or similar finings or compartmenis where such con-

134

support of such conductors.

P i circuits are in a raceway or in metal:§

sheathed, metal-clad, nonmetallic-sheathed, Type AC, on
Type UF cables, or (2) all of the conductors of communicad
tions circuits are encased in raceway. 5

Exhibit 800.7 Overhead ladder-type cable tray containing com-
unications cables.

Fitcommunications cable to be attached to the exterior of a
aceway-type mast only if the mast is installed to support
ommunications cable. Section 230.28 prohibits the attach-
mexig of communications cable to a service mast.

Exception No. 2: Where the communications wires and ca
bles are permanently separated from the conductors of elec
tric light, power, Class 1, non-power-limited fire alarm, and,
medium power network-p d broadband it

tions circuits by a continuous and firmly fixed rwnconduc!o
such as porcelain tubes or flexible tubing, in addition to thf'

insulation on the wire."

(B) Cable Trays Types CMP, CMR, CMG, and CM comg
munications cables shall be permitted to be installed in cable
trays. Communications raceways, as described in 800.175:
shall be permitted to be installed in cable trays. '

(ﬁ) Wiring in Ducts for Dust, Loose Stock, or Vapor
Removal Section 300.22(A) shall apply.

300.154 Applications of Listed Communications
Wires and Cables and Communications

Raceways

(Communications wires and cables shall comply with the
requirements of 800.154(A) through 800.154(F) or where
Cable substitutions are made in accordance with 800.154(G).

Exhibit 800.7 shows overhead ladder-type cable mv\y,'lhﬂl
contains communications cables.

o
p

(C) Support of Conducters Raceways shall be used g
their intended purpose. Communications cables or Wirgs
shall not be strapped, taped, or attached by any meansilQ
the exterior of any conduit or raceway as a means of supp?"-

Jote that the length of unlisted outside-plant cable permitted
k) building depends on the location of the primary protec-
ferjin accordance with 800.90(B) and 800.113(C). Excep-
ion

k' Section 800.154(A) covers listed plenum communica-
ons raceways. These raceways provide limited mechanicat
Plotection and ease of installation. but they are limited to
YPey'CMP plenum-rated cable if installed in ducts and ple-
ums,
Section 800.154(B) covers riser raceways. Riser race-
VS provide limited mechanical protection and ease of
Rstallation, but they are limited to Type CMP plenum-rated
Bleor Type CMR riser-rated cable if installed in risers.
iable 800.154 lists the permitied uses of field applications
W‘}riuus cable types.

See 800.21 and 800.24, which require that communicé}ion
cable be supported by the building structure insucha m"“
that it will not be damaged by ordinary building use-3

Exception: Overhead (aerial) spans of communications “'
bles or wires shall be permitted to be attached 1o the ex1Z7i
of a raceway-rype mast intended for the altachmtﬂ‘:

In some instances. the only way to achieve the prOPC"F
ance above roadways. driveways. or structures IS by 4

a mast. The exception to 800.133(C) permits overhead 202 &) Plenum Cables installed in ducts, plenums. and other

Paces used for environmental air shall be Type CMP. Aban-
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doned cables shall not be permitted to rernain. Types CMP,
CMR, CMG, CM, and CMX and communications wire in-
stalled in compliance with 300.22 shall be permitted. Listed
plenum communications raceways shall be permitted to be
installed in ducts and plenums as described in 300.22(B)
and in other spaces used for environmental air as described
in 300.22(C). Only Type CMP cable shall be permitted to
be installed in raceways.

FPN: Sec 8.14.1 of NFPA 13-2002, Installation of Sprin-
kler Systems, for requirements for sprinklers in concealed

spaces ing exposed

(B) Riser Cables installed in risers shall comply with
800.154(B)(1), (B)(2), or (B)(3).

(1) Cables in Vertical Runs Cables installed in vertical
runs and penctrating more than one floor, or cables installed
in vertical runs in a shaft, shall be Type CMR. Floor penetra-
tions requiring Type CMR shall contain only cables suitable
for riser or plenum use. Abandoned cables shall not be
permitted to remain. Listed riser communications raceways
shall be permitted to be installed in vertical riser runs in a
shaft from floor to floor. Only Type CMR and CMP cables
shall be permitted to be installed in these raceways.

(2) Metal Raceways or Fireproof Shafts Listed commu-
nications cables shall be encased in a metal raceway or
located in a fireproof shaft having firestops at each floor.

(3) One- and Two-Family Dwellings Type CM and CMX
cable shall be permitted in one- and two-family dwellings.

FPN: See 800.3(C) for firestop requirements for floor
penetrations.

(C) Distributing Frames and Cross-Connect Arrays
Listed communications wire and Types CMP, CMR, CMG,
and CM communications cables shall be used in distributing
frames and cross-connect arrays.

(D) Cable Trays Types CMP, CMR, CMG, and CM com-
munications cables shall be permitted to be installed in cable
trays.

(E) Other Wiring Within Buildings Cables installed in
building locations other than the locations covered in
800.154(A) through 800.154(D) shall be in accordance with
800.154(E)(1) through (E)(6).

(1) General Cables shall be Type CMG or Type CM. Listed
communications general-purpose raceways shall be permit-
ted. Only Types CMG, CM, CMR, or CMP cables shall be
permitted to be installed in general-purpose communications
raceways.

(2) In Raceways Listed communications wires that are en-
closed in a raceway of a type included in Chapter 3 shall
be permitted.
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800.170 Article 800 — Communications Circuits

(3) Nonconcealed Spaces Type CMX communications Plenum
cable shall be permitted to be installed in nonconcealed
spaces where the exposed length of cable does not exceed

3 m (10 fi). Rise
iser
(4) One- and Two-Family Dwellings Type CMX commu-
nications cable less than 6 mm (0.25 in.) in diameter shall
be permitted to be installed in one- and two-family dwellings. General purpose CMG
CcM
(5) Multi-Family Dwellings Type CMX communications
cable less than 6 mm (0.25 in.) in diameter shall be permitted
Dwellings CMX

to be installed in nonconcealed spaces in multi-family dwell-
ings.
Type CM—Communications cables

(6) Under Carpets Type CMUC undercarpet communica-
tions wires and cables shall be permitted to be installed

[A] Cable A shall be patmitted to be used in ptace of cabie B.”
under carpet. B

(F) Hybrid Power and Communications Cable Hybrid
power and communications cable listed in accordance with
800.179(1) shall be permitted to be installed in one- and
two-family dwellings.

Figure 800.154 Cable Substitution Hierarchy.

(A) Primary Protectors The primary protector shall con 3

{G) Cable Substitutions The uses and permitted substitu-
tions for communications cables listed in Table 800.154 shall
be considered suitable for the purpose and shall be permitted.

sist of an arrester connected between each line conductor
and ground in an appropriate mounting. Primary protecty

Table 800.154 Cable Substitutions applicable. -

FPN: Oue way to determine applicable requirements for
a listed primary- protector is to refer to ANSI/UL 497-
1995, Standard for Protectors for Paired Conductor,

Communications Circuits. -
o

Cable Permitted
Type Use References  Substitutions

CMR Cor'nmunicalions 800.154(B) CMP
riser cable (B) Secondary Protectors The secondary protector-shall,

CMG, CM  Communications ~ 800.154(E)(1) CMP, CMR be listed as suitable (o provide means to safely limit currents

s:f;‘:lc‘ cable o less than the current-carrying capacity of listed indoorg
cMX Communications ~ 800.154(E)  CMP, CMR, communications wire and cable, listed telephone set line gy

cable. limited CMG, CM cords, and listed communications terminal equipment having 34

use ports for external wire line communications circuits. An

FPN: See Figure 800.154, Cable Substituti i
2 e Substitution Hierurchy. shall be connected on the equipment terminals side of

secondary protector current-limiting means.

FPN: For information on Types CMP, CMR, CMG, CM,

and CMX cables, see 800.179. . FPN: One way to determine applicable requirements for

a listed secondary protector is to refer to UL 497A-1996,

VL Lis ting Requiremen ts .(Sjlla’:z"dﬁ;d for Secondary Protectors for Camnuuzimn'ﬂ:ﬂ
800.170 Equipment X
Communications eq shall be listed as being suitable ~ S00-173 Drop Wire and Cable

Communications wires and cables without a M
shield. running from the last outdoor support to the prit®

for electrical c ion to a telecc ications network.

FPN: One way to determiine applicable requirements is
to refer to UL 1950-1993. Standard for Safery of Informa-
tion Technology Equij Including Electrical Busi-
ness Equipmem, third edition: UL 1459-1995, Standard
for Safety, Telephone Equipmen, third edition; or UL
1863-1995, Standard for Safery, Communications Circuit
Accessories, second edition. For information on listing
requi for ications raceways, see UL
2024-1995, Standard for Optical Fiber Raceways.

. and shall have current-carrying capacity as speCiﬁ
800.90(A)(1)(b) or (A)(1)(c). i

800.179 Communications Wires and Cables i

Communications wires and cables shall have a voltag® raung
of not less than 300 volts and shall be listed in acco_fd.

1136 2005 Nasional Electrical Code HO”

terminals shall be marked to indicate line and ground as s

overvoltage protection, arresters, or grounding connectiong

protector. shall be listed as being suitable for the purposly
b

Article 800 — Communications Circuits 800.179

4
ith 800.1 79(A) through 800.179(J). Conductors in commu-
-é.aﬁons cables, other than in a coaxial cable, shall be

copper-

i [¢ don 800.179 requires a rating of 300 volts for the follow-

pEreasons:

"o coordinate with protector instatlation requirements

R (i.c., protectors are not required within a block unless

the cable is exposed to over 300 volis)

PR 1o recognize the fact that primary protectors are de-
B igned to allow voltages below 300 to pass

_:I‘o‘acconm]odmc the voltages or.rlinfxrily found on a

l:elephone Ime_ (48 valts de plus ringing voltage up to
130 volis rins)

ETo permit communications cable to substitute for 300-

Euolt power-limited firc-protective signaling cable

J5: FPN: See 800.170 for listing requirement for equipment.

[(4) Type CMP Type CMP communications plenum cable
f1all be listed as being suitable for use in ducts, plenums,
hiad other spaces used for environmental air and shall also
be listed as having adequate fire-resistant and low smoke-
moducing characteristics.

A e

¢, the commentary following 725.82(A). FPN. for informa-

0000 a test method for wires and cables to he installed
| R . .
Bithout raceways in plenums and other spaces used for

pvironmental air.

~
(

 FPN: One method of defining a cable that is low smoke-
roducing cable and fire-resistant cable is that the cable
xhibits a maximurm peak optical density of 0.5 or fess,
k. anaverage optical density of 0.15 or less, and 2 maximum
B flame spread distance of 1.52m (5 ft) or less when tested
F in accordance with NFPA 262-2002, Standard Method
of Test for Flame Travel and Smoke of Wires and Cables
for Use in Air-Handling Spaces.

[B) Type CMR Type CMR communications riser cable
Rl be listed as being suitable for use in a vertical run in
jifshaft or from floor to floor and shall also be listed as
ving firc-resistant characteristics capable of preventing
e carrying of fire from floor to floor.

the commentary following 725.82(B). FPN. for informa-
" on a test for defining fire-resistant characteristics capa-
pl preventing fire spread from floor to floor.
)

}:-PN - One method of defining fire-resistant characteris-
tics capable of preventing the carrying of fire from floor
E 10 floor is that the cables pass the requirements of ANSY
UL 1666-2002, Standard Test for Flame Propagation
Height of Elecirical and Opiical-Fiber Cable Installed
Vertically in Shafts.

gional Electrical Code Handbook 20005

(C) Type CMG Type CMG gencral-purpose communica-
tions cable shall be listed as being suitable for general-
purpose communications use, with the exception of risers
and plenums, and shall also be listed as being resistant to
the spread of fire.

Sce the commentary following 725.82(C). FPN, for informa-
tion on the UL vertical tray flame test.

FPN: One method of defining resistant to the spread of
fire is for the damage (char length) not to exceed 1.5 m
@ ft 11 in.) when performing the vertical flame test for
cables in cable trays, as described in CSA €22.2 No. 0.3-
M-1985, Test Methods for Electrical Wires and Cables.

(D) Type CM Type CM communications cable shall be
listed as being suitable for g I-purpose cc ication:
use, with the exception of risers and plenums, and shall also
be listed as being resistant to the spread of fire.

See the comimentary following 725.82(D), FPN. for informa-
tion on test methods for determining whether cable is resis-
tant to the spread of fire.

FPN: One method of defining resistant to the spread of
fire is that the cables do not spread firc to the 10p of the
tray in the vertical-tray flame test in ANSIUL 1581-
1991, Reference Standurd for Electrical Wires, Cables
and Flexible Cords. Another method of defining resistant
to the spread of fire is for the damage {char length) not
wexceed 1.5 m (4 ft 11 in.) when performing the vertical
flame test for cables in cable trays, as described in CSA
C22.2 No. 0.3-M-1985, Test Method for Electrical Wires
and Cables.

(E) Type CMX Type CMX limited-use communications
cable shall be listed as being suitable for use in dwellings
and for use in raceway and shail also be listed as being
resistant to flame spread.

FPN: One method of determining that cable is resistant
to flame spread is by tesling the cable to the VW-§
(vertical-wire) flame test in ANSI/UL 1581-1991, Refer-
ence Stundard for Electrical Wires, Cables and F! lexible
Cords.

(F) Type CMUC Undercarpet Wire and Cable Type
CMUC undercarpet communications wire and cable shall
be listed as being suitable for undercarpet use and shall also
be listed as being resistant to flame spread.
FPN: One method of determining that cable is resistant
to flame spread is by testing the cable to the VW-1
(vertical-wire) flame test in ANSI/UL 1581-1991, Refer-
ence Standard for Electrical Wires, Cables and F lexible
Cords.

(G) Multipurpose (MP) Cables Until July 1, 2003, cables
that meet the requirements for Types CMP, CMR, CMG,
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800.182 Article 800 — Communications Circuits

Article 810 — Radio and Television Equipment 810.1

and CM and also satisfy the requirements of 760.82(B) for
multiconductor cables and 760.82(H) for coaxial cables shall
be permitted to be listed and marked as multipurpose cable
Types MPP, MPR, MPG, and MP, respectively.

The deletion of stranding requirements for fire alarm cable
resulted in an increased number of copper communications
cables, such as Types MPP, MPR, MPG. and MP. that qualily
for listing as multipurpose cable.

(H) Communications Circuit Integrity (CI) Cable Ca-
bles suitable for use in communications systems to ensure
survivability of critical circuits during a specified time under
fire conditions shall be listed as circuit integrity (CI) cable.
Cables identified in 800.90(A), (B), (C), (D), and (E) that
meet the requirements for circuit integrity shall have the
additional classification using the suffix “CL”

FPN: One method of deﬁnmg circuit integrity (CI) cable
is by establishing a 2-hour fire resi rating
for the cable when tested in accordance with UL 2196
1995, Standard for Tests of Fire Resistive Cables.

(I) Communications Wires Communications wires, such
as distributing frame wire and jumper wire, shall be listed
as being resistant to the spread of fire.

FPN: One method of defining resistant to the spread of
fire is that the cables do not spread fire to the top of the
tray in the vertical-tray flame test in ANSI/UL 1581-
1991, Reference Standard for Electrical Wires, Cables
and Flexible Cords. Another method of defining resistans
to the spread of fire is for the damage (char length) not
to exceed 1.5 m (4 ft 11 in.) when performing the vertical
flame test for cables in cable trays, as described in CSA
C22.2 No.0.3-M-1985, Test Methods for Electrical Wires
and Cables.

(J) Hybrid Power and Communications Cable Listed
hybrid power and communications cable shail be permitted
where the power cable is a listed Type NM or NM-B con-
forming to the provisions of Article 334, and the communica-
tions cable is a listed Type CM, the jackets on the listed
NM or NM-B and listed CM cables are rated for 600 volts
minimum, and the hybrid cable is listed as being resistant
to the spread of fire.

FPN: Oue method of defining resistant 5o the spread of
fire is that the cables do not spread fire to the top of the
tray in the vertical-tray flame test in ANSVUL 1581-
1991, Reference Standard for Electrical Wires, Cables
and Flexible Cords. Another method of defining resistan:
to the spread of fire is for the damage (char length) oot
to exceed 1.5 m (4 ft 11 in.) when performing the vertical
flame test for cables in cable trays, as described in CSA
C22.2 No.0.3-M-1985, Test Methods for Electrical Wires
and Cables.

’ purpoce use when used to enclose cnmmumcauorl‘

BA -raceway marked “riser™ is suitable for installation
o ficers in accordance with 800.154(B) when used to enclose
Pnmunications cable marked CMP or CMR. This raceway
[y fire-resistant characteristics capable of preventing the
Pirying of fire from floor to floor. and it meets the test
bequirements of UL 2024, Standard for Optical-Fiber Cable
Roceway. This raceway is identified by a marking on its
Pfiace or on a marker tape indicating "“riser.” A raceway
Pharked riser” is also suitable for general-purpose use when
to enclose communications cable marked CMP, CMR.
1‘(}, or CM. and for dwellings when used to enclase com-
Punications cable marked CMP. CMR.CMG. CM. or CMX.
peak optical density of 0.5 or less, an average opucal A‘ r.ace\x.'ay marked ““gencral pufp?se“ is suitable for
density of 0.15 or less, and a maximum flame spread ms]atlon in general-purpose areas in acc.ord‘ance with
distance of 1.52 m (5 ft) or less when tested in accordance 30081 54(D) when used to enclose communications cable
with the plenum test in UL 2024, Standard for Opncal arked CMP, CMR. CMG. or CM, and for dwellings when
Fiber Cable Raceway, Sedio enclose communications cable marked CMP. CMR.

(B) Riser Communications Raceways Riser communica} (BMG, CM, or CMX.

800.182 Communications Raceways ’ {’

Communications raceways shall be listed in accordance V‘Iuh
800.182(A) through 800.182(C). 6

(A) Plenum Communications Raceways Plenum con3
munications raceways listed as plenum optical fiber rac)
ways shall be permitted for usc in ducts, plenums, and othey
spaces used for environmental air and shall also be listeq]
as having adequate fire-resistant and low smoke- pmducmg
characteristics.

FPN: One method of defining that an optical fiber m:el

way is a low smoke producing raceway and a fire-

resistant raceway is that the raceway exhibits a maximum 3

810.17 Size of Lead-in—Receiving Station
810.18 Clearances—Receiving Stations
(A) Outside of Buildings . {

(B) Antennas and Lead-ins—Indoors
(C) In Boxes or Other Enclosures
810.19 Electric Supply Circuits Used in Lieu of
Antenna—Receiving Stations
810,20 Antenna Discharge Units—Receiving Stations
(A) Where Required
(B) Location .
(C) Grounding
810.21 Grounding Conductors—Receiving Stations
(A) Material
(B) Insulation
(C) Supports
(D) Mechanical Protection
(E} Run in Straight Line

" . (F) Electrode
tions raceways shall be listed as having adequate fire3 Pliable raceway is raceway that can be bent by hand M " .
b - . . (G) Inside or Owside Building
resistant characteristics capable of preventing the calrymg out'the use of tools. The smallest radius of the curve (H) Size

4 [oiithe inner edge of any bend to which the raceway can be
FPN: One method of defining fire-resi N .Y b ithout cracking either on the outer surface or internally
tics capable of preventing the ¢ carrymg of firc from floor 3 ot less than 2Y times the outside diameter of the raceway.
to floor is that the ys pass th of the e
test for Flame Propagation (riser) in UL 2024, Siandard ;. d
Jor Optical Fiber Cable Raceway. t:-FPN: One method of defining resisiance to the spread SllzszngA!f\tz\fm.Sy.?‘tems

(C) General-Purpose Communications Raceways Gen- g oof fire is that the raceways pass the requirements of the :lgS’ s _” ‘f';\c:l‘l““‘“A

eral-purpose communications raceways shall be listedas Vertical-Tray Flame Test (General Use) in UL 2024, .52 Size of enni

bei g h d of fi . Standard for Optical Fiber Cable Raceway. 810.53 Sizc of Lead-in Conductors
ing resistant (o the spread of fire. T2 810.54 Clearance on Building

¢ 81055 Entrance to Building

of fire from floor to floor. (1) Common Ground

(J) Bonding of Electrodes
(K) Electrode Connection
Amateur Transmitting und Receiving

The communications raceways covered in 800:l 20N ARTICLE 810 810.56 Protection Against Accidental Contact
through (C) are listed raceways used in plenum. riseedod AR .. . £10.57 Antenna Discharge Units—Transmitting
general-purpose applications. This listing includes raccWayy Rale and Television Eqmpment . Stations

and fittings for the installation of communications cabe fin
accordance with Article 800. These raceways are nolsunab
for installation of wires. cords. or cabling with or withou!
communications members.

A raceway marked “plenum” is suitable for-Ug L)
ducts, plenums. or other spaces used for environmental
in accordance with 800.154(A) when used to enclose coulg
munications cable marked CMP. This raceway exhrllS 8

810.58 Grounding Conductors—A mateur Transmitting
Co and Receiving Stations )
} mems (A} Other Sections !
] I GC“U'JI (B) Size uf Protective Grounding Conductor
)8I0 I Scope (C) Size of Operating Grounding Conductor
: 810.2 Definitions IV, [nterior Installation—Transmitting Stations

J‘\,Sl()._\ Other Articles 810.70 Clearance from Other Conductors i
+ 8104 Community Television Antenna 810.71 General

maximum peak optical density of 0.5, a nmxnmun_{avmg 810.5 Rudio Noise Suppressors {A) Enclosing :
optical density of 0.15. and a maximum flame-sp! 1 R:ceiving Equipment—Antenna Systems (B} Grounding of Controls :
tance of 5 ft when tested in accordance with UL 810.11 Material (C) Interlocks un Doors i

810 12 Supports
810 13 Avoidance of Contacts with Conductors of H
4 Other Systems I. General

810.14 Splices 810.1 Scope

b This article covers antenna systems for radio and television
receiving equipment, amateur radio transmitting and receiv-
ing equipment, and certain features of transmitter safety.
This article covers antennas such as multi-element, vertical
rod, and dish, and also covers the wiring and cabling that

Standard for Optical-Fiber Cable Raceway. This ™ WEY
is identified by a marking on its surface or on 2 mm'kef LA
indicating “plenum.” A raceway marked plenum” 4 dw
suitable for installation in risers when used to cnclose
munications cable marked CMP or CMR: for g‘“e

P ] }310.16 Size of Wire-Strung Antenna—Receiving
marked CMP. CMR. CMG. or CM: and for dwelling$ o F - Station
used 10 enclose communications cable marked CMP;@ ] Y (A) Size of Antenna Conductors

CMG, CM. or CMX. (B) Seif-Supporting Antennas
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760.82

Article 770 — Optical Fiber Cables and Raceways

(G) Fire Alarm Circuit Integrity (CI) Cable or Electrical
Circuit Protective System Cables used for survivability of
critical circuits shall be listed as circuit integrity (CI) cable.
Cables specified in 760.82(D), (E), (F), and (H) and used
for circuit integrity shall have the additional classification
using the suffix **-C1." Cables that are part of a listed electri-
ca) circuit protective system shall be considered to meet the
requirements of survivability.

FPN No. 1: Fire alarm circuit integrity (CT) cable and
electrical circuit protective systems may be used for fire
alarm circuits to comply with the survivability require-
ments of NFPA 728-2002, National Fire Alarm Code®,
6.9.4.3 and 6.9.4.6, that the circuit maintain its electrical
function during fire conditions for 2 defined period of
time.
FPN No. 2: One method of defining circuit integrity (CI)
cable is by establishing a minil 2-hour fire resi

- rating for the cable when tested in accordance with UL
2196-1995, Standard for Tesis of Fire Resistive Cables.

There are provisions in NFPA 72, National Fire Alurm Code.
that require continued operation of the fire alarm system.
including circuit wiring. under severe conditions such as
attack by fire. To provide this integrity, NFPA 72 recognizes
the use of 2-hour fire-rated cable assemblies. FPN No. 2 to
760.82(G) refers 1o cables tested in accordance with UL
2196. Standard for Tesis for Fire Resistive Cables. as an
example of the type of wiring method that would qualify as
cireuit integrity (Cl) cable. For one such example of Cl
cable. see Exhibit 760.5,

(I) Cable Marking The cable shall be marked ip e

dance with Table 760.82(1). The voltage rating shaj| ot ‘
marked on the cable. Cables that are listed for circyit integriy g
shall be identified with the suffix Cl as defined in 760‘82((;) |

FPN: Voliage ratings on cables may be misinterprersd
to suggest that the cables may be suitable for Clagg | -
electric light, and power applications. '

cable has multiple listings and voltage marking is require 3

Jfor one or more of the listings.

Table 760.82(}) Cabte Markings

Cable Marking Type

FPLP Power-limited fire alarm plenum cable
FPLR Power-timited fire alarm riser cable
FPL Power-limited fire alarm cable o

Low-smoke flame-
retardant jacket

Electrical-grade
ceramitiabie siicone

Foil shield Fire barrier tape  Drain wire

Note: Cables identified in 760.82(D), (E), and (F) as meeting the
requirements for circuit integrity shall have the additional classifica.
tion using the suffix “CI" (for example, FPLP-C), FPLR-CI, and
FPL-CI).

FPN: Cable types are listed in descending order of fire-
resistance rating. N

() Insulated Continuous Line-Type Fire Detectors InY
sulated continuous line-type fire detectors shall be rated

accordance with 760.82(C), listed as being resistant to the'
spread of fire in accordance with 760.82(D) throught
760.82(F), marked in accordance with 760.82(T), and the
jacket compound shall have a high degree of abrasion re§
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Exhibit 760.5 Circuit integrity cable. (Redrawn courtesy of Rock-
bestos-Suprenant Cabte Corp.)

(H) Coaxial Cables Coaxial cables shall be permitted to
use 30 percent conductivity copper-covered steel center con-
ductor wire and shall be listed as Type FPLP, FPLR, or FPL
cable.

Summary of Changes 4
* General restructuring of Article 770 to make it CONSIigy
with Artictes 800. 820). and 830.
770.12: Completely revised wording of 770.6
NEC 10 beecome 770,12, Section 770.124C) accep
optical fiber raceways as innerduct. .

T70.12(0): Revised 1o require firestopping of,
outside plans innerduct at the point of entrance 10
ing or structure. n
770.113. Exception No. 2: Revised to specifically
the types of Chapter 3 raceways permitted lO“""
with unlisied nonconductive optical fiber cables ©
a building from the outside.

Article 770 — Optical Fiber Cables and Raceways

770.2

710.133(A )2 Revised to permit Type ITC cuble 10 be mixed
Lith nonconductive optical fiber cables in the same race-
iy or cuble tray. -

Exception: Voltage markings shall be permitted whey, " General

770.1 Scope
770.2 Definitions

(A) Spread of Fire or Products of Combustion
(B) Ducts, Plenums, and Other Air-Handling

Spaces
} 770.6 Optical Fiber Cables
v 77049 Types
(A) Nonconductive
(B) Conductive
(C) Composite
:770‘11 Ruceways for Optical Fiber Cables
Ril: ¢ (A) Listed Chapter 3 Raceways

i (1) Optical Fiber Raceways
%r'z" {C) Innerduct
g (D) Entering Buildings
.21 Access to Electrical Equipment Behind Panels

Designed to Allow Access
770.24 Mechanical Exccution of Work
. 1% Protection
. §i770.5 Grounding of Entrance Cables
I, Cables Within Buildings
TH0.113 Installation and Marking of Listed Optical Fiber
fis | Cables

i Conductors
g‘ (A) With Conductors for Electric Light, Power, Class
iE t, Non-Power-Limited Fire Alarm,
or Medium Power Network-Powered
Broadband Communications Circuits
(B) With Other Conductors
(C) Grounding
| 170154 Applications of Listed Optical Fiber Cables and
i 3 Ruceways
I® (A) enums
} (B) Riser
! { (C) Onher Wiring Within Buildings
1Dy Hazardows (Classitied) Locations
1 () Cable Trays
i< (F) Cable Substitutions
Lisiing Requitements
0179 Optical Frber Cables
W& 1A) Types OFND and OFCD

1B) Types OFNR and OFCR
(C) Types OFNG and OFCG
(DY Types OFN and OFC
770.182 Opticat Fiber Racewuys
(A) Plenum Optica Fiber Raceway
{B) Riser Optical Fiber Raceway
(C) General-Purpose Optical Fiber Cable
Raceway

1. General

770.1 Scope

The provisions of this article apply to the installation of
optical fiber cables and raceways. This article does not cover
the construction of optical fiber cables and raceways.

Anticle 770 permits the orderly development and use of
optical fiber technology in conjunction with electrical con-
ductors for communications. signaling. and control circuits
in liew of metatlic conductors. The most common opticat
fiber cable used tn buildings is nonconductive. (See Exhibit
770,10

Because they are not aftected by electrical noise. optical
fiber cables may be desiruble in some circumstances 1o trans-
mit data or other communications where electrical noise is
a problem. Optical fiber cables may be nonconductive, or
they may contain electrical conductors. See Exhibits 770.t
and 770.2.

112
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Exhibit 770.1 Anexample of a nonconductive aptical fiber cable.

770.2 Definitions

Abandoned Optical Fiber Cable. Instailed optical fiber
cable that is not terminated a1 equipment other than a connec-
tor and not identified for future use with a tag.
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Article 770 — Optical Fiber Cables and Raceways

770.113

Hed

where they are i in ducts or pl

(B) Ducts, Plenums, and Other Air—Handlmg .
The requirements of 300.22 for electric wiring
apply to installations of optical fiber cables and”y

7
(
!

.purpose optical fiber raceway installed in accor-
with 770.154 and 362.24 through 362.56, where the
ments applicable to electrical nonmetallic tubing shall

used for environmental air.

Exception: As permitted in 770.154(A).

770.6 Optical Fiber Cables

770.9 Types

Exhibit 770.2 An example of a composite optical fiber cable.
This cable also meets the requirements of Article 330 and is
referred to as Type MC cable. (Courtesy of AFC Cable Systems,
inc.)

(B) Conductive These cables

The definition of abandoned optical fiber cable is for use
with 770.3(A), which requires removal of accessible aban-
doned optical fiber cable. Abandoned cable increases fire
loading unnecessarily, and. where installed in plenums, it
can affect airflow. Similar requirements can be found in
Articles 640, 645, 725. 760, 800, 820, and 830.

Exposed. The circuit is in such a position that, in case of
failure of supports and insulation, contact with another cir-
cuit may result.
FPN: See Article 100 for two other definitions of Ex-
posed. through 770.12(D).

Optical Fiber Raceway. A raceway designed for enclosing
and routing listed optical fiber cables.

Peint of Entrance. The point at which the cable emerges
from an external wall, from a concrete floor slab, or from
a rigid metal conduit or an intermediate metal conduit
grounded to an electrode in accordance with 800.100(B).

770.3 Other Articles

Circuits and equipment shall comply with 770.3(A) and
770.3(B). Only those sections of Article 300 referenced in
this article shall apply to optical fiber cables and raceways.

(A) Spread of Fire or Products of Combustion The re-
quirements of 300.21 for electrical installations shall also
apply to installations of optical fiber cables and raceways.
The accessible portion of abandoned optical fiber cables
shall be removed.

14

See the commemary following 300.22(B) and}
for more information on wiring systems install
plenums, or other spaces used for environmen @

Optical fiber cables transmit light for control, sig
communications through an optical fiber.

Optical fiber cables can be grouped into three typey

(A) Nonconductive These cables contain ng frct )
members and no other electrically conductive matepals

contain  fofCuTRY
carrying conductive members such as metallic stredgiioen
bers, metallic vapor barriers, and metallic armorfGisheay

(C) Composite These cables contain optical ﬁi')em 4110 O
rent-carrying clectrical conductors, and shall bé{pemili]
to contain non—current-carrying conductive membersi]
as metallic strength members and metallic vapogb:
Composite optical fiber cables shall be classified dSclecnc
cables in accordance with the type of electrical COndiciod

770.12 Raceways for Optical Fiber CableS
Installations of raceways shall comply with's

permitted in Chapter 3 where that listed racewayfl
in accordance with Chapter 3. Where optical 1B
are ipstalled within raceway without cusrent-ca
ductors, the raceway fill tables of Chapter 3 andfél
shall not apply. Where nonconductive opticat fiikf
are installed with electric conductors in a racews) ﬁl@
way fill tables of Chapter 3 and Chapter 9 st

Conduit fill requisements apply where the
installed in a ruceway with electrical conduct2g

(B) Optical Fiber Raceways Listed opm:al T
shall be permitied to be installed in listed pl e
fiber raceway, listed riser optical fiber racev @ .

2005 National Electrical S

M. serduct Listed plenum optical fiber raceway, listed
gptical fiber raceway, or listed general-purpose optical
m;eway installed in accordance with 770,154 shall be
yted to be installed as innerduct in any type of listed
..,y permitted in Chapter 3.

Mpntering Bufldings Unlisted underground or outside
construction plastic innerduct entering the building
ihe outside shall be terminated and ﬁres(opped at the

0.21 Access to Electrical Equipment Behind
Panels ‘Designed to Allow Access

ese'to clectrical equipment shall not be denied by an
pesfntation of cables that prevents removal of panels,
ding suspended ceiling panels.

i cﬂ'ﬁbcr cables shall be installed in a neat and workman-
fitymanner. Cables installed exposed on the surface of
ings and sidewalls shall be supported by the building
kture in such a manner that the cable will not be damaged
normal building use. Such cables shall be secured by
#staples, hangers, or similar fittings designed and in-
as not 1o damage the cable. The installation shall
onform with 300.4(D) and 300.11.

['PN: Accepted industry practices are described in ANSY
! BICSI 568-2001, Standard for Installing Com-
Piercial Building Telecommunications Cabling, and other

PP

T70.24 imakes it clear that the Code requires optical
bles'to be installed ina neat and workmanlike manner.
:d for the 2002 Cade, this section provides detinitive
gihents for workmanship. Cable must be attached to
Urted by the structure by straps. clamps, hangers,
£E like. The installation method must not damage the
UTaddition, the location of the cable should be care-
luated 10 ensure that activities and processes within
dlng do not cause damage 1o the cable. The reference
J calls attention to the hazard o which cables are
a2 Where they are instalied on framing members, Such
fequired to be installed in a manner that protects
g °1 Nail or screw penetration,

i €07
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II. Protection

770.93 Grounding of Entrance Cables

Where exposed to contact with electric light or power con-
ductors, the non—current-carrying metallic members of opti-
cal fiber cables entering buildings shall be grounded as close
1o the point of entrance as practicable or shall be interrupted
as close to the point of entrance as practicable by an insulat-
ing joint or equivalent device.

HI. Cables Within Buildings

770.113 Installation and Markmg of Listed
Optical Fiber Cables
Listed optical fiber cables shall be installed as wiring within

buildings. Optical fiber cables shall be marked in accordance
with Table 770.113.

Table 770.113 Cable Markings

Cable
Marking Type Reference
OFNP Nonconductive optical fiber 770.179(A) and
plenum cable 770.154
OFCP Conductive optical fiber plenum 770.179(A) and
cable 770.154(A)
" OFNR Nonconductive optical fiber riser ~ 770.179(B) and
cable 770.154(B)
OFCR Conductive optical fiberrisercable  770.17%(B) and
770.154(B)
OFNG Nonconductive optical fiber 770.179(C) and
general-purpose cable 770.154(C)
QOFCG Conductive optical fiber general- 770.17%C) and
purpose cable 770.154(C)
OFN Nonconductive optical fiber 770.179(D) and
general-purpose cable 770.154(C)
OFC Conductive optical fiber general-  770.179(D) and
770.154(C)

purpose cable

FPN No. 1: Cables types are listed in descending order
of fire resistance rating. Within each fire resistance rating,
nonconductive cable is listed first because it may substi-
tute for the conductive cable.

FPN No. 2: Sec the refi d sections for requi

and permitted uses.

Exception No. 1: Optical fiber cables shall not be require‘

to be listed and marked where the length of the cable withi
the building, measured from its point of entrance, does not
exceed 15 m (50 ft) and the cable enters the building from
the outside and is terminated in an enclosure.

FPN: Splice cases or terminal boxes, both metallic and
plastic types, typically are used as enclosures for splicing
or terminating optical fiber cables.

Exception No. 2: Nonconductive optical fiber cables shall
not be required to be listed and marked where the cable
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Article 770 — Optical Fiber Cables and Raceways

enters the building from the outside and is run in raceway
systers installed in compliance with any of the following
articles in Chapter 3: Article 342, Intermediate Metal Con-
duit: Type IMC; Article 344, Rigid Metal Conduit: Type
RMC: Article 352, Rigid Nonmetallic Conduir: Type RNC:;
and Article 358, Electrical Meuallic Tubing: Type EMT.

770.133 Installation of Optical Fibers and
Electrical Conductors

(A) With Conductors for Electric Light, Power, Class
1, Non-Power-Limited Fire Alarm, or Medium Power
Network-Powered Broadband C jons Cir-
cuits Optical fibers shall be permitted within the same com-
posite cable for electric light, power, Class 1, non—power-
limited fire alarm, or medium power network-powered
broadband communications circuits operating at 600 volts
or less only where the functions of the optical fibers and
the electrical conductors are associated.

Nonconductive optical fiber cables shall be permitted
to occupy the same cable tray or raceway with conductors
for electric light, power, Class 1, non—power-limited fire
alarm, Type ITC, or medium power network-powered broad-
band communications circuils, operating at 600 volis or less.
Conductive optical fiber cables shall not be permitted to
occupy the same cable tray or raceway with conductors for
electric light, power, Class 1, non-power-limited fire alarm,
Type ITC, or medium power network-powered broadband
communications circuits.

Composite optical fiber cables containing only current-
carrying conductors for electric light, power, Class 1 circuits
rated 600 volts or less shall be permitted to occupy the
same cabinet, cable tray, outlet box, panel, raceway, or other
termination enclosure with conductors for electric light,
power, or Class 1 circuits operating at 600 volts or less.

Nenconductive optical fiber cables shall not be permit-
ted to occupy the same cabinet, outlet box, panel, or similar
enclosure housing the electrical terminations of an electric
light, power, Class 1, non-power-limited fire alarm, or me-
dium power network-powered broadband communications
circuit.

Exception No. 1: Occupancy of the same cabinet, outlet
box, panel, or similar enclosure shall be permitted where
nonconductive optical fiber cable is functionally associated
with the electric light, power, Class I, non-power-limited
fire alarm, or medium power network-powered broadband
communications circuit.

Exception No. 2: Occupancy of the same cabinet, outlet
box, panel, or similar enclosure shall be permitted where
nonconductive optical fiber cables are installed in factory-
or field-assembled control centers.

Exception No. 3: In industrial establishments only, where
conditions of maintenance and supervision ensure that only
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770.179

i
|
4

qualified persons service the installation, noncondycy;
tical fiber cables shall be permitted with circuits exceeii
600 vols. . R J

' in other spaccs used for environmental air as described
1 3w_22(C). Only type OFNP and OFCP cables shall be
k., mitted (o be installed in these raceways.

Exception No. 4: In industrial establishments only, € PN See 8.14.1 of NFPA 13 (2002), Installation of
conditions of maintenance and supervision ensure thg; ; sprinkler Systems, for requirements for sprinklers in con-
cealed spaces ini posed ¢ i

qualified persons service the installation, composite opiiee]
fiber cables shall be permitted to contain rurmzr.',},mj
conductors operating over 600 volts. {

(B) With Other Conductors Optical fibers shail b5
mitted in the same cable, and conductive and nonconductiv®
optical fiber cables shall be permitted in the same ca]
tray, enclosure, or raceway with conductors of any.of 1§
following: . .

(1) Class 2 and Class 3 remote-control, signaling, A-
power-limited circuits in cc with Anticle 72548

(2) Power-limited fire alarm systems in compliance wii
Article 760 wo-

(3) Communications circuits in compliance with';Article
Sm Pid I

(4) Community antenna television and radio distributiol
systems in compliance with Article 820

(5) Low-power network-powered broadband communica®
tions circuits in compliance with Article 830 . A

permitted in

(C) Grounding Non—current-carrying conductive, mem
bers of optical fiber cables shall be grounded in accordancé
with Anticle 250. )

etrations.

770.154 Applications of Listed Optical Fibé? 770.154(A) and

Cables and Raceways N
Nonconductive and conductive optical fiber cables shill
comply with any of the requirements given in 770.154(AV S
through 770.154(E) or where cable substitutions are made;
as shown in 770.154(F). .

1t should be noted that 770.3(A) requires the remova

F's) Riser Cablcs installed in risers shall be as described
any of the foltowing:

F) Cables instalied in vertical runs and penetrating more
k. ,than one floor, or cables installed in vertical runs in a
L shaft, shall be Type OFNR or OFCR. Floor penetrations
‘requiring Type OFNR or OFCR shall contain only ca-
bles suitable for riser or plenum use. Abandoned cables
5 shall not be permitted to remain. Listed riser optical
fiber raceways shall be permitted to be installed in verti-
cal riser runs in a shaft from floor to floor. Only Type
OFNP., OFCP, OFNR, and OFCR cables shall be permit-
ted to be installed in these raceways.

) Type OFNG, OFN, OFCG, and OFC cables shall be
j. permitted to be encased in a metal raceway or located
F- in a fireproof shaft having firestops at each floor.

) Type OFNG, OFN, OFCG, and OFC cables shall be

one- and wo-family dwellings.

FPN: See 300.21 for firestop requirements for floor pen-

i
C) Other Wiring Within Buildings Cables installed in
building locations other than the locations covered in

770.154(B) shall be Type OFNG, OFN,

OFCG, or OFC. Such cables shall be permitted to be installed
3 in ljsted general-purpose optical fiber raceways.

D) Hazardous (Classified) Locations Cables installed in
hazardous (classified) locations shall be any type indicated
Table 770.154.

" |
RTable 770.154 Cable Substitutions

o
accessible abandoned optical fiber cable. Abandoned i:%%

: " - i 2 g Cabt
increases fire toading unnecessarily. and, where instafled ble Type

Permitted Substitutions

plenums. it can affect airflow. Similar requirements cal, \’ =00
found in Articles 640, 645, 725, 760. 800, 820, and’S3

None

OFNP

OFNP

OFNP. OFCP, OFNR

OFNP, OFNR
OFNP.OFCP.OFNR,OFCR, OFNG, OFN

See the definition of abandoned ¢ ications. ca
800.2. )
OFNG, OFN
0FCG, OFC
(A) Pl Cables i lled in ducts, pl and othery b 3

spaces used for environmental air shall be Type OFNP ¢
OFCP. Abandoned cables shall not be permitted to remet
Types OFNR, OFCR, OFNG, OFN, OFCG, and OFC cabk
installed in compliance with 300.22 shall be permi
Listed plenum optical fiber raceways shall be pcfmiﬁed"o(
be instafled in ducts and plenums as described in 300.2267HA

o |

W) Cable Trays

tays,

2005 National Electrical Code H”"'”’m Wional Electrical

Optical fiber cables of the types listed in

kTible 770.113 shail be permitted to be installed in cable

" 4 FPN: It is not the intent to require that these optical fiber
Cablles be listed specifically for use in cable trays.

Code Handbook 2003

(F) Cable Substitations The substitutions for optical fiber
cables listed in Table 770.154 shall be permitted.

Noi " c "

Flamrm CFNP OFCP

Cable A may be used in ptace of cable B.

Figure 770.154 Cable Substitution Hierarchy.

IV. Listing Requirements
770.179 Optical Fiber Cables

Optical fiber cables shall be listed in accordance with
770.179(A) through 770.179(D).

(A) Types OFNP and OFCP Types OFNP and OFCP non-
conductive and conductive optical fiber plenum cables shall
be listed as being suitable for use in ducts, plenums, and
other space used for environmental air and shall also be listed
as having adequate fire resistant and low smoke producing
characteristics.

FPN: One method of defining a cable that is low smoke
producing cable and fire-resistant cable is that the cable
exhibits a maximum peak optical density of 0.5 or less,
an average optical density of 0.15 or less, and a maximum
flame spread distance of 1.52 m (5 ft) or less when tested
in accordance with NFPA 262-2002, Standard Method
of Test for Flame Travel and Smoke of Wires and Cables
for Use in Air-Handling Spaces.

For further information on the fire test method for optical
fiber plenum cables. see the commentary following
725.82(A). FPN.

(B) Types OFNR and OFCR Types OFNR and OFCR
nonconductive and conductive optical fiber riser cables shall
be listed as being suitable for use in a vertical run in a shaft
or from floor to floor and shall also be listed as having
the fire-resistant characteristics capable of preventing the
carrying of fire from floor to floor.

FPN: One method of defining fire-resistant characteris-
tics capable of preventing the carrying of fire from floor
to floor is that the cables pass the requirements of ANSI/
UL 1666-2002, Standard Test for Flame Propagation
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Atticle 780 — Closed-Loop and Programmed Power Distribution 780.3

Height of Electrical and Optical-Fiber Cable Insialled
Vertically in Shafts.

For further information on the fire test method for optical
fiber riser cables. see the commentary following 725.82(8).
FPN.

(C) Types OFNG and OFCG Types OFNG and OFCG
nonconductive and conductive general-purpose optical fiber
cables shall be listed as being suitable for general-purposc
use, with the exception of risers and plenums, and shall also
be listed as being resistant to the spread of fire.

FPN: One method of defining resistance to the spread

of fire is for the damage (char length) not to exceed 1.5

m (4 ft 11 in.) when performing the vertical flame test

for cables in cable trays, as described in CSA C222

No. 0.3-M-1985, Test Methods for Electrical Wires and

Cables,

For further information on the fire test method for optical
fiber cables used as other wiring within buildings, sec the
commentary following 725.82(C). FPN.

(D) Types OFN and OFC Types OFN and OFC noncon-
ductive and conductive optical fiber cables shall be listed
as being suitable for general-purpose use, with the exception
of risers, plenums, and other spaces used for environmental
air, and shall also be listed as being resistant to the spread
of fire.

FPN: One method of defining resistant to the spread of

fire is that the cables do not spread fire to the top of the

tray in the vertical-tray flame test in ANSVUL 1581-

1991, Reference Standard for Electrical Wires, Cables,

and Flexible Cords.

Another method of defining resistant to the spread

of fire is for the damage (char length) oot to exceed 1.5

m (4 ft 11 in.) when performing the vertical flame test

for cables in cable trays, as described in CSA C22.2

No. 0.3-M-1985. Test Methods for Electrical Wires and

Cables.

770.182 Optical Fiber Raceways

Optical fiber raceways shall be listed in accordance with
770.182(A) through 770.182(C).

The optical fiber raceways covered in 770,182 are listed
raceways used in plenum. riser. ar general-purpose applica-
tions. This listing includes raceways and fittings for installa-
tions of nonconductive optical fiber cables in accordance
with Article 770. These raceways are not suitable for insalls-
tion af current-carrying conductors, cords, or cables. Nor
are these ruceways suitable for installations of hybrid cables
that contain optica fiber members and current-carsying con-

ductors,

ms

- for Optical Fiber Cable Ruceway. This raceway is id

3
with the plenum test in UL 2024, Standard for Optical

Plenum Racewa
4 fiber Cable Raceway.

A raceway marked “plenum™ is suitable for use
plenums. or other spaces used for environmentaf aifi "
dance with 770.133(A) where used 10 enclose optica 2
cabies marked OFNP. This plenum raceway exhibitg 'a‘ X
mum peak optical density of (1.3, a maximum average dpray
dcn_sily of 0.15. ﬂ".d a i ﬂ':lmc-spread d&s aiid G/ .. capable of preventing the carrying of fire from floor
S 1t when tested in accordance with the Ple“‘!m"lcs {mﬂoor is that the r ¥s pass the requi of the
UL 2024, Standard for Oprical Fiber Cuble Racewiy§7 %8 Lm for Flame Propagation (siser) in UL 2024, Standard
raceway is identified by a marking on the surface; ‘for Optical Fiber Cable Raceway.

raceway or on a marker tupe indicoting “plenum,? {
way marked “plenum is also suitable for installaied ; General-Purporse Optical Fiber Cable Racewa):
risers where used 10 enclose optical fiber cables mgk g Gﬂi‘fﬂ'pu'?ose optical fiber cable raccway shall be listed
OFNP or OFNR and for general-purpose use where iz S %being resistant to the spread of fire.

enclose vptical fiber cables marked OFNP. OFNR, O
or OFN. .

Et

| Riser Optical Fiber Raceway Riser optical fiber race-
nl shall be listed as having fire-resistant characieristics
pe of preventing the carrying of fire from floor to floor.

FPN: One method of defining fire-resistant characteris-

‘FPN: One method of defining resistance to the spread
L of fire is that the 1 ys pass the requi of the
} Vertical-Tray Flame Test (General Use) in UL 2024,
- Standard for Optical Fiber Cable Raceway.

Riser Raceway ;
A raceway marked “riser” is suitable for insla!lauqn
risers in accordance with 770.154{B) where used to enclose
optical fiber cable marked OFNP or OFNR. This race iy i

nt churacteristics capable of prevent éﬁh

)

ARTICLE 780
Closed-Loop and Programmed
: Power Distribution

has fire-res

by a marking on the surface of the raceway or on
tape indicating “riser.” A raceway marked “rises
suitable for general-purpose use when used to enclose
tiber cable marked OFNP, OFNR. OFNG. or OFN,

ontents
3 :’ Scope
2 General

General-Purpose Raceway
A raceway mathed " general purpose” is 4l
tion i general-purpose areas in accordance with 770.1?4(
where used 1o enclose optical fiber cable marked OFNP
OFNR. OFNG. or OFN. General-purpose raceway. hasii
resistant characteristics that are capable of prevcnlixig'!‘l
spread of fire us determined by the Vertical-Tray Flam

[A} Churacteristic Electrical Identification Required

{(B) Cunditions for De-Energization

(C) Additionat Conditions for De-Energization When an
; Alicrnate Source of Power Is Used

D) Controller Malfunction

205 Power Limitation in Signaling Circuits

B106 Cahles and Conductors

) {A) Hvbrid Cable N

l [B) Cables and Conductors in the Same Cabinet, Panel,
ar Box

7 Noniaterchangeability

of the inner edge of any hend to which the ra :
bent without cracking either on the outer surtuce o m!f!rn]}
is ot fess thap 24 times the outside diameter of the raceWagy

. A,
(A) Plenum Optical Fiber Raceway Plenum optical fiber=of 7 1 Scope

raceways shall be listed as having adequate ﬁm—mlsm‘f 4% provisions of this article apply to premise power distri-
and low smoke-producing characteristics. v on systems jointly controlled by a signaling between the
.7 4%%y controlling equipment and utilization equipment.
FPN: Onc method of defining that an optical fiber race” J
way is a low smoke producing raceway und a fire-resis
tant raceway is that the raceway exhibits a maxlm“c’d“
peak optical density of 0.5 or less, an average opul
density of 0.15 or less, and a maximum flame |
distance of 1.52 m (5 ft) or less when tested in accordanct

gilidle 750 provides sequisements for the “sman house™
PL which involves aniversal cable terminating in uni-
| outlets.

ki
1
E 1

oot
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Buildings wired by conventional methads require sepa-
rate sets of conductors for ditferent systems. In a sman
house. however. multiple conductors for 120-volt uc power.
24-valt de UPS. tetephone. remote-control. and signaling. as
well as couxiad cable, are combined in a single construction
known as Iivbrid cabling.

Hybrid cabling serves multipurpose receptacle outlets
known as convenience centers. which are capable of supply-
ing different types of energy und signals 10 specific appli-
ances or equipment.

A smanthouse uses an energy safety technique called
closed-loop control 10 reduce shock hazard. In conventional
wiring. receptacles are energized at all limes under normal
operating conditions. In the closed-loup configuration. re-
ceptacles are not energized uniil the insertion of an wtach-
ment plug generates a characteristic electrical identification,

Exhibit 780.1 illustrates a typical smant house instalta-
tion. Present smart house technology uses 120/240-volts ac,

with 24-volts de UPS. 1o maintain system electronics in the
event of a transient or utility power outage.

780.2 General

(A) Other Articles Except as modified by the requirements
of this article, all other applicable anicles of this Code shall
apply.

(B) Component Parts All equipment and conductors shall
be listed and identified.

780.3 Control

The control equipment and all power switching devices oper-
ated by the control equipment shall be listed and identified.
The system shall operate in accordance with 780.3(A)
through 780.3(D).

(A) Characteristic Electrical Identification Required
Outlets shall not be energized unless the utilization equip-
ment first exhibits a characteristic electrical identification.

Receptacles @
clectronic

ergized with 120-voltac power only when
Y in the convenience center receives this
characteristic identification,

(B) Conditions for De-Energization Outlets shall be de-
energized when any of the following conditions occur: .
(1) A nominal-operation acknowledgment signal is not

being received from the utilization equipment connected

to the outlet.
(2) A ground-fault condition exists.

Convenience center receptacles are de-energized when the

churacteristic electricat identification ceases (when the at-
tachment plug is withdrawn). In addition. appliances with
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secondary transformer voltage ratio, cffectively protects the
secondary conductors.

IX. Overcurrent Protection Over 600
Volts, Nominal

240.100 Feeders and Branch Circuits

(A) Location and Type of Protection Feeder and branch-
circuit conductors shall have overcurrent protection in each
ungrounded conductor located at the point where the conduc-
tor receives its supply or at an alternative Jocation in the
circuit when designed under engineering supervision that
includes but is not limited to considering the appropriate
fault studies and time~current coordination analysis of the
protective devices and the conductor damage curves. The

. overcurrent protection shall be permitted to be provided by
either 240.100(A)(1) or (A)(2).

(1) Overcurrent Relays and Current Transformers Cir-
cuit breakers used for overcurrent protection of 3-phase cir-
cuits shall have a minimum of three overcurrent relay
elements operated from three current transformers. The sepa-
rate overcurrent relay elements (or protective functions) shall
be permitted to be part of a single electronic protective relay
unit.

On 3-phase, 3-wire circuits, an overcurrent relay cle-
ment in the residual circuit of the current transformers shall
be permitted to replace one of the phase relay elements.

An overcurrent relay element, operated from a current
transformer that links all phases of a 3-phase, 3-wire circuit,
shall be permitted to replace the residual relay element and
one of the phase-conductor current transformers. Where the
neutral is not regrounded on the load side of the circuit as
permitted in 250.184(B). the current transformer shall be
permitted to link all 3-phase conductors and the grounded
circuit conductor {neutral).

(2) Fuses A fuse shall be connected in series with each
ungrounded conductor.

(B) Protective Devices The protective device(s) shall be
capable of detecting and interrupting all values of current
that can occur at their location in excess of their trip-setting
or melting point.

(C) Conductor Protection The operating time of the pro-
tective device, the available shon-circuit current, and the
conductor used shall be coord d to prevent d ing or
dangerous temperatures in conductors or conductor insula-
tion under short-circuit conditions.

240.101 Additional Requirements for Feeders

(A) Rating or Setting of Overcurrent Protective Devices
The continuous ampere rating of a fuse shall not exceed
three times the ampacity of the conductors. The long-time
trip element setting of a breaker or the minimum trip setting
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of an electronicaily actuated fuse shall not exceed six um“
the ampacity of the conductor. For fire pumps, conducum
shall be permitted to be protected for overcurrent in accor,

dance with 695.4(B). 4

(B) Feeder Taps Conductors tapped to a feeder shall be
permitted to be protected by the feeder overcurrent devqu
where that overcurrent device also protects the tap conductor

ARTICLE 250 :
Grounding and Bonding :

al

Summary of Changes H
« 250.2: Revised definition of effective ground-fault curre Y
path o include its function of facilitating the operatiog
of overcurrent devices or ground-fault detectors. ,r
Tahle 250.3: Added reference 1o Article 392 gruundm
requirements for cable trays.
250.4(A}(5): Revised to include facilitating the operatitg
of overcurrent devices or ground-fault detectors as pa
of the performance requirements for the effective graund
Sfault current path. .
250.8: Revised to prohibit vse of sheet metal screws.a
a means to attach connection devices for gruundm;, cor
ductors.
250.20¢E): Added new requirement to correlate 7502
with 250.36 and 250.186. r
250.21: Revised to require ground detectors un wi
grounded ac systems unless the voltage to ground is lcs
than 120 volts. H
250.24(B): Added requirement from 250.28 covering p
pose of the main bonding jumper at service equipmen!
250.28: Added the term system bonding jumper throu
out this section for application with separately deri_v
Systems. ¢
250.30: Reorganized this requirement to improve usabili
and integrated the new term system bonding jumper whtl
applicable. Revised requirement for sizing the commj
grounding electrode conductor 1o require a minim
3/0 AWG copper or 250 kemil aluminum conductor, |
250.32: Revised the title of the requirement to betier c
vey the type of supply to a building or structure U
is covered by these rules. Added new provision in
exception to 250.32(A) permitting multiwire’ circuilsy
be considered as a single branch circuit. ‘
250.50: Revised to require the use of a concrete-cn
electrode if a building has a footing or a foundati
Exception added to exempt existing buildings or stru
where access to concrete-encased electrode requires
aging the concrete.
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« 250.52(A)2): Deleted the phrase effectively grounded and
: provided a tist of conditions under which the metal frame
- of a building can be used as a grounding electrode.

. 250.64(B): Revised to delete the word severe from the
< pmlec(ion requirement for 4 AWG or larger grounding
lectrode conductors that are subject o physical damage.

.+ 250.64(C): Revised to permit the use of a copper or alumi-

“ﬁ %: pum busbar as a connection point for grounding electrode

% conductors or bonding jumpers.

lnzﬂo 64(D): Revised (o clarify requirements for sizing the
3 gmundmg electrode conductor and the grounding elec-

?u—ode “taps” used in multiple service disconnecting means
 arrangements.

-1250.64(E) Revised to limit the bonding requirement to

Tgvferrous metal enclosures and to indicate that nonferrous

\‘ﬁmetal enclosures are not required to be electrically contin-

fclectrode connections to structural metat encapsulated

%250.68(:\): Added an exception exempling grounding

gkvulh fire-proofing material from having to be accessible.

i :250.84(B): Revised requirement to apply only to metal
-raceways that contain metal sheathed or armored cable.
:%25(), 92(B)(4): Revised to require that bonding fitting used
al services be listed.
b 250 100: Revised to require specific bonding methods for
;racewgys. enclosures. and equipment installed in hazard-
ous (classified) locations regardless of the presence of
2 supplementary equipment grounding conductor in the
sraceways or enclosures.
3250, 104(D): Relocated requirements for bonding wuter
% piping and structural metal to separately derived systems
from 250.104(A)4) of 2002 Code.

’ 12250.118(5)d and 250.118(6)e: Revised to indicate that

only where the flexible metal or liquidiight flexible metal
Gsonduit requnres the ablluy to flex or move after the initial
mstallauan isa “*wire type™ equipment grounding conduc-
tor required.
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250.118(14): Added surface metal raceways listed for

grounding as a permitted type of equipment grounding
conductor.

‘_250 122(E): Revised 1o require sizing equipment ground-
118 conductor per Table 250.122 for cords and fixture
A Wire. with circuit conductors larger than 10 AWG.

250. 122(G) Added new requirement for sizing wire-type

g(lllulpmem grounding conductors run with feeder tap con-
ctors.:

2

Bsg -126: Revised to permit other grounding symbols.

e -146(A): Revised to permit a listed self-grounding
2mact yoke or device that complies with 250.146(B).

Added rule to require thut at least one of the insulating
mounting screw retention washers be removed from recep-
tacles that are not the listed self-grounding type.

250.184: Revised section to contain specific rules for
single-point grounded neutral systems. Clarified that both
single-point or multigrounded neutral systems are permit-
lcd by this requirement. Added specific installation re-
q s for each gre g option.

Contents

1. General
250.1 Scope
250.2 Definitions
250.3 Application of Other Articles
250.4 General Requirements for Grounding and
Bonding
(A) Grounded Systems
(B) Ungrounded Systems
250.6 Objectionable Current over Grounding
Conductors
(A) Armangement to Prevent Objectionable Current
(B) Alterations to Stop Objectionable Current
(C) Temporary Currents Not Classified as
Objectionable Currents
(D) Limitations to Permissible Alterations
(E) Isolation of Objectionable Direct-Current
Ground Currents
250.8 Connection of Grounding und Bunding
Equipment
250.10 Protection of Ground Clamps and Fittings
250.12 Clean Surfaces
II. System Grounding
250.20 Alternating-Current Systems to Be Grounded
(A) Alternating-Current Systems of Less Than 50
Volis
(B) Alternating-Current Systems of 50 Volts to
1000 Volts
(C) Alternating-Current Systems of 1 kV and Over
(D) Separately Derived Systems
(E) Impedance Grounded Neutral Systems
250.21 Alternating-Current Systems of 50 Volts to
1000 Volis Not Required to Be Grounded
250.22 Circuits Not to Be Grounded
250.24 Grounding Service-Supplied Alternating-
Current Systems
(A) System Grounding Connections
(B) Main Bonding Jumper
(C) Grounded Conductor Brought to Service
Equipment
(D) Grounding Electrode Conductor
(E) Ungrounded System Grounding Connections
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250.26 Conductor to Be Grounded — Alternating-
Current Systeins
250.28 Muain Bonding Jumper and System Bonding
Jumper
(A) Muieriat
(B) Construction
(C)y Attachment
(D) Size
250.30 Grounding Separately Derived Alternating-
Current Systeins
(A) Grounded Systems
(B) Ungrouaded Systems
250.32 Buildings or Structures Supplied by Fecder(s)
or Branch Circuit(s)}
(A) Grounding Elecuode
(B) Grounded Systems
(C) Ungrounded Sysiems
(D) Disconnecting Means Located 'in Separate
Building or Structure on the Same Premises
(E) Grounding Electrode Conductor
250.34 Portable and Vehicte-Mounted Generators
(A) Portable Generators
(B) Vehicle-Maounted Generators
(C) Grounded Conductor Bonding
250.236 High-Impedance Grounded Neutral Systems
(A) Grounding Impedance Location
(B) Newral Conductor
(C) System Neutral Connection
(D1 Neutral Conductor Routing
(E) Equipment Bonding Jumper
(¥) Grounding Electrode Conductor Location
(GY Equipment Bonding Jumper Size
Grounding Electrode System and Grounding Electrode
Conductor
250.50 Grounding Electredle System
250.52 Grounding Electrodes
(A) Electrodes Permitted for Grounding
(B) Electrodes Not Permitted for Grounding
250.53 Grounding Electrode System Installation
(A) Rod, Pipe, and Plate Electodes
(B) Electrode Spacing
(C) Bonding Jumper
(D) Metal Underground Water Pipe
(E) Supplemental Electrode Bonding Connection
Size
(F) Grouud Ring
tG) Rud and Pipe Electrodes
(H) Plate Electrode
250.54 Supplementary Grounding Electrodes
250.56 Resistance of R, Pipe, and Plate Electrodes
250.58 Common Grounding Electrode
250.60 Use of Air Terminals
250.62 Grounding Electrode Conductor Material

. Enclosure. Ruceway. and Service Cable Groundig

" Bonding

250.64 Grounding Electrode Conductor Instail,
(A) Aluminum or Copper-Clad Aluminym i

[ Structural Metal
[0 g Separately Derived Systems

Conductors 6, Lightning Protection Systems
(B) Securing and Protection from thswal ment Grounding and Equipment Grounding
Damage " W

] Equipment Fastened in Place or Connected by
B Permanent Wiring Methods (Fixed)

AFastened in Place or Connected by Permanent

F Wiring Methods (Fixed) — Specific

:Switchbourd Frames and Structures

ipé Organs

5 Motor Frames

D)zEnclosures for Motor Controllers

(C) Continuous

(1) Grounding Electrode Conductor Tﬂps

(E) Enclosures for Grounding Electrxde
Conductors

{F) To Electrode(st

250.66 Size of Ahernating-Current (rroundmg

Electrode Conductor

(A} Connections to Rod. Pipe. or Plate Eleg

(B) Connectidns 1o Concrete-Encased Eleoty

(C) Connections 10 Ground Rings

 Garages, Theaters, and Motion Picture Studios
250.68 Grounding l:lutmdg Conduunr and Boy

: Electric Signs

{H) Motion Picture Projection Equipment

| Power-Limited Remote-Control, Signaling,
Fand Fire Alarm Circuits

(1); Luminaires (Lighting Fixtures)

Kl Skid Mounted Equipment

l‘f)iMolor Operated Water Pumps

M)#Metal Well Casings

5; Equxpmcnl Conmued by Cord and Plug

(A} Accessibility
(B) Effective Grounding Path ¥
250.70 Methods of Grounding and Bonding
Conductor Connection to Electrodes

250.80 Service Raceways and Enclosures
250.84 Underground Service Cable or Raceway)
(A) Underground Service Cable 4
(B) Underground Service Raceway Contai
Cable

250.86 Other Conductor Enclosures and Racewgid

ypes of Equipmenl Grounding Conductors
_Identification of Equipment Grounding
. Con'ductors

25090 General
250.92 Services
(A) Bonding of Services
(B) Method of Bonding at the Service
250.94 Bonding for Other Systems
250.96 Bonding Other Enclosures
{A) General
(B) Isolated Grounding Circuits
250.97 Bonding for Over 250 Volts
250.98 Bonding Loosely Jointed Metul Racewdy ;
2501100 Bonding in Hazardous (Classitied) Locy £)3General

5

250.102 Equipment Bonding Jumpers 3 I"Z'l‘;aslc‘-' in Size

(A) Material H Mmo:l éi?:;u“s
5 cults

(B) Attachmem Y

C Flexible Cord and Fixture Wi
n S8 rd and Fixture Wire

(Cy Size — Equipment Bonding Jumperon Conductors in Parallel

Side of Service i Feeder Taps

—_ ing r o
(D) Size — Equipment Bonding Jumper 0f eEquipment Grounding Conductor Continuity

Side of Service ? Separable Cunnections
(E) Instaltation Witches

250.104 Bonding of Piping Systeims and Expose] entification of Wiring Device Terminals
Structuraf Steel ods 'S of. Equlpmult Grounding

(l\' Metal Water Piping

(B) Other Metal Piping

™ Installation

Raceway, Cable Trays, Cable Armor,

.Cablebus, or Cable Sheaths

Aluminum and Copper-Clad Aluminum

Conductors

k- Equipment Grounding Conductors Smaller
= Than 6 AWG

ize of Equipment Grounding Conductors

4
!
!
3

(B} For Ungrounded Systems
(C) Nongrounding Receptacle Replacement or
Brunch Circuit Extensions
250.132 Short Sections of Ruceway
250.134 Equipment Fastened in Place or Connected by
Permanent Wiring Methods (Fixed) — i
Grounding
(A) Equipment Grounding Conductor Types
(B) With Circuit Conductors
250.136 Equipment Considered Effectively Grounded
(A) Equipment Secured to Grounded Metal
Supports
(B) Metal Car Frames
250.138 Cord-and-Plug-Connected Equipment
(A) By Means of an Equipment Grounding
Conductor
(B) By Means of a Separate Flexible Wire or
Strap
250.140 Frames of Ranges and Clothes Dryers
250.142 Use of Grounded Circuit Conductor for
Grounding Equipment
(A) Supply-Side Equipment
(B) Load-Side Equipment
250.144 Multiple Circuit Connections
250.146 Connecting Receptacle Grounding Terminal to
Box
(A) Surface Mounted Box
(B) Contact Devices or Yokes
(C) Floor Boxes
(D) Isolated Receptacles
250.148 Coutinuity and Attachment of Equipment
Grounding Conductors to Boxes
(A) Connections
(B) Grounding Cuntinuity
(C) Metal Boxes
{D) Nonmetallic Boxes
(E) Solder
VIII. Direct-Current Systems
250.160 General
250.162 Direct-Current Circuits and Systems to Be
Grounded
(A) Two-Wire, Direcr-Current Systems
(B) Three-Wire. Direct-Current Systems
250.164 Poim of Connection for Direct-Current
Systems
{A) Off-Premises Source
(B) On-Premises Source
250.166 Size of Direct-Current Grounding Elecirode
Conductor
(A) Not Smaller Than the Neutral Conductor
(B) Not Smaller Than the Largest Conductor
(C) Connected to Rod. Pipe. or Plate Electrodes
(D) Connected to a Concrete-Encased Electrode
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(E) Conneciced to a Ground Ring
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250,168 Direct-Current Bonding Jumper
250,169 Ungrounded Direct-Current Separately
Derived Systems
IN. Insteumients, Meters, and Relays
250.170 Insteument ‘Transformer Circuits
250,172 instrument Transformer Cases
250.174 Cases of Instruments, Meters, and Relays
Operating at Less Than 1000 Voits
1A Not on Switchboards
() On Dead-Front Switchboards
() On Live-Front Switchboards
2501176 Cases of Instruments, Meters, and Relays —
Operating Voltage | kV and Over
250.{78 Instrument Grounding Conductor
winding of Systems and Circuits of | kV and Over
{High Valiage)
250180 Generad
250,182 Derived Neutral Systems
250.184 Solidly Grounded Neutral Systems
(A1 Neutral Condluctor
¢BY Single Point Grounded System
(C) Multigrounded Neutral Systems
250186 Impedance Grounded Neutral Systems
(A) Location
1By Identified and Insulated
1C) System Neutial Connection
(D) Equipment Grounding Conductors
250.188 Grounding of Systems Supplying Portable or
Mubile Equipment
(A) Portiblc or Mobile Equipment
18y Exposed Non-Current-Carrying Metal Parts
(C) CGiround-Fault Current
(D) Ground-Fault Detection and Relaying
(£) Isolation
(F) Trailing Cable and Couplers

250190 Grounding of Equipment

I. General

250.1 Scope )
This article covers general requirements for grounding and

posals and comments. To better organize the existing require.

ments. simitar rules that previously appeared in dilferen
parts of Article 250 were relocated and grouped in the same
part of the article. In addition. many ol the exceptions were
converted into positive code language. The overall new ap.
proach o the layous provides a more user-friendly Article
250, As an aid 1o the users of the Code. the commentary
for Annex F provides two cross-reference fisis. Exhibit F |
references the 1996, 1999, 2002, and 20035 sections to the
1996 Article 250 topics. and Exhibit F.2 references the 20023
1999, and 1996 sections (o the 20035 Article 250 wpics. For
the 2005 Code, the titie of Article 230 has been changed to
Grounding and Bonding to reintorce that groundi
bonding are Iwo separite coneepts bul are not mually]
exclusive and in fact are directly intesrelated through the
requirements of Article 250.

(1) Systems, circuits, and equipment required, permitted,
or not permitted to be grounded

(2) Circuit conductor 1o be grounded on grounded systems

(3) Location of grounding connections

(4) Types and sizes of grounding and bonding conductors
and electrodes .

(5) Methods of grounding and bonding

(6) Conditions under which guards, isolation, or insulation
may be substituted for grounding

250.2 Definitions

Effective Ground-Fault Current Path. An intentionally §
constructed, permanent, low-impedance electrically conduc
tive path designed and intended to carry curmrent under}
ground-fault conditions from the point of a ground fault on
a wiring system 1o the electrical supply source and that
facilitates the operation of the overcurrent protective device
or ground fault d on high-i e grounded sys-
tems.

Ground Fault. An unintentional. electrically conducting
connection between an ungrounded conductor of an clectri-
cal circuit and the normally non—current-carrying conduc
tors, metallic enclosures, metallic raceways, metallic

bonding of electrical installations, and specific req
in (1) through (6).

The complete revision of Article 230 is one of the most
significant changes o oceur i the recent history of the
Code. Undertaken during the 1999 Code revision cycle.
the wsk of reorganizing the large amount of subject matter
contained in this article for the purpose of creating a more
logical approach 10 the subject of grounding and bonding
was a collective effort of the NEC Usability Task Group.
Code-Making Punel 5. and NEC users who submitied pro-
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quip or earth.

Ground-Fault Current Path. An electrically conductive
path from the point of a ground fault on a wiring system
through normally non—current-carrying conductors, equip"
ment, or the earth to the electrical supply source.

FPN: Examplcs of ground-fault current paths could con-
sist of any of ding conduc-
tors, metallic. raceways, metallic cablc sheaths,  electrical
equipment, and any other electrically conductive material
such as metal water and gas piping, steel framing mem-
bers, stucco mesh, metal ducting, reinforcing steel.
shields of communications cables, and the earth itself.
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250.4

S:ctlon 250.2 was new for the 2002 Code. Following a
. sinmon numbering sequence throughout the NEC. defini-
tions that are specific to an article and not generally used
elsewhere now appear in X.2 of their respective articles,
For examples of article-related definitions, see 240.2, 280).2,
285 2, 517.2. and 680.2,

., One of the keys to proper application of the Anicle 250
n‘a_quxremems is uaderstanding the definitions of terms used
throughout the Code that relate 10 bonding and grounding.
SBmE of the most hasic and widely used tesms are bonding.
é;}mnded. grounded conductor, equipment grounding con-
Huctor, and grownding elecirode conductor. These lerms are

“§defined in Anticle 100.

'250.3 Application of Other Articles

" In other articles applying to particular cases of installation
". of conductors and equipment, requirements are identified in
. Table 250.3 that arc in addition to, or modifications of, those

of this article.

© 250.4 General Requirements for Grounding

. and Bonding

g The following general requirements identify what grounding

. ., andbonding of electrical systems are required to accomplish.
" The prescriptive methods contained in Article 250 shall be

followed 1o comply with the performance requirements of
this section.

Section 2504 provides the performance requirements for
gmundlng and bonding of electrical systems and equipment.
Rerformance-based requirements provide an overalt ohjec-
tive Without stating the specifics for accomplishing that ob-
2504 indicates that the
PCrfOI'mance objectives stated in 250.4(A) for grounded sys-
lems and in 250.4(B) for ungrounded systems are accom-

p fpllsht:d by complying with the prescriptive requirements

ound in the rest of Articte 250.
‘The requirements of 250.4 do not provide a specitic
fule, for the sizing or connection of grounding conductors:

i raxher, it states overall performance considerations  for

g undmg conductors and applies o both grounded and
ungmunded systems. Sections 250.44 AN5) for grounded Sys-
tems and 250.4¢By4) for ungrounded systems contain faukt
cun—em Path objectives that were stated in 250.51 of the
1996 and earlier editions of the Code.

"(A) Grounded Systems

m Electrica System Grounding Electrical systems that

. © grounded shall be connected to earth in a manner that

wi

uml; it the voltage imposed by lighting, line surges, or
‘l:::lonal contact with higher-voltage lines and that will
1abilize the voltage (o carth during normal operation.

y omal Electrical Code Handbook 2005

(2} Grounding of Electrical Equipment Non—current-
carrying conductive materials enclosing electrical conduc-
tors or equipment, or forming part of such equipment, shall
be connected to earth so as 1o limit the voltage to ground
on these materials.

(3) Bonding of Electrical Equipment Non—current-
carrying conductive materials enclosing electrical conduc-
tors or equipment, or forming part of such equipment, shall
be connected together and to the electrical supply source in
a manner that establishes an effective ground-fault current
path.

(4) Bounding of Electrically Conductive Materials and
Other Equipment Electrically conductive materials that
are likely to become energized shall be connected together
and to the electrical supply source in a manner that estab-
lishes an effective ground-fault current path.

(5) Effective Ground-Fault Current Path Electrical
equipment and wiring and other electrically conductive ma-
terial likely to become energized shall be installed jn a
manner that creates a permanent, low-impedance circuit fa-
cilitating the operation of the overcurrent device or ground
detector for high-impedance grounded systems. It shall be
capable of safely carrying the maximum ground-fault current
likely to be imposed on it from any point on the wiring
system where a ground fault may occur to the electrical
supply source. The carth shall not be considered as an effec-

tive ground-fault current path.

This section was revised for the 2005 Code to recognize
that the performance objective for the effective ground-fault
current path is not always to facilitate operation of an over-
curremt protective device. In the cuse of a high-impedance
grounded system installed in accordance with 250.36. the
performiance objective is to ensure operation of the reguired
ground detector to provide annunciation of a ground-lauft
condition.

(B) Ungrounded Systems

(1) Grounding  Electrical Egquipment Non-cument-
carrying conductive materials enclosing electrical conduc-
tors or equipment, or forming part of such equipment, shall
be connected to carthina manner that will limit the voltage
imposed by lightning or contact with higher-
voltage lines :md luml the voltage to ground on these
materials.

(2) Bonding of Electrical Equipmeat Non-current-
carrying conductive materials enclosing electrical conduc-
tors or equipment, or forming part of such equipment, shall
be connected together and to the supply system grounded
equipment in a manner that creates a permanent, low-imped-
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Table 250.3 Additional Grounding Requirements

Conductor/Equipment Article Section

Agricultural buildings 547.9 and 547.10
Audio signal processing, amplification, and reproduction equipment 640.7
Branch circuits 210.5, 210.6, 406.3
Cablebus * 370.9
Cable trays 392 392.3(C), 392.7
Capacitors 460.10, 460.27
Circuits and equipment operating at less than 50 volts 720
Closed-loop and programmed power distribution 7803
Communications circuits 800
Community antenna television and radio distribution systems 820.93, 820.100, 820.103
Conductors for general wiring 310 v
Cranes and hoists 610 ' 4
Electrically driven or controlled irrigation machines 675.11(C), 675.12, 675.13, 675.14, 675.15 E
Electric signs and outline lighting 600 3]
Electrolytic cells 663
Elevators, dumbwaiters, escalators, moving walks, wheelchair lifts, and stairway

chair lifts 620
Fire alarm systems 760.9
Fixed electric heating equipment for pipelines and vessels 427.29, 42748
Fixed outdoor electric deicing and snow-melting equipment 426.27
Flexible cords and cables 400.22, 400.23
Floating buildings 553.8, 553.10, 553.11
G ding-type 1 dap cord connectors, and attachment plugs 406.9
H: d (classnﬁcd) 500-517
Health care facilities 517
Induction and dielectric heating equipment 665
Industrial machinery 670
Information technology equipment 645.15
Intrinsically safe systems 504.50
Luminaires (lighting fixtures) and lighting equipment 410,17, 410.18, 41020, 410.21, 410.105(B)
Luminaires (fixtures), 1d and lamps 410
Marinas and boatyards 555.15
Mobile homes and mobile home park 550
Motion picture and television studios and similar locations 530.20, 530.64(B)
Motors, motor circuits, and controflers 430
Outlet, device, pull, and junction boxes; conduit bodies; and fittings 3144, 31425
Over 600 volts, nominal, underground wiring methods 300.50(B)
Panelboards ' 408.40
Pipe organs 650
Ragdio and television equipment 810
Receptacles and cord 406.3
R ional vehicles and | vehicle parks 551
Services 230
Solar photovoltaic systems 690.41, 690.42, 690.43, 690.45, 690.47 i3
Swimming pools, fountains. and similar installations 680
Switchboards and panelboards 408.3(D)
Switches 404.12
Theaters, audience areas of motion picture and television studios, and similar

locauons 520.81
Transformers and transformer vaults 450.10
Use and identification of grounded conductors 200
X-ray equipment 660 517.78
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ance path for ground-fault current that is capable of carrying
the maximum fault current likely to be imposed on it.

(3)' Bonding of Electrically Conductive Materials and
Other Equipment Electrically conductive materials that
are likely to become energized shall be connected together
and to the supply systern grounded equipment in a manner
that creates a permanent, low-impedance path for ground-
fault current that is capable of carrying thc maximum fault
cun'cnt likely to be imposed on it.

(4) Path for Fault Current Electrical equipment, wiring,
+*and other electrically conductive material likely to become

- energized shall be installed in a manner that creates a perma-

! nent, low-impedance circuit from any point on the wiring

system to the electrical supply source to facilitate the opera-
; tion of overcurrent devices should a second fault occur on
- the .wiring system. The earth shall not be considered as an
. effecu'vc fault-current path.

7 FPNNo. I: Asccond faultthatoccurs n\roughtheequxp-
.. % ment encl and b g is id a ground
¢ - fault

,m,FPN No. 2: See Figure 2504 for mfonnauon on the
B organization of Article 250.

G
{1+ Part) General

| |
U Partll System

', grounding
R —
b
:Part Vill Direct-current
g ste:

. Pa X Grounding of
“éystems and circuits of
1 kV and aver (high vohage)

Article 250 — Grounding and Bonding

Grounding can be divided into two areas: system grounding
and equipment grounding. These two areas are kept separate
except at the point where Lhey receive their source of power,
such as at the service equipment or at a separately derived
system.

Grounding is the intentional connection of a current-
carrying conductor to ground or something that serves in
place of ground. In most instances. this connection is made
at the supply source, such as a transformer, and at the main
service disconnecting means of the premises using the en-
ergy.

There are three basic reasons for grounding:

. To limit the voltages caused by lightning or by acciden-
tal contact of the supply conductors with conductors of
higher voltage

2. To stabilize the voltage under normal operating condi-

tions (which maintains the voltage at one level relative
10 ground, so that any equipment connectéd to the sys-
tem will be subject only to that potential difference)

3. To facilitate the operation of overcurrent devices. such

as fuses. circuit breakers, or relays, under ground-fault

conditions

Exhibit 250.1 shows a typical grounding system for a single-
phase. 3-wire service supplied from a utility transformer.
Inside the service disconnecting means. the grounded con-
ductor of the system is intentionally connected to a ground-
ing electrode via the grounding electrode conductor. Bonding
the equipment grounding bus to the grounded or neutral bus
via the main bonding jumper within the service discon-
necting means provides a ground reference for exposed,
non-current-carrying parts of the electrical system and a
circuit through the grounded service conductor back to the
utility transformer (source of supply) for ground-fault cur-

Pun 11 Grounding electroie
* system and
__electroda conductor

PartV Bonding

4. PartiV Enclosure,
+ Taceway, and service
: cable grounding

Part V) Equipment
grounding and equipment
- _grounding conductors

Part Vil Methods of
equipment grounding

Part IX Instruments,
meters, and relays

Utility transformer

== Equipment
grounding
bus bonded
= to enclosure
Grounded sarvice conductor ——
or neutral bus
) 1
Grounding electrode —s ——  Main bonding jumper
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Exhibit 250.1 A typical grounding system for a single-phase, 3-
wire service.
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rent. At the utility transformer. ofientimes. an additional
connection from the grounded conductor 1o a separate
grounding electrode is made.

25(.6 Objectionable Current over
Grounding Conductors

(A) Arrangement to Prevent Objectionable Current
The grounding of electrical systems, circuit conductors,
surge arresters, and conductive non~current-carrying materi-
als and equipment shall be installed and arranged in a manner
that will prevent objectionable current over the grounding
conductors or grounding paths.

(B) Alterations to Stop Objectionable Current If the use

of multiple grounding connections results in objectionable

current, one or more of the following alterations shali be

permitted to be made, provided that the requirements of

250.4(A)5) or (B)(4) arc met:

(1) Discontinue one or more but not all of such grounding
connections.

(2) Change the locations of the grounding connections.

(3) Interrupt the continuity of the conductor or conductive
path interconnecting the grounding connections.

(4) Take other suitable remedial and approved action.

An increase in the use of electronic controls and computer
equipment., which are sensitive Lo sway cumrents. has caused
installation designers to look for ways to isolate electronic
equipment from the effects of such stray circulating curvents.
Circulating currents on equipment grounding conductors.
metal raceways. and building steel develop potentiat differ-
ences between ground and the neutral of electronic equip-
ment.

A solution often recommended by inexperienced indi-
viduals is to isolate the clectronic equipment from all other
power equipment by disconnecting it from the power equip-
ment ground. In this ill-conceived corrective action. the
equipment grounding means is removed or nonmetallic spac-
ers are installed in the metallic raceway system. The elec-
tronic equipment is then grounded to an earth ground isolated
from the common power system ground. Isolating equipment
in this manner creates a patential difference that is a shock
hazard. The error is compounded because such isolation
does not establish a low-impedance ground-fault rewrn path
10 the power source. which is necessary to actuate the over-
current protection device. Section 250.6(B) is not intended
to altow disconnection of all power grounding connections to
See also the corr y following

the electronic equip
250.6(D).

(C) Temporary Currents Not Classified as Objectionable
Currents Temporary currents resulting from accidental con-
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ditions, such as ground-fault currents. that occur m'ﬂy-,w
the grounding conductors are performing their intended
tective functions shall not be classified as objectionable )
rent for the purposes specified in 250.6(A) and (B), 3N
(D) Li to Per ible Alterations The p“; .
jons of this section shall not be considered as pe;
electronic equipment from being operated on ac systen

branch circuits that are not grounded as required y
article. Currents that introduce noise or data errors in
tronic equipment shall not be considered the objectio
currents addressed in this section. H

Section 250.6(D) indicates that currents that result in,
or data errors in electronic equipment are not considegh
be the objectionable currents refested to in 250.6, @4
limits the alterations permitted by 250.6(C). See 25 )
and 250.146(D) for requirements that provide safe bopgind
and grounding methods (o minimize noise and data; ezl

4
(E) Isol

ac coupling/dc isolating device shall be permitted i
equipment grounding path to provide an effective return
for ac ground-fault current while blocking dc current

The de ground current on grounding conductors as a g s
of a cathodic protection system may be cansidered objecieg

able. Because of the required grounding and bonding co
tions associated with metal piping systems, it is inev] ta
that where cathodic protection for the piping system FEPg

vided, dc current will be present on grounding and bog e
p

conductors.
Section 250.6(E) allows the use of 4 listed ac coy|
dc isolating device. This device prevents the dc curre

of Objectionable Direct-Current Groyg]
Currents Where isolation of objectionable dc ground g
rents from cathodic protection systems is required, a liyeg

Article 250 — Grounding and Bonding

250.20 .

e D

%prohibits the use of sheet metal screws as a
directly qttaching equipmem grounding conduc-
snt or as a means for attaching connection
quipment grounding conductors to equipment,
%ans that are listed, that are part of listed
hat are exothermically welded are required 10
0 hen(‘ahd low-resistance connection. Exhibit
i [ gi_t 250.3 illustrate two methods of attaching
Abonding jumper to a grounded metal box.

o & maedal booc

Gk g8 of & grounicieg soense W Blach Sl ipme

grounding and bonding conductors and allows the &

fault rewm path to function properly. To be lisied foflUg

function, these devices are evaluated by the product
organizations for proper performance under grouncy
conditions. F

[

250.8 Connection of Grounding [
and Bonding Equipment {

Grounding conductors and bonding jumpers shall be €3 d

nected by exothermic welding, listed pressurc connecifg
listed clamps, or other listed means. Connection devid!
fittings that depend solely on solder shall not be used.
metal screws shall not be used to connect grounding cORS
tors or connection devices to enclosures.

2005 National Electrical Coxle H]
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250.10 Protection of Ground Clamps

and Fittings

Ground clamps or other fittings shall be approved for general
use without protection or shall be protected from physical
damage as indicated in (1) or (2) as follows:

(1) In installations where they are not likely to be damaged
(2) Where enclosed in metal, wood, or equivalent protective
covering

250.12 Clean Surfaces

Nonconductive coatings (such as paint, lacquer, and enamel)
on equipment to be grounded shall be removed from threads
and other contact surfaces to ensure good electrical continu-
ity or be connected by means of fittings designed so as to
make such removal unnecessary.

II. System Grounding

250.20 Alternating-Current Systems .
to Be Grounded

Alternating-current systems shall be grounded as provided

for in 250.20(A). (B), (C), or (D). Other systems shall be

permitted to be grounded. If such systems are grounded,

they shall comply with the applicable provisions of this

article.

FPN: An ple of a system p d to be g ded
is a comer-g ded deha i ion. See
250.26(4) for conductor to be grouaded.

(A) Alternating-Current Systems of Less Than 50 Volts
Alternating-current systems of less than 50 volts shall be
grounded under any of the following conditions:

(1) Where supplied by transformers, if the transformer sup-

ply system exceeds 150 volts to ground

Where supplied by transformers, if the transformer sup-

ply system is ungrounded

(3) Where installed as overhead conductors outside of
buildings

2

-~

(B) Alternating-Current Systemsof 50 Volts to 1000 Volts
Alternating-current systems of 50 volts to 1000 volts that
supply premises wiring and premises wiring systems shall
be grounded under any of the following conditions:

(1) Where the system can be grounded so that the maximum iy
voltage to ground on the ungrounded conductors does
not cxceed 150 volts

Exhibit 250.4 illustrates the grounding requirements of S
250.20(B)(1) as applied to a 120-voli, single-phase. 2-wirc
system and to a 120/240-volt. single-phase. 3-wire system.
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Ground here 120V
or here

M—

120-V, single-phase, 2-wire system

120V 240V

- 120V

120/240-V, single-phase, 3-wire system

Exhibit 250.4 Typical systems required to be grounded in accor-
dance with 250.20(B}(1). The conductor to be grounded is in
accordance with 250.26.

The selection of which conductor is to be grounded is cov-
ered by 250.26.

(2) Where the system is 3-phase, 4-wire, wye connected in
which the neutral is used as a circuit conductor

(3) Where the system is 3-phase, 4-wirc, delta connected
in which the midpoint of one phase winding is used as
a circuit conductor

Exhibit 250.3 iltustrates which conductor is reguired to be
grounded for all wye systems if the nevtral is used as a
circuit conductor. Where the midpoint of one phase of a 3-
phase. 4-wire delta system is used as a circuit conductor.
it must be grounded and the high-leg conductor must be
identified. See 250.20(B)2) and 250.20(B)3). as welt as
250.26.

(C) Alternating-Current Systems of 1 KV and Over Al-
ternating-current systems supplying mobile or portable
equipment shall be grounded as specified in 250.188. Where
supplying other than mobile or portable equipment. such
systems shall be permitted to be grounded.

(D) Separately Derived Systems Separately derived sys-
tems. as covered in 250.20(A) or (B), shall be grounded as
specified in 250.30.
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=

Lty 2y

240V 240V

120/240-V. 3-phase, 4-wire delta system

Exhibit 250.5 Typical systems required to be grounded by 1
250,20(B){2) and 250.20(B)(3). The conductor to be groundedt
is in accordance wilh 250.26.

systems in premises wiring are transformers and generators,
An autotransformer or step-down transformer that is part of
electrical equipment and that does not supply premises wigf

ing is not the source of a separalely derived system. See lhg‘ -

delinition of premises wiring in Anicle 100, H

FPN No. [: An altemate ac power source such as an on-
site generator is not a separately derived system if the
neutral is solidly interconnected to a service-supplied
system neutral. L

Exhibit 250.6 and Exhibit 250.7 depict a 208Y/120-volt. 334
phase. 4-wire elecirical service supplying a service disco
necting means to a building. The system is fed through
transfer switch connected to a generator intended to provide
power for an emcrgency or standby system.

In Exhibit 250.6. the neutral conductor from the gener?;
tor to the load is not disconnected by the wransfer switch
There is a direct elecirical curinecliun between the nonﬂéli
erounded sysiem conducior (neutral) and the generator nﬂ{-‘i“
tral through the neutral bus i the wransfer switch. lhercb_f.
arounding the generaior neutral. Because the generator [_5'

Article 250 — Grounding and Bonding

250.21

" 208Y/120-V, 3-phase. 4-wire system
t. Not a separately

.. Service equipmant derived system
i -
I o "

¥

N. ¢ Equipment grounding
. / conductor \
g i \ <
. N |\
b LE 3-pole transter
5 B = I switch
e grounding
I canductor -
& mn Load

| E12$v 120V J- N

Exhlbit 250.6 A 208Y/120-volt, 3-phase, 4-wire system that has
a direct electrical connection of the grounded circuit conductor
{neutral) to the and is therefore not cor d a sepa-
rately derived system.

[

it

grounded by connection to theinormal system around. it B}
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" 208Y/120-V, 3-phase, 4-wire system

Separalely derived system

Equipment grounding

/ conductor oond. oo
"

3 T S Lirnyreing
RS S 4-pole transter  electrode
Iy £ switch nearby
‘;‘ ! grounding ———»

- conductor
it mN Load
L

Exhibit 2507 A 208Y/120-volt, 3-phase, 4-wire system that
dpes not have a direct electrical connection of the grounded
qrcuit conductor (neutral) to the generator and is therefore con-
sldert?d a separately derived system.

D0t a separately derived system. and there are no require-
meats for grounding the neutral at the generator. Under these
conditions, i is necessary o run an eguipment grounding
:v'i'i‘;lc}or from the service equipment to the 3-pole trunsfer
Th and from the 3-pole transfer switch (o the generator.

1S can be in the form of any of the items listed in 250.118.

J Exhibit 250.7. the grounded conductor (neutral) is

Naii
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connected to the switching contacts of a d-pole transter
switch, Therefore, the generator system does not bave a
direct electrical connection 1o the other supply sysiem
grounded conductor (neutral), and the system supplied by the
generator is considered separately derived. This separately
derived system (3-phase, 4-wire, wye-connecied system that
supplies line-to-neutral loads) is required 1o be grounded in
accordance with 250.200B) and 250.20(1). The methods for
grounding the system are specified in 250.3(0(A).

Section 250.30(A)(1) requires separately derived sys-
tems to have a system bonding jumper connecled between
the generator frame and the grounded cireuit conductor (neu-
tral}. The grounding electrode conductor from the generator
is required o be connected 1o a grounding electrode. This
conductor should be located as close to the gencrator as
practicable, according to 250.30(A)4). Il the generator is
in a building, the preferred grounding clectrode is required
to be one of the following, depending on which grounding
electrode is closest 1o the generator lacation: (1) effectively
grounded structural metal member or (2) the first 5 1t of
waler pipe into a building where the piping is effectively
grounded. (The exception to 250.52(A)(1) permils the
grounding connection to the water piping heyond the first
5 ft.) For buildings or structures in which the preferred
electrodes are not available, the choice can be made from
any of the grounding electrodes specified in 250.52(A)3)
through 250.52(A)7).

FPN No. 2: For sy that are not sep: ly derived
and are not required to be grounded as specified in 250.30,
see 445.13 for minimum size of conductors that must
carry fault current.

(E) Impedance Grounded Neutral Systems Impedance
grounded neutral systems shall be grounded in accordance
with 250.36 or 250.186.

250.21 Alternating-Current Systems of 50 Volits
to 1000 Volts Not Required to Be Grounded

The fotlowing ac systems of 50 volts to 1000 volts shall be
permitted 1o be grounded but shall not be required to be
grounded:

(1) Electric systems used exclusively to supply industrial
electric furnaces for melting, refining, tempering, and
the like

Separately derived systems used exclusively for rectifi-
ers that supply only adjustable-speed industrial drives
Separately derived systems supplied by transformers
that have a primary voltage rating less than 1000 volts,
provided that all the following conditions are met:

[}

-~

€}

-~

a. The system is used exclusively for control circuits.
b. The conditions of maintenance and supervision ensure
that oaly qualified persons service the installation.
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¢. Continuity of control power is required.

d. Ground detectors are installed on the control system.
(4) Other systems that are not required to be grounded in

accordance with the requirements of 250.20(B).

Where an alternating-current system is not grounded as per-
mitted in 250.21(1) through (4), ground detectors shall be
installed on the system.

Exception: Systems of less than 120 volts 10 ground as per-
mitted by this Code shall not be required 10 have ground
deiectors.

New for the 2005 Code, ungrounded electrical systems as
permitted in 250.21 are required to be provided with ground
detectors. In the 2002 and previous editions. the instalation
of ground detectors was required only for some very specific
applications of ungrounded systems (and in impedance
grounded neutral systems). but there was only a recommen-
dation that they be installed on all ungrounded electrical
systems, The exception to this requirement permits the oper-
ation of specific-purpose ungrounded systems without
ground detectors where the voltage to ground is less than
120 volts. For further information on what is considered 1o
be the voltage to ground in an ungrounded system, see the
definition of voltage to ground in Article 100.

Ungrounded electrical systems are permitted by the
NEC for the specific funciions described in 250.21(1). (2).
and (3) and for general power distribution systems in accor-
dance with 250.21(4). Dela-connected, 3-phase. 3-wire,
240-volt and 480-voli systems are examples of common
electrical distribution systems that are permitted but are not
required to have a circuit conductor that is intentionally
grounded. The operational advantage in using an ungrounded
clectrical system is continuity of operation, which in some
processes might create a safer condition than would be
achieved by the automatic and unplanned opening of the
supply circuit.

Unlike solidly grounded systems. in which the first line-
to-ground fault causes the overcurrent protective device to
automatically open the circuit. the same line-to-ground fanlt
in an ungrounded system does not result in the operation of
the overcurrent device — it simply resuits in the faulted
circuit conductor becoming a grounded conductor until a
repair of the damaged conductor insulation can be per-
formed. However., this latent ground-fault condition will
remain undetected unless ground detectors are installed in
the ungrounded system or until another insulation failure on
a ditferent ungrounded conductor results in a line-to-line-
to-ground fault. with the potential for more extensive damage
to electrical equipment.

Ground detectors are used to provide a visual indication.
an audible signal. or both. to alert system operators and
maintainers of a ground-fault condition in the electrical sys-

* quiring this connection is to stabilize the vollage to grotfy

Article 250 — Grounding and Bonding

250.24

tem. With notification of the ground-fault condition, raghy
than automatic interruption of the circuit, the operatorsig
the process supplied by the ungrounded system can then
the necessary steps 1o effect an orderly shutdown. detesm; i
where the ground fauli is located in the system, and safghy
perform the necessary repair. :

It should be noted that ungrounded systems are simy H
systems without an intentionally grounded circuit conduci™
that is pant of normal circuit operation, as is the case in |
240-volt. single-phase. 3-wire: 208Y/120-volt. 3-phase M

foube; gmundcd electrode conductor is permitied to be made
Sous locations. according 1o 250.24(A)(1). Alowing
ocations {or the connection to be made continues
.the overalt objectives for grounding while allowing
aller a variety of practical soluiions. Exhibit 250.8
es three possible connection point solutions to where
nded conductor of the service could be connected
unding electrode conductor.

wire: and 480Y/277-volt. 3-phase. 4-wire systems in whig
there is a grounded conductor that is used as a circuit condy}
tor. The fact that a system operales without a groundd
conductor does not exempt that system from complyin
with all of the applicable requirements in Article 250 £3]
establishing a grounding electrode system and for equipmegs
grounding. These protective features are required £33
grounded and ungrounded electrical distribution system

250.22 Circuits Not to Be Grounded

The following circuits shall not be grounded: In accassible - N X
o i i . ater enclosure 2z :;;:;’f“’;c;;r
(1) Cnrcun's for electric crafles opemun; ove:: combusu. - o {
fibers in Class 111 locations, as provided in 503.155 -

(2) Circuits in health care facilities as provided in 517.6
and 517.160
(3) Circuits for equipment within electrolytic cell worki
zone as provided in Article 668 i

)

One ion to a
where transformer is located outside the bullding

(4) Sccondary circuits of lighting systems as provided
411.5(A)

ystem illustrating three accessible connection points where
grounded service conductor is connected to the grounding
e conductor according to 250.24(A)(1).

250.24 Grounding Service-Supplied
Alternating-Current Systems

(A} System Grounding C ions A premi win'xi)
system supplied by a grounded ac service shall have 3
grounding electrode conductor connected to the grounded
service conductor, at each service, in accordance wil
250.24(A)(1) through (A)(5). i

(1) General The connection shall be made at any accessib)
point from the load end of the service drop or service latera
to and including the terminal or bus to which the grounde@i
service conductor is connected at the service disconnec! ' A

means.

FPN: See definitions of Service Drop and Service Lat-
eral in Acticle 100.

(2). Ontdoor Transformer Where the transformer supply-
: g.the service is located outside the building, at least one
additional grounding connection shall be made from the
grounded service conductor to a grounding electrode, either
& the transformer or elsewhere outside the building.

'}

E:xhibit 250.9 for an illustration of an outdoor distribu-
f'S‘Cm. transformer connected to an additional ground-
fctrode,

The grounded conductor of an ac service is connected to
grounding electrode system to limit the voltage to grouy
imposed on the system by lightning. line surges. and (unig
tentional) high-voltage crossovers. Another reason for -

bEl‘.C‘-’Pfion: The additional grounding connection shall not
R0¢-made on high-impedance grounded neutral systems. The
Stem shall meet the requirements of 250.36.

(3). Dug|
ble_endeg

during normal operation. including short circaits. These peg
formance requirements are stated in 250.4(A) and 250.4
The actual connection of the grounded service conducl

Fed Services For services that are dual fed (dou-
& ) in a common enclosure or grouped together in
= Parale enclosures and employing a secandary tie, a single
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Exhibit 250.9 A 3-wire, 120/240-volt ac, single-phase, second-
ary distribution system in which grounding connections are re-
quired on the secondary side of the transformer according to
250.24(A)(2) and the supply side of the service disconnecting
means according to 250.24(A)(1}.

grounding clectrode connection to the tie point of the
grounded conductor(s) from each power source shall be
permitted.

(4) Main Bonding Jumper as Wire or Busbar Where the
main bonding jumper specified in 250.28 is a wire or busbar
and is installed from the grounded conductor terminal bar
or bus to the equipment grounding terminal bar or bus in
the service equipment, the grounding electrode conductor
shall be permitted to be connected to the equipment ground-
ing terminal, bar, or bus to which the main bonding jumper
is connected.

(5) Load-Side Grounding Connections A grounding con-
nection shall not be made to any grounded conductor on
the load side of the service disconnecting means except as
otherwise permitted in this article. ’

FPN: See 250.30(A) for separately derived systems,
250.32 for ions atsep buildings or structures,
and 250.142 for use of the grounded circuit conductor
for grounding equipment.

The power for ac premises wiring systems is cither separately
derived, in accordance with 250.20(D), or supplied by the
service, See the definition of service in Article 100. Section
250.30 covers grounding requirements for separately derived
ac systems. Section 250.24(A) covers system grounding re-
quirements for service-supplied ac systems.

According to 250.24. a premises wiring system supplied
by an ac service that is required to be grounded must have
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250.28

a grounding electrode conductor at each service connected

to the grounding electrodes that meeis the requirements in

Part 111 of Arnicle 250. Note that the grounding electrode

requirements for a separately derived system are specified
' in 250.30(A)3) and 250.30(A)4).

The grounding electrode conductor connection to the
grounded conducior is specific, The Code requires that the
connection be made 1o the grounded service conductor and
describes where this connection is permitted. Where the
transformer supplying a service is located outside of a build-
ing or structure, a grounding connection must be made at
the transformer secondary or at another outdoor location

. under the conditions specified in 250.24(A)(2). In addition,
the conductor that is grounded at the transformer is required
to be grounded again at the building or structure, according
to 250.24(A)(1).

Section 250.24(A)S) prohibits regrounding of the
grounded conductor on the load side of the Service discon-
necting means. This requirement is also in concert with

250.142(B).

And

(B) Main Bonding Jumper For a gr system, an
unspliced main bonding jumper shall be used to connect the
equipment grounding conductor(s) and the service-
disconnect enclosure to the grounded conductor within the
enclosure for cach service disconnect in accordance with
250.28.

Where the service equipment of a grounded system consists
of multiple disconnecting means. a main bonding jumper
for each separate service disconnecting means is required
to connect the grounded service conductor, the equipment
grounding conductor. and the service equipment enclosure.
See Exhibit 250.10 and Exhibit 250.11. which accompany
the commentary following 250.24(C). Exception.

Exception No. I: Where more than one service discon-
necting means is located in an assembly listed for use as
service equipment, an unspliced main bonding jumper shall
bond the grounded conductor(s) to the bly enclosure.

Where multiple service disconnecting means are part of an
assembly listed as service equipment. all grounded service
conductors are required to be run to and bonded 1o the
assembly. However, only one section of the assembly is
required to have the main bonding jumper connection. See
Exhibit 250.12, which accompanies the commentary follow-
ing 250.28(D).

Exception No. 2: Impedance grounded neutral systems shall
be permitied to be connected as provided in 250.36 and
250.186.
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. utility source. The grounded service conductor’s other fung

(C) Grounded Conductor Brought to Service Equip
ment Where an ac system operating at less than 1000 volig
is grounded at any point, the grounded conductor(s) shal
be run to each service disconnecting means and shall b
bonded to cach disconnecting means enclosure. The]
grounded conductor(s) shall be installed in accordance wi;
250.24(C)(1) through (C)(3).

exception to 250.24(C) permits a single connection
unded service conductor to a histed service assem-
as, a switchboard) that comains more than one
fisconnecting means, as shown in Exhibit 250.11.

Exception: Where more than one service disconnectin
means are located in an assembly listed for use as servi
equipment, it shall be permitted 10 run the grounded condug
tor(s) to the assembly, and the conductor(s) shall be bondeg
to the assembly enclosure.

Main bonding
jumper

If the utility service" that supplies premises wiring [i 5
grounded. the grolinded conductor. whether or not it is usg " ) tenant
to supply a load, must be run 10 the service equipment, . e ’

bonded to the equipment, and be connected to a groundi
electrode system. Exhibit 250.10 shows an example of

main rule in 250.24(C), which requires the grounded servig]
conductor (o be brought in and bonded to each service dig]
connecting means enclosure. This requirement is based g3
the grounded conductor being used to complete the groung

fauht current path between the service equipment and 1

uu'e;d grounding electrode conductor specified in Table
230.66 but shall not be required to be larger than the largest

T - Grounded service conductor from
L 3-phase, 4-wire grounded system B k

i \ opper or 1750 kemil aluminum, the grounded conductor

= i — Shall, not be smaller than 12% percent of the area of the
I

i

ductor of a 3-phase, 3-wire delta service shall have an ampac-
fy not less than that of the ungrounded conductors.

Main bonding jumper
= Grounding electrode
conductor

vice conductor is brought into a 3-phase, 4-wire service equif
ment enclosure and to the 3-phase, 3-wire service equipmen!
enclosure, where it is bonded to each service disconnecting §
means.

WG. Although the cumulative size of the paraltel
conductors may be larger than is required by
)(1), the minimum 1/0 AWG per raceway or cable
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correlates with the requirements for pasallel conductors con-
tained in 310.4.

(3) High Impedance The grounded conductor on a high-
impedance grounded neutral system shall be grounded in
accordance with 250.36.

(D) Grounding Electrode Conductor A grounding elec-
trode conductor shall be used to connect the equipment
grounding conductors, the service-equipment enclosures,
and, where the system is grounded, the grounded scrvice
conductor to the grounding electrode(s) required by Part 1
of this article.

High-impedance grounded neutral system connections IRl
shall be made as covered in 250.36. i
FPN: See 250.24(A) for ac system grounding connec-

tions.

(E) Ungrounded Sy Grounding C: ti A
premises wiring system that is supplied by an ac service
that is ungrounded shall have, at each service, a grounding
clectrode conductor connected to the grounding electrode(s)
required by Part 111 of this article. The grounding electrode
conductor shall be connected to a metal enclosure of the
service cond at any accessible point from the load
end of the service drop or service lateral to the service
disconnecting means.

250.26 Conductor to Be Grounded —

Alternating-Current Systems

For ac premises wiring systems, the conductor to be

grounded shall be as specified in the following:

(1) Single-phase, 2-wire — one conductor

(2) Single-phase, 3-wire — the neutsal conductor

(3) Multiphase systems having onc wire common to all
phases —— the common conductor

(4) Multiphase systems wherc one phase is grounded —

one phase conductor

Multiphase systems in which one phase is used as in

(2) — the neutral conductor

&)

-~

Section 250.26 works in conjunction with 250.20(B). Once
the requirements of 250.20(B) establish that a system is
required to be grounded. the requirements of 250.26 identify
the conductor in the system that is required to be grounded.
In addition to covering sysiems where it is mandatory to
ground the system. this requirement also identifies which
conductor is to be grounded in systems that are permitted
to be grounded. such as a comer-grounded delta system.

250.28 Main Bonding Jumper and System
Bonding Jumper

For a grounded system, main bonding jumpers and system
bonding jumpers shall be installed as follows:
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250.28

Atticle 250 — Grounding and Bonding

The term system bonding jumper is new for the 2005 Code.
This new term distinguishes the system bonding jumper
instatled in the disconnecting means enclosure supplied from
a separately derived sysiem from the main bonding jumper
installed only in a service disconnecting means enclosure.
See the commentary following the Article 100 definition of
bonding jumper. sysiem.

(A) Material Main bonding jumpers and system bonding
jumpers shall be of copper or other corrosion-fesistant mate-
rial. A main bonding jumper and a system boading jumper
shall be a wire, bus, screw, or similar suitable conductor.

(B) Construction Where a main bonding jumper or a sys-
tem bonding jumper is a screw only. the screw shall be
identified with a green finish that shall be visible with the
screw installed.

The requirement in 250.28(B) spevifies that where & screw
is used for the main or system bonding jumper. the screw
must have a green color that is visible when it is installed,
This identification requirement makes it possible to readily
distinguish the bonding jumper screw from other screws
in the grounded conductor terminal bar. to ensure that the
required bonding connection has been made.

(C) Attachment Main bonding jumpers and system bond-
ing jumpers shall be attached in the manner specificd by the
applicable provisions of 250.8.

(D) Size Main bonding jumpers and system bonding jump-
ers shall not be smaller than the sizes shown in Table 250.66.
Where the supply conductors are larger than 1100 kemil
copper or 1750 kemil aluminum, the bonding jumper shall
have an area that is not less than 12%: percent of the area
of the largest phase conductor except that, where the phase
conductors and the bonding jumper are of different materials
(copper or aluminum). the minimum size of the bonding
jumper shall be based on the assumed use of phase conduc-
tors of the same material as the bonding jumper and with an
ampacity equivalent to that of the installed phase conductors.

The minimumy size for the main bonding jumper on the
supply side of a service and for the system bonding jumper on
the supply side of a separately derived system is determined
through the use of a table and a caleulation that establishes
a proportional relationship between the size uf the largest
ungrounded supply conductor and the minimum conductor
size teross-sectional area) necessary to create an effective
eround-fault current return path for short-time high-current
conditions.

In a grounded system. the primary function of the main
bonding jumper and of the system bonding jumpers is o
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create the link for ground-fault current between lhe'equip.
mem grounding conductors and the grounded conductor,
Table 250.66. Grounding Electrode Conductor for Alternag s
ing-Current Systems. has a number of funciions in Aricle]
250 in addition to its use for sizing the grounding electrode
conductor. 1L is used in several sections of Article 230 forf
ng various supply-side conductors of the grounding and$§
bonding system. Section 250.28(D) refers to Table 250.6638 3
for directly sizing main and system bonding jumpers where,
the ungrounded conductors do not exceed 1100-kemil copper,
or 1750-kemil aluminum, :
Unlike the function of the grounding electrode conduc-i
tor, which carries current to the ground or to the conducting
bady that serves as ground {via comnection o a grounding
electrode). the main and system bonding jumpers are placed§
directly in the supply side ground-fault current return path.
Therefore, where the largest ungrounded supply conductor§
exceeds the parameters of Table 250.66. it is necessary (off
maintain a proportional relationship between the ungrounded
conductor and the main or system bonding jumper. Ground 3
ing elecirode conductors are aot required 1o be larger thaig
3/ AWG copper or 250-kemil aluminum conductors, buf
to establish the minimum size for the main or system bonding
jumper for ungrounded conductors exceeding HO0-kemil
copper or 1750-kemil aluminum, its circular mil area cannof
be less than 12 percent of the circutar mil area of the
Targest ungrounded conductor (for conductors in parallel]
the total arca of the Jargest phase sev). It should be noted
that where 4 main or system bonding jumper is provided &
part of listed equipment, such as is the case with manyf
panelhoards and switchboards listed Tor use as service cquipy
ment. it is not necessary to replicate this bonding jumperl
with another one sized in accordance with 250.28(D1. '
To apply the bonding jumper requirements, each lineg
side service equipment enclosure is treated separately.
depicted in Exhibit 250.)2. The main bonding jumper in the|
left enclosure is a 4 AWG copper conductor. Based on the
30 AWG ungrounded service conductors supplying the 2004
ampere circuit breaker and Table 250.66, the minimum-siz
main bonding jumper for this service equipment enclosurg
is 4 AWG copper. Similarly, the 10 AWG main bonding
jumper for the enclosure on the right is derived from Tablg]
250.66 using the 500-kemil ungrounded service conducto
In addition to the main bonding jumpers for the twg
disconnecting means enclosures, other conductors showl
in Exhibit 250.12 are sized using Table 250.66. First, the
grounding electrode conductor at 200 AWG is futl-sized
based on Tuble 250.66 using the 750-kemil ungrnundﬁd
service conductor as the basis for selection. It should bg
noted that there are conditions where the grounding electrod
conductor is permitted to sized smatler than what is requirvd
in the lable: see 250.66.
Nexi. the grounded conductor run to each enclosure i
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250.30

Supply conductors
< 750 = | || 4 Minimum 210 awe
“lecmil 2/0 AWG supply-side equipment bonding jumper
i

S

. 0 AN
' praunding
ot —
500
eonekichin 5 — -
4§ AP | f 200-A 15 #
wapy-Sale J-l"" chmr ja.-o—"’ r[':'"
sppmierl y Erpnkist " 1 r":"“ i
sgnsieg ‘-H““*- HE
o ~I7 i ey A 11} L
EEERS 1] susmyv-ade 0| aws
Py 7 e 7= geourded
e grounded 4 AWG joaeed ubAWG  Conducr
=== conductor maimn bonding * makn ondang
jumper fompar

;-Exi.rlblt 250.12 An example of the bonding requirements tor
[ sarvice equipment.

gcédidance with 250.24(B) is sized using Table 250.66 as
the ‘minimum size permitied. For the grounded conductor,
the reference 10 Table 250.66 is found in 250.24(C)t ). For
éach enclosure. the minimum size grounded conductor is
established based on the largest uagrounded conductor serv-
ing that enclosure. The grounded conductor is also subjeet
to the requirements of 220.61 covering the conductor’s ca-
" pacity for unbalanced load. which could result in having w0
‘inérease the size to larger than what was determined from
Table 250.66.
< Finally. supply-side eguipment honding jumpers are
used for the three bonding metal conduits containing service
conductors and the mctal wireway focated above the two
service equipment enclosures. These bonding jumpers are
1also sized from Table 250.66 vin a reference from
+250.102(C). The bonding jumpers for the raceways are sized
P?M on the ungrounded conductors contained in cach metat
 service raceway.
. ==+ For the metal conduit entering the op of the wireway
and the wireway itself. the honding jumper is sized from
§ Table 250.66 based on the 750-kemil main service-entrance
Conductors and cannot be less than a 2/0 AWG copper con-
ductor. The service-entrance conductors to the enclosures

(30 AWG and S00-kemil copper. based on the loads

 Supplied from cuch enclosure. The bonding jumpers for the

short nipples are sized based on the size of the phase condue-

: ::’esmiupplying each disconnecting means. In this case, the

Al rceway nipples containing the 30 AWG and 500-

;kcmll tngrounded service conductars require minimum 4

! ‘.‘\WG and 1/) AWG copper supply-side equipment bonding
.ﬂff‘_‘Pers. respectively.
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There are instances. particularly with large capacity ser-
vices or sepurately derived systems. where the main or sys-
tem bonding jumper is required to he larger than the
grounding electrode conductor. Section 250.28(D) requires
that where the service-entrance conductors are larger than
HO0-kemil copper or 1750-kemil aluminum, the bonding
Jumper is to have a cross-sectional area of not less than 12
Yapercent of the cross-sectional area of the largest phase
conductor. For example. il a service is supplied by four 500
kemit conductors in parallel for each phase, the minimum
crass-sectional area of the bonding jumper is calculated as
follows: 4 > 500 kemil = 2000 kewil. Therefore. the main
or system bonding jumper cannot be less than 12% percent
of 2000 kemil. which results in a 250-kemil copper conduc-
tor. The copper grounding electrode conductor for this set
of conductors, based on Table 250.66. is nol required 1o be
larger than 3/0 AWG.

250.30 Grounding Separately Derived
Alternating-Current Systems

(A) Grounded Systems A scparately derived ac system
that is grounded shall comply with 250.30(A)(1) through
(A)(8). A grounding connection shall not be made to any
grounded circuit conductor on the load side of the point
of grounding of the separately derived system except as
otherwise permitted in this article.

FPN: See 250.32 for ions at sep building

or structures, and 250. 142 for use of the grounded circuit
conductor for grounding equipment.

Exception: Impedance grounded neutral system grounding
connections shall be made as specified in 250.36 or 250.186.

Section 250.30(A)Y provides the requirements {or bonding
and grounding the sepuarately derived systems deseribed in
250.20(D). A separately derived svstent is defined in Article
100 as a premises wiring system in which power is derived
from a battery. a sofar photovoltaic system, a generator. a
transformer. or converter windings. It has no direct electrical
connection, including a solidly connected grounded circuit
conductor, to supply conductors originating in another
System.

The requirements of 250.30 are communly applied to
480-volt transtormers tha transform a 480-volt supply 10 a
208Y/7120-volt system for lighting and appliance toads.
These requirements provide for a low-impedance path to
ground so that line-to-ground faults on circuits supplied by
the trunsformer resull in o sufficient amount of current 10
operate the overcurrent devices. These requirements also
apply o generators or systems that are derived from con-
verter windings. although these systems do not have the
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Article 250 — Grounding and Bonding

same wide usc s separately derived systems that are derived
ﬁ'ﬂl“ (I'(Insr()rll“.'r\'.

(1) System Bonding Jumper An unspliced system bond-
ing jumper in compliance with 250.28(A) through (D) that
is sized based on the derived phase conductors shall be
used to connect the equipment grounding conductors of the
separately derived system to the grounded conductor. This
connection shall be made at any sin gle pointon the separately
derived system from the source to the first system discon-
necting means or overcurrent device, or it shall be made
at the source of a sepanatcly derived system that has no
disconnecting means or overcurrent devices.

Where a sepurately derived system provides a grounded
conductor, a system bonding jumper must be instatled 1o
conneet the  equipment grounding  conductors o the
grounded conductor, Equipment grounding conductors are
conected o the grounding electrode system by the ground-
ing electrode conductor. The system bonding jumper is sized
according 10 250.28(1)) and may be Jocated at any point
between the source terminals (transformer. generator. cte, )
and the fiest disconnecting means or overcurrent device. See
the commentary foliowing 2 28(D) for further information
on sizing the system honding jumper.

Exception No. |: For separately derived systems that are
dual fed (double ended) in a common enclosure or grouped
together in separate enclosures and employing a secondary
tie, a single system bonding jumper connection 10 the tie
point of the grounded circuit conductors Jrom each power
source shall be permitted,

Exception No. 2: A system bonding jumper ar both 1he
source and the first disconnecting means shall be permisted
where doing so dves not establish a parallel path for the
grounded conductor. Where a grounded conductor is used
in this manner, it shall not be smaller than the size specified
Jor the system bonding jumper but shall not be required to
be larger than the ungrounded conductor(s). For the pur-
Pposes of this exception, connection through the earth shall
not be considered as providing a parallel path.

Exception No. 3: The size of the system bonding jumper for
a system that supplies a Class 1, Class 2, or Class 3 circuit,
and is derived from a transformer rated not more than 1000
volt-amperes, shall not be smaller than the derived phase
conductors and shall not be smaller than 14 AWG copper
or 12 AWG aluminum,

Section 250.30A)(1) requires the svstem bondi

Jumper
1o be not smatler than the sizes given in Table 23

.66. that
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is. not smaller than 8§ AWG vopper. Exceptin Mi, 4 )
250.30tAN) permits a system bonding jumper for a Clags
L. Class 2. or Class 3 cireuit 1o be not smadler than 14 AWG
copper or 12 AWG aluminum,

(2) Equipment Bonding Jumper Size Where a bonding ;
Jumper of the wire type is run with the derived phase conduc.

tors from the source of a separately derived system to the
first disconnecting means, it shall be sized in accordance
with 250.102(C), based on the size of the derived phase ]
conductors,

(3) Grounding Electrode Conductor, Single Separately
Derived System A grounding electrode conductor for 3
single separately derived system shall be sized in accordance
with 250.66 for the derived phase conductors and shall be
used to connect the grounded conductor of the derived sys-
iem to the grounding electrode as specified in 250.30(A)
(7). This connection shall be made at the same point on the
separately derived system where the system bonding jumper
is installed.

Exception No. 1: Where the system bonding jumper speci-
Sied in 250.30(A)(1) is a wire or busbar. it shall be permitted
fo connect the grounding electrode conductor 1o the equip-
ment grounding terminal, bar, or bus, provided the equip-
ment grounding terminal, bar, or bus is of sufficient size for
the separately derived system,.

Exception No. 2: Where a separately derived system origi-
nates in listed equipment suitable as service equipment, the
grounding electrode conductor from the service or feeder
equipment 1o the grounding electrode shall be permitted as
the grounding electrode conductor for the separately derived
system, provided the grounding electrode conductor is of
sufficient size for the separately derived system. Where the

Articte 250 — Grounding and Bonding

250.30

r.’scbnne,_-ling means or overcurrent device. ic. location of
the ,grounding elecirode conductor connection (o the

rounded conductor must be at the same point as where the
fonding jumper is connected l().lhc grmn'ld:'d conductor, B\;
‘ﬁhlishing a common point ol connection. normat neutra
arrent will be carried only on the system grounded conduc-
t%r ‘Metal raceways, piping systemis, and structural sieel

| fmust not provide a parallel circuit for neutrut current. Exhib-

its 250.13 und 250.14 Hustrate examples of grounding elec-
trode connections tor separately derived systems,

430 Equipment grounding
A* B] c'l == conductor

FAYIIZOV
N rrr. s
|

System bonding jumper

E . /‘ Isolated neutral terminal

" Nearest grounding electrode i

{;\ . $ g Grounding electrode conductor
2l

&

Equipment grounding
r

480V
al c[ |+ conducto

Drytypan

PYIAED V
Iriarzaicrensn TX 21 PR

Systam bonding jumper

i ode
Nearest grounding electr: Grounding el conductor

?Eil.\liiit 250.13 A grounding arrangement for a separately de-
é,'riveéi system in which the grounding electrade conductor connec-

equipment ground bus internal to the equipment is not
smaller than the required grounding electrode conductor
Jor the separately derived Ssysten, the grounding electrode
connection for the separately derived system shall be permir-
ted 1o be made to the bus.

Exception No. 3: A grounding electrode conductor shail not
be required for a sysiem that supplies a Class 1. Class 2,
or Class 3 circuir and is derived Sfrom a transformer rated
nos more than 1000 volt-amperes, provided the grounded
conductor is bonded to the transformer frame or enclosure
by a jumper sized in accordance with 250.30(A)(1). Excep-
tion No. 3. and the transformer frame or enclosure is
grounded by one of the means specified in 250.134.

I a separately derived system is reyuired {0 be groumded.
the conductor (o, be grounded is allowed 10 be connected t0
the grounding electrode system at any location between the *
source terminals (transformer. generator. eic.) and the first
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Llon'is made at the transformer,

(4) Grounding Electrode Conductor, Multiple Sepa-
rately Derived Systems Where more than one separately
derived system is installed. it shall be per ible to connect
a tap from each scparately derived system to a common
&rounding electrode conductor. Each tap conductor s.hall
connect the grounded conductor of the separately derived
System to the common grounding electrode conductor. T.he
grounding electrode conductors and taps shall comply with
250.30(A)4)(a) through (A)(4)(c).

Exception No. 1: Where the system bonding jumper speci-
fledin 250.30(A)(1) is @ wire or busbar, it shall be permitted
{0 connect the grounding electrode conductor to the equip-
. ™ent grounding terminal, bar, or bus, provided the equip-
"™ent grounding terminal, bar, or bus is of sufficient size for

. the separately derived system.
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ibi i ately de-
Exhibit 250.14 A grounding arrangement for a separ:
rived system in which the grounding etectrode conductor connec-
tion is made at the first disconnecting means.

Exception No. 2: A grounding electrode conductor shall not
be required for a system that supplies a Class 1, Class 2,
or Class 3 circuit and is derived from a transformer rated not
more than 1000 volt-amperes, provided the system gm;uuled
tor is bonded 10 the transformer frame or enclosure
;l\)r": ;zfmper sized in accordance with 250.30(A)(1), Exce[f—
tion No. 3 and the transformer frame or enclosure is
grounded by one of the means specified in 250.134.

(a) Common Grounding Electrode Conductor Size. The
common grounding electrode conductor sh.nll not be smaller
than 3/0 AWG copper or 250 kemil aluminum,.

(b} Tap Conductor Size. Each tap conducu?r shall be
sized in accordance with 250.66 based on the'denvcd phase
conductors of the separately derived system it serves.

Exception: Where a separately derived system originates i)n
listed equip itable as service equip the &

ing electrode conductor from the service or. -feeder equipment
to the grounding electrode shall be permitred as.the ground-
ing elecirode conductor for the separately dzfnvfd .\'_)'.\'l'zm,
provided the grounding electrode conductor is 0" - fficient
size for the separately derived system. Where 1 ~nt
ground bus internal 10 the equipment is not sn

required grounding electrode conductor fo

derived system, the grounding elecirode ¢ é\,
separately derived system shall be pernr

the bus.

.




250.30 Article 250 — Grounding and Bonding
(3) Connections. All tap connections to the common supplies an adjacent 150-ampere main circuit breaker pan.
grounding electrode conductor shall be made at an accessible etbourd using 10 AWG. Type THHN copper conductors,
location by one of the following methods: The transformers are strategically placed throughout thed |
building o facititate efficient distribution. Becavse the build-
(1) A listed connector. ing containg no effectively grounded structusal steel. cauch? -
(2) Listed connections to aluminum or copper busbars not transtormer sccondary must be grounded to the water service]
less than 6 mm X 50 mm (‘4 in. X 2 in.). Where electrode within the first 5 {U of entry into the building, A} 4

aluminum busbars are used, the installation shatl comply
with 250.64(A).
(3) By the exothermic welding process.

Tap conductors shall be connected to the common
grounding electrode conductor in such a manner that the
common grounding electrode coaductor remains without a
splice or joint.

A common grounding electrode conductor serving several
separately derived systems is permitted instead of installing
arate individual grounding electrode conductors from
cach separately derived system to the grounding electrode
system, A tapped grounding electrade conductor is installed
from the common grounding etectrode conductor to the point
of connection (o the individual separately derived svstem
grounded conductor. This tap is sized from Table 250.66
based on the size of the ungrounded conductors for that
individual separately derived system,

The sizing requirement for the common grounding elec-
trade conductor was revised for the 2005 Code, So that the
grounding electrode conductor always has sufficient
accommaodate the multiple se| cly derived sy
it serves, the minimum size for this conductor is now 3/0
AWG copper or 250-kemil aluminum. Note that this new
minimum size for the common grounding elecirode conduc-
tor correlates with the maximum size grounding electrode
conductor reguired by Table 250.06: therefure, the 30 AWG
copper or 250-kemil aluminam becomes the maximum size
required for the common grounding electrode conductor.
The sizing requirement for the common grounding electrode
conductor is specified in 250.30(A)N4)), and the si
requirement for the individual taps to the common grounding
electrode conductor is specified in 250.30(A¥-hib). The
rules covering the method of counection of the tap conductor
10 the common grounding electrade conductor are specified
in 250300A N4 ). The following example. together with
Exhibit 250.15. illustrates this new permitied insllation
method.

Sterms

Example
A large post-and-beam lofi-iype building is being renovated
for use office building. The building is being furnished
with four 45-kVA. 480 10 120/208-volt, 3-phase. d-wire.
wye-connected transformers. Each transformer secondary
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common grounding electrode conducior has been selected as '
the method to connect all the transformers to the grounding
clectiode system. .

What is the minimum-size common grounding electrode
conductor that must be tsed to connect the four transformers
to the grounding electrode system? What is the minimum-
size grounding electrode conductor o connect each of the |
four transformess 1o the common grounding electrode con-|
ductor? K

Sotution |

Step 1. Determine the minimum size for the conmmon
grounding  elecrode  conductor. In - accordance  with
250.300A)4a). the minimum size required is 3/0 copper
or 250-kemil aluminum, No caleutation is necessary, and{’
the common grounding electrode conductor does not have to
be sized farger than specified by this requirement. Additional
transtormers installed in the building can be connected 0
this common grounding electrode conductor. and no increase
in its size is required. !

Step 2. Determine the size of each individual grounding]
clectrode tap conductor tor each of the separately derivedy 3
systems. According to Table 250.66, a 1/0 AWG copper
derived phase conductor requires a conducior not smallery |
than 6 AWG copper for each transformer grounding clec-h
node tap conductor. This individual grounding clcc(mdti
conductor will be used as the permitted tap conductor and’
will run from the conductor to be graunded of each separately. ]
derived system 1o a connection point located on the cummonz ]
grounding electrade conductor, This conductor is laheledy
“Conductor B™ in Exhibit 250.15. ?

(5) Installation The installation of all grounding electrode
conductors shall comply with 250.64(A), (B), (C), and (E).

(6) Bonding Structural stecl and metal piping shall bej
bonded in accordance with 250.104(D).

et g,

(7) Grounding Electrode The grounding electrode shall
be as near as practicable to and preferably in the same¢
area as the grounding electrode conductor connection to the
system. The grounding electrode shall be the nearest one of |
the following:

(1) Metal water pipe grounding electrode as specified i
250.52(AX(1)

i1

iy

Article 250 — Grounding and Bonding

250.30

s
Exhibit 250.15 The ground-

ing arrangement for multiple

separately derived systems

usirig taps from a common ;
grounding elec(lrode conduc- .I,.D:f-. = =
1or, according o
250.30(A)(4)(2) and Inmakar _ I Fw .,::; i
250.30(A)(4)(b)- g W) ka4 -ﬂl:h
e . E._ 2 =]
! |- ! | f
I F —1 o
] e
; SANG comper vica) ) grownding
* i to the 4 bansformers m 1
: D AWG
Conductor B oo

Lo

Supplementary ground rod
electrode (10-ft ground rod)

{2) Structural metal grounding electrode as specified in
250.52(A)(2)

Exceprion No. 1: Any of the other electrodes identified in
250.52(A) shall be used where the electrodes specified by
250.30(A)(7) are nor available.

Exception No. 2 to (1) and (2): Where a separately derived
System originates in listed equipment suitable for use as
Service equipment, the grounding electrode used for the ser-
vice or feeder equipment shall be permitted as the grounding
electrode for the separately derived system.

I‘TN" See 250.104(D) for bonding requirements of inte-
Tor metal water piping in the area served by separately
derived systems.
Section 250.30(A )(7) requires that the grounding electrode
.3§'ncar as is practicable to the grounding conductor con-
fection 10 the system to minimize the impedance to ground.
lffin effectively grounded structural metal member of the
bf’llfﬁ.ng structure or an etfectively grounded metal water
PIpe'is available nearhy. 250.30(A)7) requires thal it be
Used as the grounding clectrode. For example. where a truns-
former js installed on the fifticth floor. the grounding elec-
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u"0‘_:PC.(!0nduc|0r is not required t0 be run 1o the service
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grounding electrode system. However, where an effectively
grounded mietal water pipe is used as an clectrode for a
separately derived system, 250.52(A) specifies that only the
first 5 1t of water piping entering the building can be used
as a grounding electrode, Therefore. the grounding electrode
conductor connection to the metal water piping must be
made at some point on this first 5 ft of piping,

Concern over the use of nonmetaltic piping Jid
is the basis for the “within 5 ft" requirement. Where the
piping system is located in an industrial or commercial build-
ing and is serviced only by qualified persons and the entire
length that will be used as an electrode is exposed. the
connection may be made at any point on the piping system.

The praclice of grounding the secondary of an isolating
ttansformer to a ground rod or running the grounding elec-
trode conductor back o the service ground (usually to reduce
electrical noise on data processing systems) is not permitted
where either of the electrodes covered in item (1) or item
2y 0f 250.30(AN7) is available. However, an isolation trans-
former that is pan of a listed power supply for a dats pro-
cessing room is not reguired (o be grounded in accordance
with 250.30(A 7). but it must be grounded in accordance
with the manufacturer’s instructions.

Exhibit 25013 and Exhibit 230.14 are typical wiring

2 or fittings
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diagrams for dry-type wransformers supplied from a 480-
volt, 3-phase feeder to derive a 208Y/120-volt or 480Y/277-
volt secondary. As indicated in 250.30(A)(1). the bonding
jumper connection is required to be sized according lo
250.28(D). In Exhibit 250.13. this connection is made at the
source of the separately derived system, in the transformer
enclosure, In Exhibit 250,14, the bonding jumper connection
is made at the first disconnecting means. With the grounding
electrode conductor. the bonding jumper. and the bonding
of the grounded circuit conductor (newtral) connected as
shown, line-to-ground fault currents are able to return to the
supply source through a short, low-impedance path. A path
of lower impedance is provided that facilitates the operation
of overcurrent devices, in accordance with 250.4(A)(5). The
grounding electrode conductor from the secondary grounded
circuit conductor is sized according to Table 250.66.

(8) Grounded Conductor Where a grounded conductor is
installed and the system bonding jumper is not located at
the source of the separately derived system, 250.30(A)(8)(a),
(A)(8)(b), and (A)8)(c) shall apply.

(a) Routing and Sizing. This conductor shall be routed
with the derived phase conductors and shall not be smaller
than the required gr g clectrode conductor specified
in Table 250.66 but shall not be required to be larger than
the largest ungrounded derived phase conductor. In addition,
for phase conductors larger than 1100 kemil copper or 1750
kemil aluminum, the grounded conductor shall not be smaller
than 12%percent of the area of the largest derived phase
conductor. The grounded conductor of a 3-phase, 3-wire
delta system shall have an ampacity not less than that of
the ungrounded conductors.

(b) Parallel Conductors. Where the derived phase con-
ductors are installed in parallel, the size of the grounded
conductor shall be based on the total circular mil area of
the parallel conductors, as indicated in this section. Where
installed in two or more raceways, the size of the grounded
conductor in cach raceway shall be based on the size of the
ungrounded conductors in the raceway but not smaller than
10 AWG.

FPN: See 3104 for g ded d d in
parallel.

-

(¢) Impedance Grounded System. The grounded con-
ductor of an impedance grounded neutral system shall be
installed in accordance with 250.36 or 250.186.

(B) Ungrounded Systems The equipment of an un-
grounded separately derived system shall be grounded as
specified in 250.30(B)(1) and (B}(2).

(1) Grounding Electrode Conductor A grounding elec-
trode conductor, sized in accordance with 250.66 for the

* metal shields of cables not intended to be used as a currentg
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derived phase conductors, shall be used to connect the metal]
enclosures of the derived system to the grounding electrode. semxmm
as specified in 250.30(B)(2). This connection shall be made’ Fesrddar Famie:
at any point on the scparately derived system from the source, 1 | |
to the first sysiem disconnecting means. ! i i = Remote bulding

] ]

L

For ungrounded separately derived systems, a grounding ]" .:"._ M % ' "; Connection 10
electrode conductor is required to be connected to the metal ||T| o —T[_ H aff i grounding efectrode )
enclosure of the system disconnecting means. The grounding | gf’;f:ghqzi';‘ii:” single I
electrode conductor is sized from Table 250.66 based on F 1 Buldng @ L Building 3 . disconnecting means
the largest ungrounded supply conductor. This connectio I- ¥ ]
establishes a reference to ground for all exposed non—cur- | No continuous metallic paths between bulldings
rent-carrying metal equipment supplied from the un- e
grounded system. The equipment grounding conductors o - o e
circuits supplied from the ungrounded system are connected hibit 250.16 Example of grounding electrode systems re- he A

to ground via this grounding electrode conductor connection, quired at féeder-supplied Building 2 and Building 3, in accordance
th 250.32(A).

; Exception: A grounding electrode skall not be required
wherezonly a single branch circuit supplies the building
" or stiucture and the branch circuit includes an equipment
grounding conductor for grounding the conductive
‘non—current-carrying parts of equipment. For the purpose
' of this section, a multiwire branch circuit shall be considered
as a single branch circuit.

electrode shall comply with 250.30(A)(7).

250.32 Buildings or Structures Supplied by
Feeder(s) or Branch Circuit(s) 13
(A} Grounding Electrode Building(s) or structure(s) sup{ J
plied by fecder{s) or branch circuit(s) shall have a grounding
electrode or grounding clectrode system installed in accor: 2,
dance with 250.50. The grounding electrode conductor(s) §

shall be connected in accordance with 250.32(B) or (C)
Where there is no existing grounding clectrode, the grou;
ing electrode(s) required in 250.50 shall be installed.

a-building is supplied by a single branch circuit (2-
r multiwire) and is installed in or has a wire-type
ent grounding conductor. as covered in 250.118. it
required to establish a grounding electrode system or

the:g;éhan a dwelling unit, the disconnecting means at the
: (J building is required to be suitable for service equip-
Where a building or structure is supplied by a feeder
250.32(A) requires that a grounding clectrode system b
established at each building or structure supplied. ualess on
already exists. The equipment grounding bus must be bonded
to the grounding electrode system. and the disconnecting
means enclosure. building steel. and interior metal waief
piping are also required to be bonded to the grounding
electrode system. All exposed non-current-carrying metsl
parts of electrical equipment are required (o be grounded)
through equipment grounding conductor connections 1o th
equipment grounding bus at the building disconnecting
means. The connection of the grounded (neutral) conductol
to the grounding electrode system. as shown in Exhibi
250.16. is permitted only where it can be ensured that suct
a connection does not establish a paratlel circuit path fo
normal neutral cusrent on equipment grounding conducto

{B) Grounded Systems For a grounded system at the sepa-

fate building or structure, the connection to the grounding

4 clectrode and grounding or bonding of equipment, structures,

g5 O fIan}es required to be grounded or bonded shall comply
a,:}“&}.ﬂl either 250.32(B)(1) or (B)(2).

() Eq.llipmem Grounding Conductor An equipment
8tounding conductor as described in 250.118 shall be run
:’r“shm':le Sup;_)ly conductors and connected to the building
e cture dlSCOflneCﬁl‘lg means and to the grounding elec-
A c(s). The cquipment grounding conductor shall be used

* grounding or bonding of equipment, structures, or frames
*equired 1o be grounded or bonded, The equipment ground-
- Aﬁycfmductor shall be sized in accordance with 250.122.
rto‘the“f:q‘aml'led grounded Fonductor shall not be connected
el'ictrodc(simcm grounding conductor or to the grounding

carrying “conductor. metal piping systems, or other mel?g
structures that are continuous between buildings.
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One branch circuit with
equipment grounding conductor

PVC conduit

Exhibit 250.17 An installation where a connection from the sin-
gle branch-circuit disconnecting means enclosure to a grounding
electrode system is not required at the remote building because
an equipment grounding conductor is installed with the circuit
conductors.

Where a feeder supplies a building and an equipment ground-
ing conductor is run with or encloses the feeder, the grounded
conductor (neutral) is not permitied 1o be connected to the
equipment grounding conductor or to the grounding elec-
trode system. as illustrated in Exhibit 250.18.

(2) Grounded Conductor Where (1) an equipment
grounding conductor is not run with the supply to the build-
ing or structure, (2) there are no continuous metallic paths
bonded to the grounding system in each building or structure
involved, and (3) ground-fault protection of equipment has
not been installed on the supply side of the feeder(s), the
grounded conductor run with the supply to the building or
structure shall be connected to the building or structure
disconnecting means and to the grounding electrode(s) and
shall be used for grounding or bonding of equipment, struc-
tures, or frames required to be grounded or bonded. The
size of the grounded conductor shall not be smaller than the
larger of either of the following:

(1) That required by 220.61
(2) That required by 250.122

Similar to the provisions of 250.30(A)3). the requirement
in 250.32(B)2) eliminates the creation of paraltel paths
for normal neutral current on grounding conductors. metal
raceways. metal piping. and other metal structures. In the
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250.32 Article 250 — Grounding and Bonding
i Main buitding (C) Ungrounded Systems The grounding electi—odg()
service equipment shall be connected to the building or structure d:sconnccnng

Remote building

Feeder with equipment
grounding conductor (o
additional building

Grounding electrode required

Exhibit 250.18 An installation in which connection between the
grounded conductor (neutral) and equipment grounding terminal
bar is not allowed. A connection from the equipment grounding
terminal bus to the grounding electrode is required.

1999 and previous editions of the Code. the grounding elec-
trode conductor and equipment grounding conductors were
permitted to be connected to the grounded conductor at a
separate building or structure. This  multiple-location
grounding arrangement could provide paralle] paths for neu-
tral current along the electrical system and along other con-
tinuous metallic piping and mechanical systems as well,
Cannection of the grounded conductor to a grounding elec-
trode system at a separate building or structure is permitted
only if these parallel paths are not created and if there is no
common ground-fault protection of equipment provided at
the service where the feeder or branch circuit originates.

Where the grounded conductor is used as part of the
ground-fault current rewurn circuit. it is required 1o be sized
no less than that required by 250.122 for equipment ground-
ing conductors. but it also has to be sized to carry the
maximum unbalanced load, as specified in 220.61.

Like the grounded service conductor, a branch-circuit
or feeder grounded conductor used in the application permit-
ted by 250.32(B)(2) is a circuit conductor for normal neutral
current and is also the circuit conductor used to create an
effective ground-fault cusrent return path. Therefore. it is
necessary to size the grounded conductor in this application
based on which of those two functions requires the larger
conductor. Of course there is na prohibition on installing a
full-size grounded (neutral} conductor. thus ensuring compli-
ance with both 250.122 and 220.61.

means.

(D) Disconnecting Means Located in Separate Building
or Structure on the Same Premises Where one or mor)
disconnecting means supply one or more additional builg}
ings or structures under single management, and where thege)
disconnecting means are Jocated remote from those buildings)
or structures in accordance with the provisions of 225321
Exception Nos. 1 and 2, all of the following conditions shal]
be met: 3

(1) The connection of the grounded conductor to th
grounding clectrode at a separate building or struct
shall not be made.

(2) An equipment grounding conductor for grounding an
non-current-carrying equipment, interior metal piping
systems, and building or structural metal frames is ryg Hare
with the circuit conductors to a separate building of £OmY
structure and bonded to existing grounding electrode(s L
required in Part III of this article, or, where there arg
no existing electrodes, the grounding electrode(s)
quired in Part II[ of this article shall be installed wherg
a separate building or structure is supplied by more thag}
one branch circuit.

(3) Bonding the equipment grounding conductor to thel
grounding electrode at a separate building or structusg]
shall be made in a junction box, panclboard, or similg
enclosure located immediately inside or outside the sepd
arate building or structure.

@ﬂﬁﬂ? 50.19 Grounding and bonding requirements for a
building under single management with the disconnect
pcated from the building.

st ungrounded supply conductor. The installation shall
 with Part 11l of this article.

ng electrode system is connected to the grounded
Ot and/or the equipment enclosures by the grounding
- conductor (see definition in Article 100) according
4 for services, 10 250.30 for separmely derived sys-
0 250.32 for two or more buildings supplied from
service. Each of these sections directs the user
[@@}Bl e general requirements: that is. the grounding
Ay COnduuor must comply with Part lll of Article
kevision to the 2002 Code clarified that where a
branch circuit supplies 2 building or structure, the
used to connect the equipment grounding conduc-
s permitted by 250.32(B)(2). the grounded conductor
ounding electrode system is a grounding electrode
and must be sized in accordance with 250.66.

Exhibit 250.19 illustrates an instalfation in which the discq
nect for Building 2 is located in Building |. Secty
250.32(D) applies (o separate buildings ot structures that g3
not have a disconnect. as permitied by Exception No. i
Exception No. 2 to 225.32. The feeder conductors mug
terminate in a panelboard. junction box. or similar enclosul
that is located immediate to the point the supply conductd
enter the building or structure inside or outside the building

An equipment grounding conductor must be run wigs
the feeder conductors. the grounded conductor must not' i
bonded to 1he enclosure or equipment grounding bus. alg
the equipment grounding bus must be connected to 2 og
or existing grounding electrode system at the second builgg
ing. All non—current-carrying metal parts of equipmeig
building steel. and interior metal piping systems must.i3
connected to the grounding electrode system. i

4 Portable and Vehicle-Mounted

rators
ANPortable Generators The frame of a portable genera-
hall not be required to be connected to a grounding
Gaiirode as defined in 250.52 for a system supplied by the
Rharator under the following conditions:

(UM generator supplies only equipment mounted on the
generator, cord-and-plug-connected equipment through
: °°Ptacles mounted on the generator, or both, and
ihe non—current-carrying metal parts of equipment and
e equipment grounding conductor tesminals of the
Ptacles are bonded to the generator frame.

(E) Grounding Electrode Conductor The size of i
grounding electrode conductor to the grounding electrode(sy
shall not be smaller than given in 250.66, based on Y

f describes equipment that is easily carried by per-
Lounctid om one location to another. Mobile describes equip-
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ment. such as vehicle-mounted generators, that is capable
of being moved on wheels or rollers.

The frame of a portable generator is not required to
be connected to earth (ground rod, water pipe, etc.) if the
generator has receptacles mounted on the generator panel
and the recepiacles have equipment grounding terminals
bonded to the generator frame.

(B) Vehicle-Mounted Generators The frame of a vehicle
shall not be required to be connected to a grounding electrode
as defined in 250.52 for a system supplied by a generator
located on this vehicle under the following conditions:

(1) The frame of the generator is bonded to the vehicle

frame, and
(2) The generator supplies only cqunpmem located on the
vehicle or cord-and-plug-cc deq hrough

receptacles mounted on the vehicle, or bolh cqmpmcm
located on the vehicle and cord-and-plug-connected
equipment through receptacles mounted on the vehicle
or on the generator, and

(3) The non—current-carrying metal parts of equipment and
the equipment grounding conductor terminals of the
receptacles are bonded to the generator frame.

Vehicle-mounted generators that provide a neutral conductor
and are installed as separately derived systems supplying
equipment and receptacles on the vehicle are required to
have the neutral conductor bonded to the generator frame
and 10 the vehicle frame. The non-current-carrying parts of
the equipment must be bonded to the generator frame.

(C) Grounded Conductor Bonding A system conductor
that is required to be grounded by 250.26 shall be bonded
to the generator frame where the generator is a component
of a separately derived system.

FPN: For grounding poriable generators supplying fixed
wiring systems, see 250.20(D).

Portable and vehicle-mounted generators that are installed
as separately derived systems and that provide a neutral
conductor (such as 3-phase. 4-wire wye connected: single-
phase 240/120 volt: or 3-phase, 4-wire delta connected) are
required to have the neutral conductor bonded to the genera-
tor frame.

250.36 High-Impedance Grounded

Neutral Systems

High-impedance grounded neutral systems in which a
grounding impedance, usually a resistor, limits the ground-
fault current to a low value shall be permitted for 3-phase
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ac systems of 480 volts to 1000 volts where all the following
conditions are met:

(1) The conditions of maintenance and supervision ensure
that only qualified persons service the installation.

(2) Continuity of power is required.

(3) Ground detectors are installed on the system,

(4) Line-to-neutral loads are not served.

Section 250.36 covers high-impedance grounded neutral sys-
tems of 480 to 1000 volts. Systems rated over 1000 volis
are covered in 250.186. For information on the differences
between solidly grounded systems and high-impedance
grounded neutral systems. see “Grounding for Emergency
and Standby Power Systems.” by Robert B. West, JEEE
Transuctions on Industry Applications. Vol. 1A-15. No. 2,
March/Aprit 1979.

As the schematic diagram in Exhibit 250.20 shows.
a high-impedance grounded neutral system is designed to
minimize the amount of fault current during a ground fauh.
The grounding impedance is usually selected to [imit fault
current to a value that is slightly greater than or equal to
the capacitive charging current. This system is used where
continuity of power is required. Therefore, a ground favlt
results in an alarm condition rather than in the tripping of
a circuit breaker. which allows a safe and orderly shutdown
of a process in which a non-orderly shutdown can introduce
additional or increased hazards.

480V io,
1000 V

~ Insulated neutral conductor
- Grounding impedance

No line-
b to-neutral
T Unspliced equipment bonding jumper loads

Exhibit 250.20 Schematic diagram of a high-impedance
grounded neutrat system.

High-impedance grounded neutral systems shall comply
with the provisions of 250.36(A) through (G).
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250.52

(F). Grounding Electrode Conductor Location The
grounding electrode conductor shall be attached at any point
tom the grounded side of the grounding impedance to the
gquipment grounding connection at the service equipment
or first system disconnecting means.

(A) Grounding Impedance Location The grounding im.
pedance shall be installed between the grounding electrode
conductor and the system neutral. Where a neutral is not
available, the grounding impedance shall be installed be-
tween the grounding electrode conductor and the neutral |
derived from a grounding transformer.

(B) Neutral Conductor The neutral conductor from the
neutral point of the transformer or generator to its connection
point to the grounding impedance shall be fuily insulated. |

The neutral conductor shall have an ampacity of not}
less than the maximum current rating of the grounding ir-
pedance. In no case shall the neutral conductor be smaller}
than 8 AWG copper or 6 AWG aluminum or copper-clad
aluminum. . /

G)-. Equipment Bonding Jumper Size The equipment
b%nding jumper shall be sized in accordance with (1) or (2)

(.) Where the grounding electrode conductor connection is
‘ made at the grounding impedance, the equipment bond-
[ ing jumper shall be sized in accordance with 250.66,
* ‘based on the size of the service entrance conductors for
F.a scrvice or the derived phase conductors for a separately
erived system.

12). Where the grounding electrode conductor is connected
at the first system disconnecting means or overcurrent
B device, the equipment bonding jumper shall be sized
" the same as the neutral conductor in 250.36(B).

The current through the neutral conductor is limited by the
grounding impedance. Therefore. the neutral conductor i
not required 1o be sized to carry high-fault current. The]
neutral conducior cannot be smaller than 8 AWG copper oy
6 AWG aluminum.

(C) System Neutral Connection The system ncutral con-
ductor shall not be connected to ground except through the
grounding impedance.

FPN: The imped: is normally d to limit the
ground-fault current to a value slightly greater than or
equal to the capacitive charging current of the system.
This value of impedance will also limit transient overvol-
tages 1o safe values, For guidance, refer to criteria for
limiting transient overvoliages in ANSI/IEEE 142-1991,
Recommended Practice for Grounding of Industrial and
Commercial Power Systems.

¥ Grounding Electrode Conductor

0.50 Grounding Electrode System

Jall: grounding electrodes as described in 250.52(A)(1)
fhepugh (A)(6) that are present at each building or structure
jerved shall be bonded together to form the grounding elec-
system. Where none of these grounding electrodes

Additional information can be found in “Charging Curregy
Data for Guesswork-Free Design of High-Resistancs
Grounded Systems.™ by D. S. Baker, IEEE Transactions ¢g
Industrv Applications. Vol. IA-15, No. 2, Marcl/April 1978
and “*High-Resistance Grounding.” by Baldwin Bridger.
IEEE Transactions on Industry Applications. Vol. 1A-18
No. 1, January/February 1983. p

ges the formation of a system of electrodes “that
t at each building or structure served.” There is
that building a system of electrodes adds a level
R Bbility and helps ensuse system performance over a

nt gasiod.of time.

the inglusion of a concrete-encased electrode. de-
250.52(A)3). in the grounding clectrode system
gs or structures having a concrete footing or foun-
not less than 20 ft of surface area in direct contact
. This requirement applies to all buildings and
with a foundation and/or footing having 20 ft or
in. or greater electricaily conductive reinforcing

(D) Neutral Conductor Routing The conductor connex
ing the neutral point of the transformer or gencrator to
grounding impedance shall be permitted to be installed in
aseparate raceway. [t shall not be required 1o run this conduc
tor with the phase conductors to the first system discon
necting means or overcurrent device.

(E) Equif Bonding Jumper The equipment bondil
jumper (the connection between the equipment ground
conductors and the grounding impedance) shall be an
spliced conductor run from the first system disconnecting
means or overcurrent device to the grounded side of

grounding impedance.

an exception does exempt existing buildings and
:'vhcrc access to the concrete-encased electrode
.
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conductor
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Exhibit 250.21 A grounding electrode systam that uses the
metal frame of a building, a ground ring, a concrete-encased
electrode, a metal underground water pipe, and a ground rod.

would involve some type of demolition or similar activity
that would disturb the existing construction. Because the
installation of the footings and foundation is one of the first
efements of a construction project and in most cases has
long been completed by the time the electric service is in-
stalled, this revised text necessitates an awareness and coor-
dinated effort on the part of designers and the construction
trades in making sure that the concrete-encased electrode is
incorporated into the grounding electrode system.

Exception: Concrete-encased electrodes of existing build-
ings or structures shall not be required 10 be part of the
grounding electrode system where the steel reinforcing bars
or rods are not accessible for use withous disturbing the
concrete. ’

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 ft)
or more (including any metal well casing effectively bonded
to the pipe) and electrically continuous (or made clectrically
continuous by bonding around insulating joints or insulating
pipe) to the points of connection of the grounding electrode
conductor and the bonding conductors. Interior metal water
piping located more than 1.52 m (5 ft) from the point of
entrance to the building shall not be used as a part of the
grounding electrode system or as a conductor to interconnect
electrodes that are part of the grounding electrode system.
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250.53

Exception: In industrial and commercial buildings or struc-
tures where conditions of maintenance and supervision en-
sure that only qualified persons service the installation,
‘interior metal water piping located more than 1.52 m (5 ft)
from the point of entrance to the building shall be permitted
as a part of the grounding electrode system or as a conductor
to interconnect electrodes that are part of the grounding
electrode system, provided that the entire length, other than
short sections passing perpendicular through walls, floors,
or ceilings, of the interior metal water pipe that is being
used for the conductor is exposed.

The effectiveness of underground water piping as a ground-
ng electrode for electrical systems has long been recognized.
but in the early years of the NEC concems over the effect
of electric current on metal water piping created some uncer-
tainty as to whether metal water piping systems should be
used as grounding electrodes. To address those concerns.
the clectrical industry and the waterworks industry formed
a committee 10 evaluate the use of metal underground water
piping systems as grounding electrodes. Based on its find-
ings, the committee issued an authoritative report on the
subject. The International Association of Electrical Inspec-
tors published the report. Interim Report of the American
Research Committee on Grounding, in January 1944 (re-
printed March 1949).

The National Institute of Standards and Technology

(NIST) has monitored the electrolysis of metal systems,”

because current at a grounding electrode on dc systems can
cause displacement of metal. The results of this monitoring
have shown that problems are minimai.

The last sentence of 250.52(A)( 1) prohibits the use of
that portion of the interior metal water piping system that
extends more than 5 ft beyond the point of entrance into
the building 10 interconnect grounding electrodes and the
grounding electrode conductor, because there are concerns
over the use of nonmetallic piping or fittings causing an
interruption in the interior electrical continuity of the metal
water piping. The exception to 250.52(A)(1), however. per-
mits this practice, provided there is qualified maintenance
and the entire length of the water piping used as an electrode
is exposed. This 5-ft limit also applies to the replacement
of nongrounding receptacles with grounding-type or branch-
circuit extensions in accordance with 250.130(C). See the
commentary following 250.130(C) and the illustration that
accompanies that cor y. Exhibit 250.49.

(2) Metal Frame of the Building or Structure The metal
frame of the building or structure, where any of the following
methods are used to make an earth connection:

(1) 3.0m (10 ft) or more of a single structural metal member
in direct contact with the earth or encased in concrete
that is in direct contact with the earth

208

* or plate type electrodes that comply with the requircmell

_ the following materials.

(2) The structural metal frame is bonded to one or more g
the grounding electrodes as defined in 250. 52(A)(1)
(A)(3), or (A)4)

(3) The structaral metal frame is bonded to one or more g
the grounding electrodes as defined in 250.52(A)(5) 2
(A)(6) that comply with 250.56, or

(4) Other approved means of establishing a connection {g]
earth.

2 E Grounding electrode |
WG or larger bare copper conductor
Ranductor or steel rei d
bar or rod not less than Verin,
eter at least 20 ft long

The 2005 NEC revision to 250.52(A)(2) provides four me=ni}
by which the metal frame of a building or structure cang
judged suitable for use as a grounding electrode. This réig
sion defines what is considered to be effectively groun

as applied to the metal frame of a building. The metal fra
of the building can be considered an electrode through 0
ft of direct contact with the earth or through connectidl
to one of the electrode types described in 250.52(A)(1s
250.52(A)3), or 250.52(A )(4) or through connection to 14

Exnibill250.22 A concrete-encased electrode.

b} Electrodes of rods of iron or steel shall be at least
(382 mm (% in.) in diameter. Stainless steel rods less than
li6Zam (% in.) in diameter, nonferrous rods, or their equiva-
iaikhall be listed and shall not be less than 13 mm (% in.)
fin A

® iate Electrodns Each plate electrode shall expose not
fEssithan 0.186 m? (2 ft) of surface to exterior soil. Elec-
of iron or stee) plates shall be at least 6.4 mm (¥ in.)
ik < kness Elcctrodes of nonferrous metal shall be at least

of 250.56. Jf building steel is grounded through a connec
to an underground metal water pipe. replacement of thil
water pipe with nonmetallic piping will result in the building
steel no fonger being “‘effectively grounded.” ¥

(3) Concrete-Encased Electrode An electrode encased by
at least 50 mm (2 in.) of concrete, located within and nea
the bottom of a concrete foundation or footing that is if
direct contact with the earth, consisting of at least 6.0 @
(20 ft) of one or more bare or zinc galvanized or othe
electrically conductive coated steel reinforcing bars or rodg
of not less than 13 mm (% in.) in diameter, or consisting g
at least 6.0 m (20 ft) of bare copper conductor not smallcd
than 4 AWG. Reinforcing bars shall be permitied to bg
bonded together by the usual steel tie wires or other effectivy
means.

F'! Other Local Metal Underground Systems or Struc-
Jires Other local metal underground systems or structures
b as piping systems, underground tanks, and underground

(@ lectrodes Not Permitted for Grounding The follow-
liog’ all not be used as grounding electrodes:

etal underground gas piping system

» cas S
Exhibit 250.22 shows an example of a concrete-cn liminum electrodes

electrode.
PN: See 250.104(B) for bonding requirements of gas

(4) Ground Ring A ground ring encircling the building oy
structure, in direct contact with the carth, consisting of &
least 6.0 m (20 ft) of bare copper conductor not smaller

2 AWG. H’N Sce 547.9 and 547.10 for special grounding and

ding requirements for agricultural buildings.

od, Pipe, and Plate Electrodes Where practicable,
ipe, and plate electrodes shall be embedded below
Pemanent moisture level. Rod, pipe, and plate electrodes
be free from nonconductive coatings such as paint or

(5) Rod and Pipe Electrodes Rod and pipe clectrodes sh23
not be less than 2.5 m (8 ft) in length and shall consist 0

(a) Ekctrodes of pipe or conduit shall not be smallg
than metric designator 21 (trade size %) and, where of ir0
or steel, shall have the outer surface galvanized or otherwi!
metal-coated for corrosion protection.

‘Electrode Spacing Where more than one of the elec-
°s-of the type specified in 250.52(A)(5) or (A)(6) are
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used, cach electrode of one gre g system (i

that used for air terminals) shall not be less than 1.83 m (6
ft) from any other electrode of another grounding system.
Two or more grounding electrodes that are effectively
bonded together shall be considered a single grounding elec-
trode system.

(C) Bonding Jumper The bonding jumper(s) used to con-
nect the grounding electrodes together to form the grounding
electrode system shall be installed in accordance with
250.64(A), (B), and (E), shall be sized in accordance with
250.66, and shall be connected in the manner specified in
250.70.

(D) Metal Underground Water Pipe Where used as a
grounding electrode, metal underground water pipe shall
meet the requirements of 250.53(D)(1) and (D)(2).

(1) Continuity Continuity of the grounding path or the
bonding connection to interior piping shall not rely on water
meters or filtering devices and similar equipment.

(2) Supplemental Electrode Required A metal under-
ground water pipe shall be supplemented by an additional
electrode of a type specified in 250.52(A )(2) through (A)(7).
Where the supplemental electrode is a rod, pipe, or plate
type, it shall comply with 250.56. The supplemental elec-
trode shall be permitted to be bonded to the grounding
electrode conductor, the grounded service-entrance conduc-
tor, the nonflexible grounded service raceway, or any
grounded service enclosure.

Exception: The I electrode shall be permitted
to be bonded to the mtenor metal water piping at any conve-
nient point as covered in 250.52(A)(1), Exception.

Section 250.53(D)(2) specitically requires that rod. pipe. or
plate electrodes used to supplement metal water piping be
installed in accordance with 250.56. This requirement clari-
fies that the supplemental electrode system must be installed
as if it were the sole grounding electrode for the system. If
25 ohms or less of earth resistance cannot be achieved with
one rod. pipe. or plate. another electrode (other than the
metal piping that is being supplemented) must be provided.
One of the permitted methods of bonding a supplemental
grounding electrode conductor 10 the primary electrode sys-
tem is to connect it to the service enclosure.

The requirement to supplement the metal water pipe is
based on the practice of using a plastic pipe for replacemem
when the original metal water pipe fails. This type of replace-
ment leaves the system without a grounding electrode unless
a supplemental electrode is provided.

(E) Supplemental Electrode Bonding Connection Size
Where the supplemental electrode is a rod, pipe, or plate
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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 6 AWG copper wire or 4
AWG aluminum wire.

Section 250.53(E) correlates  with  250.52(A)S5) or
250.52(A)6) and with 250.66(A). For example. if a metal
underground water pipe or the metal frame of the building
or structure is used as the grounding electrode or as part of
the grounding electrode system. Table 250.66 must be used
for sizing the grounding electrode conductor. The size of
the grounding electrode conductor or bonding jumper for
ground rod or pipe or for plate electrodes between the service
equipment and the electrodes is not required to be larger
than 6 AWG copper or 4 AWG aluminum.

(F) Ground Ring The ground ring shall be buried at a depth
below the earth’s surface of not less than 750 mm (30 in.).

(G) 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. 1t shall be driven to a depth of not less than
2.44 m (8 ft) except that, where rock bottom is encountercd,
the electrode shall be driven at an oblique angle not to
exceed 45 degrees from the vertical or, where rock bottom
is encountered at an angle up to 45 degrees, the electrode
shall be permitted 10 be buried in a trench 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
protected against physical damage as specified in 250.10.

All rod and pipe electrodes must have at least 8 f of fength
in contact with the soil. regardless of rock bottom. Where
rack bottom is encountered, the clectrodes must cither be
driven at not more than & 45-degree angle or buried in a
2%-ft-deep wrench. It should be noted that driving the rod
at an angle is permitted only if it is not possible to drive
the rod vertically 1o obtain at least 8 fi of earth contact.
Burying the ground rod is permitted only if it is not possible
to drive the rod vertically or at an angle:

Ground clamps used on buried electrodes must be listed
for direct earth burial. Ground clamps instalied aboveground
must be protected where subject to physical damage. Exhibit
250.23 iltustrates these requirements.

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

250.54 Supplementary Grounding Electrodes

Supplementary grounding electrodes shall be permitted to
be connected to the equipment grounding conductors speci-
fied in 250.118 and shall not be required to comply with
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250.64

¢ requirements of this section, they shall not be less than
k ltsrm (6 ft) apart.

<FPN; The paralleling efficiency of rods longerthan 2.5 m
§ fi) is improved by spacing greater than 1.8 m (6 ft).

== Grrounding electrode
= conductor

PY:upplemental rod. pipe. or plate electrode must be spaced
ft from any other rod, pipe. and plaie electrode,
SeelExhibit 250.24.
kThe resistance to ground of a driven grounding electrode
nlbe?measured by a ground tester used in the manner

C=vmps putabis
i direct boriad
o aRoFamic wokl

Exhibit 250.23 Installation requirements for rod and pipe elecs
trodes as specified by 250.53(G). N

X r F 1 o
{l‘ ] : Tl s )
the electrode bonding requirements of 250.50 or 250.53( :
or the resistance requirements of 250.56, but the carth shal X
not be used as an effective ground-fault current path‘ 2 :
specified in 250.4(A)(5) and 250.4(B)(4). i Fe ;
3 I

Grounding electrodes. such as ground rods. that are g
nected 10 equipment are not permitted 0 be used in liey
the equipment grounding conductor, but they may be usg

3-termina)
tester

4-terminal tester
(jumper instalted)

e L PR

+120 #1, for example

for supplementary protection at electrical equipment locZ
tions. For example. grounding electrodes may be used 13
lightning protection or to establish a reference to grouns 4
the area of elecirically operated equipment. Sectioly
250.4(A)5)and 250.4(B)(4) also specify that the earth notg
used as the sole equipment grounding conductor or effectiyg
(ground) fault current path. Supplementary grounding el
trodes are not required to be incorporated into the groundif
electrode system for the service or other source of elec
supply. -

250.24 'The 6-ft spacing between electrodes required
53(B) and 250.56.

i5ed o ground conductor enclosures and equipment in or
2 that building or structure. Where separate services, feed-
15, or branch circuits supply a building and are required to be
Lonnected to a grounding electrode(s), the same grounding
. . x Cirode(s) shall be used.

250.56 Resistance of Rod, Pipe, 3 “Two or more grounding electrodes that are effectively
and Plate Electrodes } : l-“d“i together shall be considered as a single grounding
A single electrode consisting of a rod, pipe, or plate thig Setrode:system in this sense.

does not have a resistance to ground of 25 ohms or It
shall be augmented by one additional electrode of any{%§
the types specified by 250.52(A)2) through (A)(7). Whe
multiple rod, pipe, or plate electrodes are installed to M7
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0.60 Use of Air Terminals

: :mlinal conductors and driven pipes. rods. or plate
0des used for grounding air terminals shall not be used
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Exhibit 250.25 The resistance 1o ground of a ground rod being
measured by a ground tester.

in lieu of the grounding clectrodes required by 250.50 for
grounding wiring systems and equipment. This provision
shall not prohibit the required bonding together of grounding
electrodes of different systems.

FPN No. I: See 250.106 for spacing from air terminals.
See 800.100(D), 810.21(3). and 820.100(D) for bondiog
of electrodes.

FPN No. 2: Bonding together of alt sep 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, or copper-clad aluminum. The material selected shall
be resistant to any corrosive condition existing at the installa-
tion or shall be suitably protected against corrosion. The
conductor shall be solid or stranded, insulated, covered, or
bare.

250.64 Grounding Electrode

Conductor Installation

Grounding electrode conductors shall be installed as speci-
fied in 250.64(A) through (F).

(A) Aluminum or Copper-Clad Aluminum Conductors
Bare aluminum or copper-clad aluminum grounding conduc-
tors shall not be used where in direct contact with masonry
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or the earth or where subject to corrosive conditions. Where
used outside. aluminum or copper-clad aluminum grounding
conductors shall not be terminated within 450 mm (18 in.)
of the earth.

(B) Securing and Protection Against Physical Damage
Where exposed, a grounding electrode conductor or its en-
closure shall be securely fastened to the surface on which it
is carried. A 4 AWG or larger copper or aluminum grounding
electrode conductor shall be protected where exposed to
physical damage. A 6 AWG grounding clectrode conductor
that is free from exposure to physical damage shall be permit-
ted to be run along the surface of the building construction
without metal covering or protection where it is securcly
fastened to the construction: otherwise. it shall be in rigid
metal conduit, intermediate metal conduit, rigid nonmetallic
conduit, electrical metallic tubing, or cable armor. Grounding
electrode conductors smaller than 6 AWG shall be in rigid
metal conduit, intermediate metal conduit, rigid nonmetailic
conduit. electrical metallic tubing, or cuble armor.

See 250.64(F) for additional information on situations in
which raceways enclose the grounding electrode conductor,
Alsu see the commentary following 250.92(A )3 and the
illusiration that accompanies that commentary.  Exhibit
2501,32. for installation requirements for metal raceways used
to install and physically protect the grounding electrode
conductorts).

(C) Continueus Grounding electrode conductor(s) shall be
installed in one continuous length without a splice or joint
except as permitted in (1) through (4).

(1) Splicing shall be permitted only by irreversible com-
pression-type connectors listed as grounding and bond-
ing equipment or by the exothermic welding process.
Sections of busbars shall be permitted to be connected
together to form a grounding electrode conductor.
Bonding jumoper(s) from grounding electrode(s) and
grounding electrode conductor(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 cxothermic welding process.
(4) Where aluminum busbars are used. the installation shall
comply with 250.64(A).

Q@

3

Although an infrequent occurrence, there are conditions
under which it may be necessary to splice the grounding
electrode conductor. such as in the case of a remudeting
project within a building or the replacement of existing

clectrical equipment. Section 230.6HC) permits splicing;'
wire-type erounding efectrode conductor with irreversiblg
compression-type fiitings specifically listed as ;_m)undiné'H
equipment or by exothenmic welding. These methads creatg §
connections that are equated  have the sume punnunenc; g

as an unsphiced conductor. This section also recognizes the |

normal bolied connections between sections of bushar thy |
are joined o form the grounding electrode conductor. }
A new method for connecting sections of the gruundh;'g E
electrode conductor is recognized in the 2005 Code. A s6- 4
curely fastened section of copper or aluminum bushar, n;n
less than Y4 in, thick by 2in. wide (the length can be whitever ;
is necessary to make the connections). is permitted as’y
connection point for multiple grounding electrode condud
tors or for bonding jumpers that are used 1 bond mullipl;
erounding electrodes together. The connection of the wire
to the hushar must be via an exothermic weld or by a listed
connectar that is attached to the busbar using the lypiarl

holted connection. (’

(D) Grounding Electrode Conductor Taps Where a sc])
vice consists of more than a single enclosure as permitted

in 230.71(A). it shall be permitted to connect taps to lht:
common grounding electrode conductor. Each such tap coy
ductor shall extend to the inside of each such enclosure. T

common grounding electrode conductor shall be sized it
accordance with 250,66, based on the sum of the circular mil

area of the largest ungrounded service entrance conductor&(
Where more than one set of service entrance conductors &
permitted by 230.40, Exception No. 2 connect directly to4
service drop or lateral, the common grounding electrode
conductor shall be sized in accordance with Table 250.6)
Note 1. The tap conductors shall be permitted to be siud'
in accordance with the grounding electrode conductors spec;
ified in 250.66 for the largest conductor serving the respec;
tive enclosures. The tap conductors shall be conncctcdtg
the commeon grounding electrode conductor in such a manne
that the common grounding electrode conductor remaits
without a splice or joint.

Grounding electrode (tap) conductors must be sized usilil{
Table 250.66 and are based on the size of the largest pha¥
conductor serving each service disconnecting means encle
sure. The main grounding electrode conductor from whid
the taps are made is sized from Table 250.66 based on d,‘
sum of the cross-sectional areas of the largest un"ruund1
service-enrance conductors or equivalent cross-sectiol

area for paratle! conductors that supply the muliiple servict
disconnecting means. As iflustrated in Exhibit 250.26. d,‘
tap method eliminates the difficulties found in luupﬂg
erounding electrode conductors from one enclosure 10 &
other. The 2 AWG grounding electrode conductor (b
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v ‘,_;-“; i

1 B B
el A
86
|
s (| W0 s L - A KNG O tan
Exwe Cu grounding electrode conductor sized

= for 350-kcmil service entrance conductors

Exhibit 250.26 The tap method of connecting grounding elec-
trode conductors from one enclosure to another.

on the 350-kemil ungrounded conductor) shown in Exhibit
250.26 is required to be installed without a splice or juint,
rexcept as permitted in 250.64C), and the 8 AWG and 4
1 AWG taps are sized from Table 250.66 based on the size
; of the ungrounded conductor serving the respective service
¢ disconnecting means.

i

(E) Enclosures for Grounding Electrode Conductors
Ferrous metal enclosures for grounding electrode conductors
shall be electricaily continuous from the point of attachment
10 cabinets or equipment to the grounding electrode and
shall be securely fastened to the ground clamp or fitting.
NOHfgrrous metal enclosures shall not be required to be
electrically continuous. Femrous metal enclosures that are
not PhY_SiCally continuous from cabinets or equipment to the
Emuﬂdm.g electrode shall be made electrically continuous
y bon'dmg each end of the raceway or enclosure to the
f;‘:l“ﬂd:;lg clectrf)de conductor. Bonding shall apply at each
enc]:sn to all 1ntewen1ng ferrous raceways, boxes. and
elecuolges between (}.1e service equipment and the grounding
sl !:- The bonding jumper for a grounding electrode
o ]argﬂr t:ceway or caple annor shall be the same size as,
g, an, the required cn.closed grounding electrode
ETOundior' Where a raceway is used as protection for a
with thcng ele.clrode conductor, the installation shall comply
requirements of the appropriate raceway article.

Nzt
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Bonding jumpers installed to ensure the electrical continuity
of ferrous metal enclosures must be sized in accordance with
250.102(C). Exhibit 250.32, which appears in the commen-
tary following 250.92(AxK3). shows the bonding of a ferrous
wetal raceway 1o a grounding electrode conductor at both
ends to ensure that the raceway and conductor are in paralle).

(F) To Electrode(s) A grounding electrode conductor shall
be permitted to be run to any convenient grounding electrode
available in the grounding electrode system, or to one or
more grounding electrode(s) individually, or to the aluminum
or copper busbar as permitted in 250.64(C). The grounding
electrode conductor shall be sized for the largest grounding
electrode conductor required among all the electrodes con-
nected to it.

Exhibit 250.27 shows an example of a grounding electrode
system. The single grounding electrode conductor is permil-
tedd 10 run to any convenient grounding electrode avail-
able.” and the other electrades are connected together using
bonding jumpers sized in accordance with 25(.66. For the
2005 Code, a permitied alternative to runping the grounding

™ Ground ring

Exhibit 250.27 An example of running the grounding electrode
conductor to any convenient efectrode available as well as bond-
ing electrodes together to form the grounding electrode system
required by 250.50.
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electrode conductor to an electrode is to run it to a busbar
used as a connection point for bonding jumpers from multi-
ple electrodes that form the grounding electrode system. See
the commentary on 250.64(C) for more tnformation on this
method. -

250.66 Size of Alternating-Current Grounding
Electrode Conductor

The size of the grounding clectrode conductor of a grounded
or ungrounded ac system shall not be less than given in
Table 250.66, except as permitted in 250.66(A) through (C).

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

Table 250.66 G ding Electrode Cond for
Alternating-Current Systems

Size of Largest Ungrounded
Service-Entrance Conductor or
Equivaient Area for Parallel
Conductors® (AWG/kemil)

Size of Grounding
Electrode Conductor
(AWG/kemil)

Aluminum or Aluminum or

W,Eon of the conductor that is the sole connection to the
g'munding electrode shall not be required to be larger than
AWG copper wire.

()‘-'Connections to Ground Rings Where the grounding
lectrade conductor is conrected to a ground ring as permit-
ted in 250.52(A)(4), that partion of the conductor that is
ihe sole connection to the grounding electrode shall not be
required to be larger than the conductor used for the ground

Solution
Stee 1. Using Table 8 in Chapter 9. calculate the total cirey

- E:
tar mil area of both grounded service conductors.

o

3 AWG = 52,620 circular mils
3/0 AWG = 167.800 mills
Total area = 220.420 circular mils

1

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

Step 2. Use Table 250.66 to size the grounding electrodcl
conductor. According to the fourth row, “Over 3/0 througi i

. . .
conduc_tl% is run from the service equipment or scparately
feriyed System to a water pipe or structural metal building

ze conductor, per Table 250.66. If the grounding

Copper-Clad Copper-Clad
Copper Aluminum  Copper  Aluminum®
2 or smaller 1/0 or smaller 8 6
1or 10 2/0 or 3/0 6 4
2/0 or 3/0 4/0 or 250 4 2
Over 3/0through  Over 250 2 1/0
350 through 500
Over 350 Over 500 170 30
through 600 through 900
Over 600 Over 900 20 4/0
through 1100 through 1750
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 largest

servi d shall be d by the largest sum of
the areas of the corresponding conductors of each se1. ;
2. Where there are no servic di the ding elec-

trode 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 applies to the derived conductors of separately derived
ac systems.

bSee installation restrictions in 250.64(A).

Example
Apply the sizing requirements in Table 250.66 to Exhibit
250.28 to determine the size of the grounding electrode
conductor.

ecuode conductor from the service equipment was run,
[todexample, to the ground rod first and then to the water
[ipcy t}'u‘s conductor to the ground rod would also have to
beYiulll %ize, per Table 250.66. Note that Exhibit 250.29 is
[0 intnc]ed to show the physical routing and connection
olielbonding jumpers. The sizes for the bonding Jjumpers
[iclthelground rod and the concrete-encased electrode shown
infExhibit, 250.29 are the maximum sizes required by the
@, Y use of bonding jumpers or grounding electrode

.
k

BT

3/0 AWG ——> ”
ungrounded Neutral
e Building semt:z1 entrance (]
seel conductors
e TS (g e — & MW Culap Service =7
i | v equipment
'k\ / '*:‘I"" 4 AWG Cu grounding
2 AWG Cu grounding etectrode conductor sized for i par electrode conductor
"= circular mil area of service-entrance conductors £ o 4 NG Cu
. ' r i Not required to be
- A % g‘l targer than 4 AWG Cu
Exhibit 250.28 A grounding electrode conductor with mulliple o s D=
sets of service conductors, sized according to Table 250.66) 4 «_ Not less than

Note 1. 3

ground ring

(A) Connections to Red, Pipe, or Plate Electrodes Wheg

the grounding electrode conductor is connected to rod, pix i o

or plate electrodes as permitted in 250.52(A)(5) or (A) 9 il o “: 59
that portion of the conductor that is the sole connectionyg P 16 b ot > SOt
the grounding electrode shall not be required to be JaEZ8 &1 lagg than 2 AWSOCU/ Ground ring

than 6 AWG copper wire or 4 AWG aluminum wire.

2?2.29 Grounding electrode conductor and bonding
5!§EG\iQ accordance with 250.66 for a service supplied
AWG ungrounded conductors.

(B) Connections to Concrete-Encased Electrodes Whtl
the grounding electrode conductor is connected to 2 C‘?_' N
crete-encased electrode as permitted in 250.52(A)(3), thE
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conductors farger than required by 250.66 is certainly not
prohibited.

250.68 Grounding Electrode Conductor and
Bonding Jumper Connection to Grounding
Electrodes

(A) Accessibility The connection of a grounding ¢lectrode
conductor or bonding jumper to a grounding electrode shall
be accessible. .

Exception No. 1: An ! or buried jon to a
concrete-encased, driven, or buried grounding electrode
shall not be required to be accessible.

Exception No. 2: An exothermic or irreversible compression
connection to fire-proofed structural metal shall not be re-
quired t0 be accessible.

* Where the exposed portion of an encased, driven, or buried

electrode is used for the termination of a grounding electrode
conductor, the terminations must be accessible. However, if
the connection is buried or encased. terminations are not
required to be accessible. Ground clamps and other connec-
tors suitable for use where buried in earth or embedded in
concrete must be listed for such use, either by a marking
on the connector or by a tag attached to the connector.
See Exhibit 250.22 and Exhibit 250.24 for illustrations of
encased and buried electrodes. For the 2005 Code. an excep-
tion has been added to permit connections to fireproofed
structural steel to be encapsulated by the fireproofing mate-
rial. Because these connections are not required to be accessi-
ble for inspection, the method of connection to the structural
member must be cither an exothermic weld or an irreversible
compression connector. This new exception recognizes the
importance of maintaining the integrity of the structurai
fireproofing.

(B) Effective Grounding Path The connection of a
grounding electrode conductor or bonding jumper to a
grounding electrode shall be made in a manner that will
ensure a permanent and effective grounding path. Where
necessary to ensure the grounding path for a metal piping

“system used as a grounding electrode, effective bonding

shall be provided around insulated joints and around any
equipment likely to be disconnected for repairs or replace-
ment. Bonding conductors shall be of sufficient Jength to
permit removal of such equipment while retaining the integ-
rity of the bond.

Examples of equipment likely to be disconnected for repairs
or replacement are water meters and water filter systems.
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250.70 Methods of Grounding and Bonding
Conductor Connection to Electrodes

The grounding or bonding conductor shall be connected to
the grounding electrnde by exothermic welding, listed lugs,
listed pressure connectors. listed clamps, or other listed
means. Connections depending on solder shall not be used.
Ground clamps shall be listed for the materials of the ground-
ing electrode and the grounding electrode conductor and,
where used on pipe. rod, or other buried electrodes. shall
atso be listed for direct soil burial or concrete encasement.
Not more than one conductor shall be connected to 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

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

For indoor telecommunications purposes only, a listed
sheet metal strap-type ground clamp having a tigid metal
base that seats on the electrode and having a strap of
such material and dimensions that it is not likely to
stretch during or after installation

(4) An equally substantial approved means

2

~

3

Where a ground clamp is used and terminates. for example.
on a galvanized water pipe. the clamp must be of 4 material
that is compatible with steel. to prevent galvanic corrosion,
The same type of compatibility requirement applies to
ground clamps on copper water pipe. .

Exhibit 250,30 shows a listed ground clamp gencrally
used with 8 AWG through 4 AWG grounding electrode
xothermic weld kits acceptable for this purpose
able.
ows a listed U-bolt ground clamp.
lable for all pipe sizes and all grounding

canduciors.
are commercially ava
Exhibit 250.31
These clamps are av

Exhibit 250.31 An application of a listed U-bolt ground clam;'\),z
|

electrode conductor sizes. Where grounding electrude cop
ductors are run in conduit, conduit hubs may be hnlwd'm’*
the threaded portion of the U-bolr. H

IV. Enclosure, Raceway, and Service
Cable Grounding

250.80 Service Raceways and Enclosures

Metal enclosures and raceways for service conductors and
equipment shall be grounded,

Exception: Ametal elbow that is installed in an umlm'gmwulf !
installation of rigid llic conduit and is isolated, fmq
possible contact by a minimuin cover of 450 mm (18 in.) 4,
any part of the elbow shall not be required to be grounded

The exception to 250.80 recognizes that metal sweep elboyg
are often installed in underground instatiaions of rigid nﬂf
metatlic conduit. The metal elbows are installed hecaus
nonmetallic elbows can be damaged by friction from ﬂf
pulling ropes used during conductor instatlation. The elbot
are isolated from physical contact by burying the en
elbow a1 a depth not less than 18 in. below grade.

250.84 Underground Service Cable or Raceway |3

(A) Underground Service Cable The sheath or armor 9§ .

acontinuous underground metal-sheathed or armored servi¢§
cable system that is bonded to the grounded undergm'-fnd

system shall not be required to be grounded at the builditfy
“or structure. The sheath or armor shall be permitted to 4

insulated from the interior metal raceway conduit or pilJinf' i
(B) Underground Service Raceway Containing CabY
Anunderground metal service raceway that contains a m
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sheathed or armored cable bonded to the grounded under-
ground systern shall not be required to be grounded at the
building or structure. The sheath or armor shall be permiited

to be insulated from the interior metal raceway or piping.

250.86 Other Conductor Enclosures
. and Raceways
A Exceptas permitted by 250.112¢f). metal enclosures and race-

" 4 ways for other than service conductors shall be grounded.

o —r
"1 Section 250.86 requires grounding. bonding. and ensured
electrical continuity of all enclosures and metal raceways.
Connectors, couplings. or other similar fittings that perform
mechanical and electrical functions must ensure bonding
{and grounding continuity between the fitting, the metal race-
way, and the enclosure. Metal enclosures must be grounded
so that when a fault occurs between an ungrounded (hot)
conductor and ground, the potential ditlerence between the
« | non=current-carrying pasts of the electrical instailaton is

o [ minimized, thereby reducing the risk of shock.

Exception No. 1: Metal enclosures and raceways for con-
" ductors added to existing installations of open wire, knob
- and tube wiring, and nonmerallic-sheathed cable shall not
be required to be grounded where these enclosures or wiring
methods comply with (1) through (4} as follows:

(1) Do not provide an equipment ground
(2) Are in runs of less than 7.5 m (25 )
<(3) Are free from probable contact with ground, grounded
metal, metal lath, or other conductive material
. (4} Are guarded against contact by persons

Exception No. 2: Short sections of metal enclosures or race-
ways used to provide support or protection of cable assem-
: blies from physical damage shall not be required 10 be

+ grounded.

. Exception No. 3: A metal elbow shall not be required to he
g’!.mndé!d where it is installed in a nonmetallic raceway and
s isolated from possible contact by a minimum cover of 450
. (18 in.) 10 any part of the elbow or is encased in not
**less than 50 (2 in.) of concrete. N

_¥. Bonding
250.90 General

Bﬂndin; shall be provided where necessary to casure electri-
" continuity and the capacity to conduct safely any fault
Current likely to be imposed.

e .‘2$0-92 Services

) {A) Bonding of Services The non-current-carrying metal
ﬁ‘;‘(‘ of equipment indicated in 250.92(AX1). (A)(2), and
3) shall be effectively bonded together.

"“ﬁonal Electrical Code Handbook 2005

(1) The service raceways, cable trays, cablebus framework,
auxiliary gutters, or service cable armor or sheath except
as permitted in 250.84.

(2) All service enclosures containing service conductors,

including meter fittings, boxes. or the like, interposed

in the service raceway or armor.

Any metallic raceway or armor enclosing a grounding

electrode conductor as specified in 250.64(B). Bonding

shall apply at each end and to all intervening raceways,

boxes, and enclosures between the service equipment

and the grounding ¢lectrode.

3

Section 250.92(A )3} is intended to clarify that where metal
raceways. buxes. or enclosures contain a grounding electrode
conductor, both ends of the raceway. box, or enclosure must
be bonded to the grounding electrode conductor, as illus-
trated in Exhibit 250.32. Bonding the raceway to the conduc-
tor reduces the impedance and minimizes the potential
difference between the electrical equipment and ground, Tt
should be noted that a change in 250.64E) for the 2005
Code requires bonding of only ferrous metal enclosures that
contain a grounding electrode conductor. See also 250.64(E)
and 250.102(A) for requirements covering the installation
of protective enclosures for grounding electrode conductors
and for materials permitied as bonding jumpers.

- Main bonding jumper
- Grounded conductor terminal bar

- Grounding electrode conductor

- Supply-side equipment
bonding jumper

Supply-side equipment

Mmal raceway
" Y bending jumper

Water pipe
electrode

Exhibit 250.32 Bonding of a metal raceway that contains a
grounding electrode conductor to the conductor at both ends, as
required by 250.64(E).
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250.92

Article 250 — Grounding and Bonding

(B) Method of Bonding at the Service Electrical continu-
ity at service equipment. service raceways, and service con-
ductor 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

Exhibit 250.33 illustrates grounding and bonding at an indi-
vidual service. Exhibit 250.34 Hlustrates a grounding and
bonding arrangement for up to six switches (three are shown)
that serve us the service disconnecting means for an individ-
ual service, Section 250.24(C) clarifies that the grounded
service conductor must be run to each service disconnecting
means and be bonded to the disconnecting means enclosure.
Section 250.92(B)(1) permits the bonding of service equip-
ment enclosures o be accomplished by bonding the
grounded service conductor to the enclosure.

Article 250 — Grounding and Bonding

—— Girpunided sarvics condect
Supoty- s mjm-'.lburrq g

Grounding
electrode

conductor  Main bonding

jumpers

[Exhibit{250.35 Grounding bushings used to connect a copper

sarvice
conductor (neutral)
Metal raceway
~~= Supply-side squipment
bonding jumper

Main bonding jumper

- Grounding electrode
conductor

I

—|

U

4 Grounding electrode
{system)

Exhibit 250.33 Grounding and bonding for a service with one
disgonnecting means.

Q@

-

Connections utilizing threaded couplings or threaded
basses on enclosures where made up wrenchtight

(3) Threadless couplings and connectors where made up
tight for metal raceways and metal-clad cables

Other listed devices. such as bonding-type locknuts,
bushings, or bushings with bonding jumpers

“
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or rounding wire to conduits. (Courtesy of Thomas &

Exhibit 250.34 A grounding and bonding arrangement for muiZ
ple swilches that serve as the service disconnecting means

an individual service.

Note that method (4) in 250.92(B) requires other similag
devices. such as listed bonding-type locknuts or bushing
Standard locknuts or sealing locknuts are not acceptablg]
the *“sole means™ for bonding on the line side of s
equipment.

Grounding and bonding bushings for use with rigidjog
intermediate metal conduit arc provided with means (usually
one or more set screws that make positive contact with.thd
conduit) for reliably bonding the bushing and the conduitios
which it is threaded to the metal equipment enclosure orbox

Grounding bushings used with rigid or intermediag
metal conduit or with tubing (EMT) fittings, such as thgs
shown in Exhibits 250.35 and 250.36. have provisions{ig
connecting a bonding jumper or have means provided[o

the manufacturer for use in mounting a wire connector.Thid
type of bushing may also have means (usually one or mg
set screws) to reliably bond the bushing to the con L
Exhibit 250.37 shows a bonding-type wedge lug us 13
connect a conduit to a box.

flection of a grounding conductor or bonding jumper.
Bf Thomas & Betts Corp.)

R3nio

o . ) onding for Other Systems
) Bonding jumpers meeting the oth;r requirements of AR e ssible means cxternal to enclosures for connecti

article shall be used around concentric or eccentric kno oy Stem bonding and grounding electrode cotl:lmC ore
outs that are punched or otherwise formed 5o as to im/ Al g Provided at the servglce ui gment and at then dUC'Ol'S
the electrical connection to ground. Standard locknuts ¥ means for any adl dmon:?bll:ll dings or struct lsco;: -
bushings shall not be the sole means for the bonding req "SRG of the followin: . 5 Claggctires By
by this section. @ N 8 means:

4posed nonflexible metallic raceways
Posed grounding electrode conductor
PPToved means for the external connection of a copper
;lothﬂ corrosion-resistant bonding or grounding con-
BC0r to the grounded raceway or equipment

For an example of concentric and ecceatric knockouls ®
the commentary following the definition of bonding j
in Article 100 and Exhibit 160.3.

2005 National Electrical Code Hov &8 Electrical Code Handbook 2005

Exhibit 250.37 A grounding wedge lug used to provide an electri-
cal connection between a conduit and a box. (Courtesy of
Thornas & Betts Corp.)

FPN No. I: A 6 AWG copper conductor with one end
bonded to the grounded nonflexible metallic raceway or
equipment and with 150 mm (6 in.) or more of the other
end made accessible on the outside wall is an example
of the approved means covered in 250.94(3).

Other accessible external means for intersystem bonding
that comply with 250.94, FPN No. 1, are illustrated in Exhibit
250.38. On the left is an illustration of accessible means for
the connection. The illustration on the right shows a method
of providing the required bonding means when the pan-
elboard is a flush type.

FPN No, 2: SccSOD 100, 810.21, and 820. 100 for bond-

ing and gr for ions cir-
cuits, radlo and u:l:v:snon equipment, and CATV circuits.

An extemal accessible bonding means is equally important
for separate buildings and mobile homes. In these occupan-
cies, the disconnecting means enclosure on the load side of
the service can be considered the equivalent of the service
equipment for the purpose of intersystem bonding.

The Code requires that separate systems be bonded
together to reduce the differences of potentiat between them
due to lightning or accidental contact with power lines.
Lightning protection systems. communications, radio and
TV.and CATV systems must be bonded together to minimize
the potential differences between the systems.

Lack of interconnection can result in a severe shock
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250.84 Adticla 260 — Grounding and Bondng

Article 250 -— Grounding and Bonding 250.97

fruns. .This potential could also appear across. a
one hand on the CATV cable and the other hand
surface connected to, thc power ground (c.g,a
Gi:a refrigerator).

“voltage is likely to be mnny times the 10,000
jted, because extremely low (below normal) val-
ed for both resistance to ground and current.
Silhtion systems, however, are not desngned to with-
Fe10,000 volis. Even if the insulation system does
510, 000—volt surge, itis llkely 10 be damaged and

c'snuauon would exist if the current surge were
[V cable or a telephone line. The only difference

hilliiliresistance to ground of the grounding electrodes.
PBution is to bond the two grounding electrode
gther, as shown in Exhibit 250.40, or to.connect
able jacket to the power ground, which is exactly

Exhibll 250,39 & CATV insialtation that does nal compiy
tha Code, ihustrating why bondrg baiwesn difersnt sys

ions and CATV .installers encounter

Exhibit 250.38 Examples of accessible external means for in-
y honding, as required by 250.94 tor service equipment
and buitding or strum'ure qisoonnecting means.

and fire hazard. The reson for this potential hazard § i itlus-
trated in Exhibit 250.39, which shows a CATV cablé with
its JﬂCkCl grounded to'a sepzu'ale ground rod and not bonded
10°the power ground.' The cable is connected 16-the cable
decoder and the tuner of a tclevnswn set. Also conriected to
the decoder and the television is the i20-volt supply. with
one conductor grounded at the service (the power ground).
In cach case, resistance to ground is present at the grounding
electrode. This resistance to ground varies widely, depending
on soil conditions and the type of grounding electrode. The
resistance at the CATV- ground is likely to be higher than
the power ground resistance, because the power ground is
often an underground metal water piping system or concrete-
encased electrode, whereas the CATV ground is commonly
a ground rod. .

For example, for the CATY installation shown in Exhibit
250.39, assume that a current is induced in the power line
bysa switching surge or a nearby lightning strike, so that a
momentary current of 1000 amperes occurs over the power
line to the power line ground. This amount of current is not

| under such circi es — the amount could be.
and often is, considerably higher. Also assume that the power
ground has a resistance of 10 ohms. a'very low value in
most circumstances (a single ground rod in average soil has
a resistance to ground in the neighborhood of 40 ohms).
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¥ ith. Code gmundmg and bonding require-
8¢ difficulties arise from the. increasing use- of
grater pipe, fittings, water meters, and service
e past; bonding - between communications;
ower systems was usually achleved by connect-
cable' shield
metatlic water pipe, because the pipe was often
wer grounding electrode. Thus, the require-
wer, commumcmmns, CATV cablé shield,
UlMvater piping syslcms be bonded togelher was
il iy d. If the power was grounded to one of the

? 4 "as a ground rod, the bond was-connected to
(=H |T- undxng eleclrode conductor of, oa metallic

&> prolnfe tion of plasuc water’ plpe ‘and ‘the
dency for service equipment (often flush-

installed in finished areas, where lhe ground-
onductor is often concealed, as “well-as the
of plastic service-entrance condun, communi:
; _I"!@'lrﬂ- TV insiallers no longer have dccesstoa point
sl 112 bonding jumpers or groundmg conductors.
1250.39. and, also, the commentary fnllowmg

PN No 2 v 3

Exhibii 250.40 A cable TV instailation that comples with 253

According to Ohm's law, the current through the ol
ment connected to the electrical system will be raised{d
mentarily to a potential of 10.000 volts (§000 ampeT:g
10 ohms). This potential of 10,000 volts would exist bef
the CATV system and the electrical system and betwegly
grounded conductor within the CATV cable “ '__
grounded surfaces in the walls of the home, such as i
pipes (which are connected to the power ground), over

5

puding Other Enclosures

{ ral Metal raceways, cable trays, cable armor,
ath, enclosures, frames, fittings, and other metal

e, .
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fthe voltage involved, which would depend on the -

de requires:"When one systerh.is.raised above.
tial, the second system rises to the same poten-
i) ohage exists' between the' two groundmg sys-‘

ndmg mles are provndcd to: address Lhc diffi-"

non-current-carrying parts that are to serve as grounding
conductors, with or without the use of supplementary equip~
ment grounding conductors, shall be effectively bonded
where necessary to ensure electrical continuity and the ca-
pacity to conduct safely any fault current likely to be imposed
on them. Any nonconductive paint, enamel, or similar coat-
ing shall be removed at threads, contact points, and contact
surfaces or be connected by means of fittings designed so
as to make such removal unnecessary.

(B) Isolated Grounding Circuits Where required for the
reduction of electrical noise (electromagnetic 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 raceway fittings located
at the point of attachment of the raceway to the equipment
enclosure. The metal raceway shall comply with provisions
of lhls amclc and shall be supplemented by an internal
g conductor installed in accor-
dance wnh 250 146(D) to gxound the equipment enclosure.

FPN: Use of an isolated equip di d
does not relieve the requirement for groundmg the race-
way system,

To reduce electromagnetic interference, 250.96(B) permits
electronic’ equnpmcnl to be isolated from the raceway in a
manner. smular to that for cord-and-plug-connecled CC(Ulp-"

" ment. Secuon 350, 96(B) specifies.that a metal equipment
'cnclosure supphed by-a branch:circuit,

’ requnrement ‘and that subsequcnt wiring, raceways, or other
“equipment.beyond the insulating fitting is not permitied.’

s the subjccl of the

Exhibits 250.41 and 250.42 show cxamples of installa- -
tions. ‘In’ Exhibit 250.41; note Lhat the metal raceway is
grounded in the usual manner, by auachment to the grounded

" service enclosure, satisfying the concemn mentioned in the .

FPN 10°250.96(B). In Exhibit 250.42, note that 408.40, Ex- -
ccpnon permits, but does not require, the isolated equipment

B groundmg conductor (which- is, rcquu"ed\lo bc insulated)

10 pass - through the subpanel and- run back: 0 the service .
cqunpmem The key to this method of. groundmg electromc '
equipment.is to always ensuré that the insulated equipment .
grounding conductor, regardless of- ‘where it terminates in

-the distribution system, is connected in a manner that creates -

an effecnve pa!.h for ground fault current, as requu'ed by"’
250 4(A)(5) '

250.97 Bonding for Over 250 Volts

For circuits of over 250 volts to ground, the ¢lectrical conti-
nuity of metal raceways and cables with metal sheaths that
contain any conductor other than service conductors shall
be ensured by one or more of the methods specified for
services in 250.92(B), except for (B)(1).
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250.98

Articla 250 — Grounding and Bonding

i it
e Isoialet_! equipmen

?insmaﬁo; required)
Listed nonmetallic
raceway fitting \

Metal mceway

Exhibit 250.41 An installation in which the electronic equipment
is grounded through the isolated equipment grounding conductor.

L=

Listed nonmetallic raceway fitting /

Exhibit 250.42 An instatlation in which the isolated equipment
grounding conductor is allowed to pass through the subpanel
witiout connecting to the grounding bus to teminate at the ser-
vice grounding bus.

Exception: Where oversized, concentric, or eccentric knock-
outs are not encountered, or where a box or enclosure with
concentric or eccentric knockouts is listed to provide a per-
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: ¢
manent, reliable electrical bond, the following methods shaly
be permitted: 3

(1) Threadless couplings and connectors for cables wi,!,
metal sheaths §
(2) Two locknuts, on rigid mesal conduit or intemlediag
metal conduit, one inside and one outside of boxes anj
cabinets z
(3) Fittings with shoulders that seat firmly against the boy
or cabinet, such as electrical metallic tubing connector;,

flexible metal conduit connectors, and cable conecton, ] £
with one locknut on the inside of boxes and cabineu) L &
(4) Listed fittings f 1

4
Bonding around prepunched concentric or eccentric knock;
outs is not required if the enclosure containing the knockomi
has been tested and is listed as suitable for bonding. Guids
card information from the UL General Information for Elec§
trical Equipment Directory {the UL White Book™) ind;
cates that concentric and eccentric knockouts of all metallig
outletboxes evaluated in accordance with UL 514A. Metalli
Outlet Boxes, are suitable for bonding in circuits of abov
or below 250 volts to ground without the use of additions
bonding equipment. Metallic outlet boxes are permitted, bu

The methods in items (1). (2). (3). and (4) in the ex
tion 10 250.97 are permitied for circuits over 250 volis i

tings with shoulders that seat firmly against the metal of g :
box or cabinet, to be installed with only one locknut on (i
inside of the box.

1
250.98 Bonding Loosely Jointed l .
Metal Raceways {
Expansion fittings and telescoping sections of metal ract-
ways shall be made electrically continuous by equipment
bonding jumpers or other means. 3 b

¥
250.100 Bonding in Hazardous ,3 E
(Classified) Locations ,'3
Regardless of the voltage of the electrical system, the clodf‘
cal continuity of non—current-carrying metal parts of equ?" :
ment, raceways, and other enclosures in any hazardoss,
(classified) location as defined in Article 500 shall be ¢
sured by any of the methods specified in 250.92(B)¥
through (B)(4) that are approved for the wiring method
One or fnore of these bonding methods shall be used wheth®
or not supplementary equipment grounding conductors Ui
installed. J

2005 National Electrical Code H:
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Article 250 — Grounding and Bonding

250.104

150.102 Equipment Bonding Jumpers

(A) Material Equipment bonding jumpers shall be of cop-
per of other corrosi i material. A bonding jumper
shall be a wire, bus, screw, or similar suitable conductor.

(B) Attachment Equipment bonding jumpers shall be
aached in the manner specified by the applicable provisions
of 250.8 for circuits and equipment and by 250.70 for
gmunding electrodes.

(C) Size — Equip Bonding Jumper on Supply Side
of Service The bonding jumper shall not be smaller than
_ the sizes shown in Table 250.66 for grounding electrode
‘:mndilctors. Where the service-entrance phase conductors
* are larger than 1100 kcmil copper or 1750 kemil aluminum,
* the bonding jumper shall have an area not less than [2%
< percent of the area of the largest phase conductor except
that, where the phase conductors and the bonding jumper
,Aa}s;o‘f different materials (copper or aluminum), the mini-
“'E;“m, size of the bonding jumper shall be based on the
.;‘Wuped use of phase conductors of the same material as
jizbonding junper and with an ampacity equivalent to that
the installed phase conductors. Where the service-entrance
pductors are paralleled in two or more raceways or cables,
¢ equipment bonding jumper, where routed with the race-
gays or cables, shall be run in parallel. The size of the
ding jumper for each raceway or cable shall be based
| the size of the service-entrance conductors in each race-

) Size — Equip Bonding per on Load Side
of Service The equipment bonding jumper on the load side
of the service overcurrent devices shall be sized, as a mini-
mum, in accordance with the sizes listed in Table 250.122,
2t shall not be required to be larger than the largest un-
s trounded circuit conductors supplying the equipment and
.shall aot be smaller than 14 AWG.

" A single common continuous equipment bonding
fix Jmper shall be permitted to bond two or more raceways or
£ cables where the bonding jumper is sized in accordance with
able 250,122 for the largest overcurrent device supplying
cuits therein,

&) Installation The equipment bonding jumper shall be
krimitted to be installed inside or outside of a raceway or
23closure. Where installed on the outside, the leugth of the
“*%ipment bonding jumper shall not exceed 1.8 m (6 ft)
d shal] be routed with the raceway or enclosure. Where

Yalled inside of a raceway, the equipment bonding jumper
&3l comply with the requirements of 250.119 and 250, 148,

‘?E'“Ptian: An equipment bonding jumper longer than 1.8
28 /) shall be permitted at outside pole locations for the
il

pl

fpo;re of bonding or g ling ions of metal

: "_&l Electrical Code Hamdhook 2005

b, i flod

raceways or in exposed risers of metal
conduit or other metal raceway.

fn many applications. equipment bonding jumpers must be
installed on the outside of metal raceways and enclosures.
For example, it would be impractical to install the bonding
Jumper for a conduit expansion joint on the inside of the
conduit. For some metal raceway and rigid conduit systems
and conduit systems in hazardous (classified) locations, in-
stalling the bonding jumper where it is visible and accessible
for inspection and maintenance is desirable. An exiernal
bonding jumper has a higher impedance than an internal
bonding jumper, but by limiting the length of the bonding
jumper to 6 ft and routing it with the raceway, the increase
in the impedunce of the equipmeat grounding circuit is insig-
nificant. Exhibit 250.43 illustrates a bonding jumper run
outside a length of flexible metal conduit. Because the func-
tion of a bonding jumper is readily apparent, color identifica-
tion is permitied, but not required.

10 AWG Cu bonding jumper
conductor not more than 6
long run external, routed

controfler  with the raceway

Exhibit 250.43 A bonding jumper around the outside of a flexible
metat conduit.

250.104 Bonding of Piping Systems and Exposed
Structural Steel

(A) Metal Water Piping The metal water piping system
shall be bonded as required in (A)(1), (AX2), or (A)(3) of
this section. The bonding jumper(s) shall be installed in
accordance with 250.64(A), (B). and- (E). The points of
attachment of the bonding jumper(s) shall be accessible.

(1) General Metal water piping system(s) installed in or
attached to a building or structure shall be bonded to the
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Article 250 — Grounding and Bonding

Article 250 — Grounding and Bonding

250.106

service equipment enclosure, the grounded conductor at the
service, the grounding electrode conductor where of suffi-
cient size, or to the one or more grounding clectrodes used.
The bonding jumper(s) shall be sized in accordance with
Table 250.66 except as permitted in 250.104(A)2) and
(A)(3).

Bonding the metal water piping system of a building or
structure is not the same as using the metal water piping
system as a grounding electrode. Bonding to the grounding
clectrode system places the bonded components at the same
voltage level. For example. a current of 2000 amperes across
25 ft of 6 AWG copper conductor produces a voltage differ-
ential of approximately 26 volts. Sections 250.104¢A)(1)
and 250.104(A)(3) require the metal water piping system of
a building or structure to be bonded to the service equipment
or grounding electrode conductor or, where supplied by a
feeder or branch circuit, to the building or structure discon-
necting means or grounding electrode conductor, Informa-
tion concerning bonding provisions for buildings with
multiple occupancies and isolated metal water piping sys-
tems is contained in the commentary for 250.104(AX2).
In those cases where it cannot be reasonably concluded
that the hot and cold water pipes are reliably bonded through
mechanical connections, an electrical bonding jumper is re-
quired to ensure that this connection is made. Some judgment
must be exercised for each installation. The special installa-
tion requirements provided in 250.64(A). 250.64(B). and
250.64(E) also apply to the water piping bonding jumper.

(2) Buildings of Multiple Occupancy In buildings of mul-
tiple occupancy wherc the metal water piping system(s)
installed in or attached to a building or structure for the
individual occupancies is metallically isolated from all other
occupancies by use of nonmetallic water piping, the metal
water piping system(s) for each occupancy shall be permitted
to be bonded to the equipment grounding terminal of the
panelboard or switchboard enclosure (other than service
equipment) supplying that occupancy. The bonding jumper
shall be sized in accordance with Table 250.122.

Section 250.104(A)(2) recognizes that the increased use of
nonmetallic water piping mains can result in the interior
metal piping system of a multiple-occupancy building to
be isolated from ground and from the other occupancies.
Thefefore, the water pipe is permitted to be bonded to the
panelboard or switchboard that serves only that particuiar
occupancy. The bonding jumper, in this case. is permitted
to be sized according to Table 250.122. based on the size
of the main overcurrent device supplying the occupancy.

(3) Multiple Buildings or Structures Supplied by a Feed-
er(s) or Branch Circuit(s) The metal water piping sys-
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Fnientionally grounded and is likely to become energized
shalfibc bonded to the service equipment enclosure, the
P Sunded conductor at the service, the grounding electrode
= ductor where of sufficient size, or the one or more
unding electrodes used. The bonding jumper(s) shall be
k24 iis accordance with Table 250.66 and installed in accor-
Y L with 250.64(A), (B), and (E), The points of attachment

e

Pijthe bonding jumper(s) shall be accessibie.

tem(s) installed in or attached to a building or structure
be bonded to the building or structure disconnecting meay
enclosure where located at the building or structure, to
equipment grounding conductor run with the supply condugy
tors, or to the one or more grounding electrodes used. TR
bonding jumper(s} shall be sized in accordance with 250,64
based on the size of the feeder or branch circuit conductory
that supply the building. The bonding jumper shall not |
required to be larger than the largest ungrounded feeder 3
branch circuit conductor supplying the building.

(B) Other Metal Piping Where installed in or attached g
a building or structure, metal piping system(s), includipy
gas piping. that is likely to become energized shall be bondeg
to the service equipment enclosure, the grounded conducty
at the service, the grounding electrode conductor where, g
sufficient size, or to the one or more grounding electrods)
used. The bonding jumper(s) shall be sized in accordandg
with 250.122, using the rating of the circuit that is likely
energize the piping system(s). The equipment groundiny
conductor for the circuit that is likely to energize the pip'in
shall be permitted to serve as the bonding means. The poini
of attachment of the bonding jumper(s) shall be accessibk

FPN: Bonding all piping and metal air ducts within the
premises will provide additional safety. ]

250.]04(C) requires exposed metal building frame-
0Tk [hg‘{s not intentionally or inherently grounded to be
ThndcdEio the service equipment or grounding electrode
EysemiRcvised for the 2005 Code. this requirement applies
wdl E framework, not only to steel framework.

gepmtely Derived Systems Metal water piping sys-
temns and structural metal that is interconnected to form a
uilding frame shall be bonded to separately derived systems
org]ance with (D)(1) through (D)(3).

Y

[(1)]Metal Water Piping System(s) The grounded conduc-
[lor{of;cach separately derived system shall be bonded to the
nearest available point of the metal water piping system(s)
thef;arca served by each scparately derived system. This
connection shall be made at the same point on the separately
derived System where the grounding electrode conductor is
connecied. Each bonding jumper shall be sized in accordance
WwithiTable 250.66 based on the largest ungrounded conduc-
O separately derived system.

Unlike the metal piping systems covered.in 250.104(A), g
requirement applies only to metal piping systems thatfad
likely to become energized. What this means is that wheg
metal piping systems and electrical circuits interface througJ
mechanical and electrical connections within equipmenti3
failure of electrical insulation can result in the connecte
piping system(s) becoming energized. Gas appliances argd
common example of metal gas piping and electrical circui
being connected to a common piece of equipment. andli]
this case the 250.104(B) requirements apply. The requicty
bonding of these other piping systems can occur at the st
locations specified in 250.104(A), or an additional provisi
within this paragraph permits the equipment grounding o8
ductor of the'circuit that is likely to energize the pipingy
the means for bonding the piping. Typically. the use off4
additional bonding jumper is not necessary 1o comply wif
this requirement because the equipment grounding conilcy
tion to the non—current-carrying metal parts of the apphidZg
also provides a bonding connection to the metal pi 2
attached to the appliance. This is a bonding requiremcy
and the other piping is not being used as an electrode. Theld
fore. this reguirement does not conflict with 250.528)()
which prohibits the use of metal underground gas pipingds
a grounding electrode for electrical services or other 0 ucg
of supply. 2

on No. 1: A separate bonding jumper to the metal
iping system shall not be required where the metal
paierpiping system is used as the grounding electrode for
[ireYsep ately derived system.

?g on No. 2: A separate water piping bonding jumper
-‘“ not be required where the metal frame of a building or
-“tre is used as the grounding electrode for a separately
detived system and is bonded to the metal water piping in

fad served by the separately derived system.
-,

Structural Metal Where exposed structural metal that
Lbtcrconnected to form the building frame exists in the
aiscrved by the separately derived system., it shall be
Londed the grounded conductor of each separately derived
pisem: This connection shalt be made at the same point on
conl’aﬁ_ilf.ly derived system where the grounding electrode
0T is connected. Each bonding jumper shall be sized
bsordance with Table 250.66 based on the largest un-
tRunded conductor of the separately derived system.

lonNo. 1: A separate bonding jumper io the building

£ ‘af.melal shall not be required where the metal frame

Riilding or structure is used as the grounding electrode
eparately derived system.

(C) Structural Metal Exposed structural metal that is§ -_‘
terconnected to form a metal building frame and is
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Exception No. 2: A separate bonding jumper to the building
structural metal shall not be required where the water piping
of a building or structure is used as the grounding electrode
Jor a separately derived system and is bonded to the building
structural metal in the area served by the separately derived
system.

Section 250.104(D) requires that where a separately derived
system supplies the power. the metal piping system and the
exposed structural metal in the area supplied by the sepa-
rately derived system must be bonded to the grounded con-
ductor at the point nearest the derived system and that this
connection must be accessible. Where either of these two
building elements is used as the grounding electrode for the
separately derived sysiem. it is not necessary to provide an
additional bonding jumper.

In addition, two new exceptions for the 2005 Code
perniit the following approaches for bonding of metal piping
or metal structures to separately derived systems. Where the
building metal structure is used as the grounding electrode
for a separately derived system, it is permitted to install a
bonding jumper between the metal structure and the water
piping. thus eliminating the need to run a separate bonding
jumper from the separately derived system source or distri-
bution equipment to the water piping. The same approach
can be taken for the structural metal where metal water
piping is serving as the electrode for the separately derived
system and a bonding jumper is installed from the piping
to the metal framework in the area served by that system.
Any bonding jumper used for this application is sized from
250.66 based on the largest ungrounded supply conductor
of the separately derived system.

(3) Common Grounding Electrode Conductor Where a
common grounding electrode conductor is installed for mul-
tiple separately derived systems as permitted by
250.30(A)(4), and exposed structural metal that is intercon-
nected to form the building frame or interior metal piping
exists in the area served by the separately derived system,
the metal piping and the structural metal member shall be
bonded to the common grounding electrode conductor.

Exception: A separate bonding jumper from each derived
system to metal waler piping and to structural metal mem-
bers shall not be required where the metal water piping and
the structural metal members in the area served by the
separately derived systemare bonded to the c
ing electrode conducior.

d-
grouna.

250.106 Lightning Protection Systems

The lightning protection system ground terminals shall
be bonded to the building or structure grounding electrode
system,
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FPN No. I: See 250.60 for use of air terminals. For
further information, see NFPA 780-2004, Standard for
the Installation of Lightning Protection Systems, which
o derailad ine ion on grounding, bonding, and
spacing from lightning protection systems,
FPN No. 2: Metal raceways, enclosures. frames. and
other non—current-carrying metal parts of electric equip-
ment instafled on a buildi quipped with a lightni
protection system may require bonding or spacing from
the lightning p ion ¢ in d: with
NFPA 780-2004, Standard for the Installation of Light-
ning Pr ion Systems. Separation from lightning pro-
tection conductors is typically 1.8 m (6 ft) through air
or 900 mm (3 ft) through dense materials such as con-
crete, brick, or wood.

Section 250.106 specifies that the grounding electrode sys-
tem of the lightning protection system be bonded to the
electrical service grounding electrode system, as shown in
Exhibit 250.44. A similar requirement is found in 4.14 of
NFPA 780, Standard for the Installation of Lighining Protec-
tion Svstems. Additional bonding between the lightning pro-
tection system and the electrical system may be necessary
based on proximity and whether separation beiween the
systems is through air or building materials.

FPN No. 2 to 250.106 references NFPA 780 for guid-
ance on determining the need for additional bonding connec-
tions. Section 4.21.2 of NFPA 780 includes a method for
calculating flashover distances.

Exposed, non—current-carrying metal parts of fixed
equipment that are not likely to become energized are not
reyuired to be grounded. These pants include some metal
nameplates on nonmetallic enclosures and small parts. such

Honding maquines Sabwisin
slncimas syRieTa '

Exhibit 250.44 Bonding between the lightning system ground
terminals and the electrical service grounding etectrode system,
in accordance with 250.106.

{: 3
r
_} | . .
are ) Pipe Organs Generator and motor frames in an electri-

cally operated pipe organ, unless effectively insulated from
% ound and the motor driving it.

as bolts and screws, if they are located so that they
likely to become energized.

VI. Equipment Grounding and
Equipment Grounding Conductors

250.110 Equipment Fastened in Place or
Connected by Permanent Wiring Methods
(Fixed) ;
Exposed non—curent-carrying metal parts of fixed equip]
ment likely 10 become energized shall be grounded und
any of the foltowing conditions:

(1) Where within 2.5 m (8 ft) vertically or 1.5 m (S 1§
horizontally of ground or grounded metal objects an
subject to contact by persons i

(2) Where located in a wet or damp location and not isol

(3) Where in electrical contact with metal :

(4) Where in a hazardous (classified) location as covered
by Articles 500 through 517 4

{
Where supplied by a metal-clad, metal-sheathed, mef

(O M;’E‘Q' Frames Motor frames, as provided by 430.242.

)En.closures for Motor Controllers Enclosures for

2 S ‘motor controllers unless attached to ungrounded portable
¢ C
{

¥ equipment.
egux?m‘e.‘l‘;l{

) Elevators and Cranes Electric equipment for eleva-
tors and;cranes.

it X

=2 (F) Ga‘x;-ages, Theaters, and Motion Picture Studios
? Electric éiluipmcm in commercial garages, theaters, and mo-

on picture studios, except pendant lampholders supplied
by circuits not over 150 volts to ground.

b) Elec‘trlc Signs Electric signs, outline lighting, and as-
ociated equipment as provided in Article 600.

(ﬁ) Motion Picture Projection Equipment Motion pic-

(5) $ L .
raceway. or other wiring method that provides an equip pure projection cquipment.
:;n; grle:nsr:;oc:cszgt(;snper;niltegl bcy 215036‘ Excepti 1) Power-Limited Remote-Control, Signating, and Fire
-2, for s s of mela’ enclosures = Alarm Circuits Equipment supplied by Class 1 power-
©) ?\;l(;ere ‘:;ql'npmem :perates with any terminal at o] imited circuits and Class |, Class 2, and Class 3 remote-
volts to groun ¢

¢ control and signaling circuits, and by fire alarm circuits,
hall be. grounded where system grounding is required by

art 11 or‘lzan VIII of this article.

¢
Exception No. 1: Metal frames of electrically heated apph;
ances, exempied by special permission, in which case.
frames shall be penmanently and effectively insulated fron ol _ L
ground. ’$ 3 2 (J) Luminaires ‘(Ligllnting Fixtures) Luminaires (lighting
Exception No. 2: Distribution apparatus, such as tra fixtures) as provided in Part V of Article 410.

former and capacitor cases, mounted on waoden poles, 4
a height exceeding 2.5 m (8 ft) above ground or grade leves
Exception No. 3: Listed equipment protecied by a sysitf
of double insulation, or its equivalent, shall not be regi
10 be grounded. Where such a system is employed, the equil

ment shall be distinctively marked.

250.112 Fastened in Place or Connected by $ 4

Permanent Wiring Methods (Fixed) — Specific,

Exposed, non-current-carrying metal pasts of the kinds <8 the pump is hauled out of the well casing and might

cquipment described in 250.112(A) through (K), (g iicsted in'd barrel of water.

non—current-carrying metal parts of equipment and enclig = o

sures described in 250.112(L) and (M), shall be gm““,d Sl e

regardless of voltage. ?‘ s Metal Well Casings Where a submersible pump is

(A) Switchboard Frames and Structures SwitChb? 2 f:eim a metal well casing, the well casing shall be bonded

frames and strugtures supporting switching equipment. 4 ¢ pump circuit equipment grounding conductor.

cept frames of 2-wire dc switchboards where effective 3 At

insulated from ground. 3 A ﬂt?o 50.112(M) is intended to prevent a shock hazard
: S could exist due to-a potential difference between the

D Which is grounded to the system ground. and the

H casing,

(K) Skid .Mounted Equipment Per ly mounted
K2 clecirical equipment and skids shall be grounded with an
equipment bonding jumper sized as required by 250.122.

(L) Motor-Operated Water Pumps Motor-operated water
pumps, inﬁluding the submersible type.

p cireq ren{e'nt of 250.112(L) is intended to reduce stray
ESES'md minimize shock hazard during maintenance.

Section 250.112(A) clarifies that dc switchboards ins
from ground are not required to be grounded.

'
e .
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250.114 Equipment Connected by Cord

and Plug

Under any of the conditions described in 250.114(1) through
(4). exposed non-current-carrying metal parts of cord-and-
plug-connected equipment likely to become energized shall
be grounded.

Exception: Listed tools, listed appliances. and listed equip-
ment covered in 250.114(2) through (4) shall not be required
to be grounded where protected by a system of double insula-
tion or its equivalent. Double insulated equipment shall be
distinctively marked.

The exception to 250.114 recognizes listed double-insulated
appliances, motor-operated hand-held tools. stationary and
fixed motor-operated tools. and light industrial motor-
operated tools as not requiring equipment grounding
connections.

(1) In hazardous (classified) locations (sce Articles 500
through 517)
(2) Where operated at over 150 volts to ground

Exception No. 1: Motors, where guarded. shall not be re-
quired 10 be grounded.
Exception No. 2: Metal frames of electrically heated appli-
ances, exempted by special permission, shall not be required
to be grounded, in which case the frames shall be perma-
nently and effectively insulated from ground.
(3) In residential occupancies:
a. Refrigerators, freezers, and air conditioners
b. Clothes-washing, clothes-drying, dish-washing ma-
chines; kitchen waste disposers; information technol-
ogy equipment; sump pumps and electrical aquarium
equipment
¢. Hand-held moter-operated tools, stationary and fixed
motor-operated tools, light industrial motor-operated
tools
d. Motor-operated appliances of the following types:
hedge clippers, lawn mowers, snow blowers, and wet
scrubbers
¢. Portable handlamps
(4) In other than residential occupancies:
. Refrigerators, freezers, and air conditioners
. Clothes-washing, clothes-drying. dish-washing ma-
chines: information technology equipment; sump
pumps and electrical aquarium equipment
¢. Hand-held motor-operated tools, stationary and fixed
motor-operated tools, light industrial motor-operated
tools
. Motor-operated appliances of the following types:
hedge clippers, lawn mowers, snow blowers, and wet
scrubbers

T e
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¢. Portable handlamps

f. Cord-and-plug-connected appliances used in damp
or wet Jocations or by persons standing on the ground
or on metal floors or working inside of metal tanks
or boilers

g. Tools likely to be used in wet or conductive locations

Exception: Tools and portable handlamps likely to be used
in wet or conductive locations shall not be required to be
grounded where supplied through an isolating transformer
with an ungrounded secondary of not over 50 volts.

Tools must be grounded by an equipment grounding conduc-
tor within the cord or cable supplying the tool. except where
the tool is supplied by an isolating transformer, as permitted
by the exception following 250.114(4). Portable tools and
appliances protected by an approved system of double insu-
lation must be listed by a qualified electrical testing labora-
tory as being suitable for the purpose. and the equipment
must be distinctively marked as double insulated.
Cord-connected portable tools or appliances are not in-
tended to be used in damp. wet. or conductive locations
unless they are grounded. supplied by an isolation trans-
former with a secondary of not more than 50 volts. or pro-
tected by an approved system of double insulation.
Exhibit 250.45 shows an example of lighting equipment
supplied through an isolating transformer operating at 6 or 12
volts that provides safe ilfumination for work inside boilers,
tanks, and similas locations that may be metal or wet.

Exhibit 250.45 Lighting equipment supplied through anisolating
transformer operating at 6 or 12 voits and therefore not required
to be grounded. {Courtesy of Daniel Woodhead Co.)

250.116 Nonelectric Equipment

The metal parts of nonelectric equipment described in (8
section shall be geounded. - R hie conduit is terminated in fittings listed for ground-

Fligwing conditions:

ko

(1) Frames and tracks of electrically operated cranes a3
hoists
(2) Frames of nonelectrically driven elevator cars to whicy
electric conductors are attached 1
(3) Hand-operated metal shifting ropes or cables of electy]
elevators :

'og} metric designators 12 through 16 (trade sizes %
hrough Y4), the circuit conductors contained in the
Foonduit are protected by overcurrent devices rated
fat 20 amperes or less.

[C%-or metric designators 21 through 35 (trade sizes e
f ihrough 1%), the circuit conductors contained in the
conduit are protected by overcumrent devices rated
ot more than 60 amperes and there is no flexible
metal conduit, flexible metallic tubing, or liquidtight
flexible metal conduit in trade sizes metric designa-
fiors 12 through 16 (trade sizes ¥ through '4) in the
" grounding path.

e combined length of flexible metal conduit and
Eflexible metallic tubing and liquidtight flexible metal
conduit in the same ground return path does not
exceed 1.8 m (6 ft).

¢z Where used to connect equipment where flexibility is
- y after i lation, an equip grounding
conductor shall be installed.

FPN: Where extensive metal in or on buildings may
become energized and is subject to personal contact, |
| bonding and gi ding will provide additional

safe}y.

Because metal siding on buildings is not electrical eq(f§
ment, it is outside the scope of the Code [see 90.2(4
Therefore. the Code cannot require that it be grounded. Qi
often. however, luminaires. signs. or receptacles are ins
on buildings with metal siding that could become energizg
Grounding of metal siding reduces the risk of shockfig]
persons who may come in contact with siding that has B
come energized. iy

250.118 Types of Equipment
Grounding Conductors

The equipment grounding conductor run with or enclosing
the circuit conductors shall be one or more or a combinatig:
of the following:

it that requires a degree of movement or flexibil-
of its anticipated operating conditions, it is re-
an equipment grounding conductor be installed

(1) A copper. aluminur, or copper-clad aluminum condug
tor. This conductor shall be sclid or stranded; insulak:3
covered, or bare; and in the form of a wire or a busha
of any shape.

(2) Rigid metal conduit.

(3) Intermediate metal conduit.

(4) Electrical metallic tubing,

(5) Listed flexible metal conduit meeting all the followig
conditions:

xible metallic tubing where the tubing is terminated
fittings listed for grounding and meeting the following

B The circuit conductors contained in the tubing are
- Protected by overcurrent devices rated at 20 amperes

a. The conduit is terminated in fittings listed for ground
ing..

b. The circuit conductors contained in the conduit 3
protected by overcurrent devices rated at 20 amperg
or less.

¢. The combined length of flexible metal conduit an
flexible metallic tubing and liquidtight flexible metg}
conduit in the same ground return path does nf
exceed 1.8 m (6 ft).

d. Where used to connect equipment where flexibility
necessary after installation, an equipment grounditg}
conductor shall be installed.

flexible metallic tubing and liquidtight flexible metal
conduit in the same ground return path does not
exceed 1.8 m (6 ft).

mor of Type AC cable as provided in 320.108,

Ihe copper sheath of mineral-insulated, metal-sheathed

iaccordance with the following:
The combined metallic sheath and grounding con-
ductor of interlocked metal tape—type MC cable

2005 National Electrical Code Hund? 08! Electrical Code Handbook 2005

b. The metallic sheath or the combined metallic sheath
and grounding conductors of the smooth or corru-
gated tube type MC cable

(11) Cable trays as permitted in 392.3(C) and 392.7.

(12) Cablebus framework as permitted in 370.3.

(13) Other listed electrically continuous metal raceways and
listed auxiliary gutters.

(14) Surface metal raceways listed for grounding.

Exhibit 250.46 illustrates the various sizes of rigid metal
conduit that enclose the feeder circuit conductors and are
equipment grounding conductors with or without the instal-
tation of a wire-type equipment grounding conductor in the
conduits.

250.119 Identification of Equipment

Grounding Conductors

Ualess required elscwhere in this Code, equipment ground-
ing conductors shall be permitied to be bare, covered, or
insulated. Individually covered or insulated equipment
grounding conductors shall have a continuous outer finish
that is either green or green with one or more yellow stripes
except as permiited in this section. Conductors with insula-
tion or individual covering that is grecn, green with one or
more yellow stripes, or otherwise identified as permitied by
this section shall not be used for ungrounded or grounded
circuit conductors.

A new condition in this section of the 2005 Code prectudes
re-identification (such as marking tape to the insulation) of
any conductor having green- or green-with-yellow-stripe-
colored insulation or covering for use as an ungrounded or
grounded conductor.

(A) Conductors Larger Than 6 AWG Equipment ground-
ing conductors larger than 6 AWG shall comply with
250.119(A)(1) and (AX2).

(1) An insulated or covered conductor larger than 6 AWG
shall be permitted, at the time of installation, to be
permanently identified as an equipment grounding con-
ductor at cach end and at every point where the conduc-
tor is accessible.

Exception: Conductors larger than 6 AWG shall not be
required to be marked in conduit bodies that contain no
splices or unused hubs.

(2) Identification shall encircle the conductor and shall be
accomplished by one of the following:

a. Stripping the insulation or covering from the entire
exposed length
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Exhibit 250.46 Various sizes

of enclosing metal conduits Rigf:u me:!wuduA its
used as equipment grounding suil ndg r equipment
conductors, as they apply to a w

service and feeder system.
Three 1 AWG, 1% in.
Three 1 AWG, 1% in.

Three 2/0 AWG, 1% in. — A

Biable 250.122 M Size Equi Groundi
Conductors for Grounding Raceway and Equipment

Size (AWG or kcmil)

Rating or Setting of A

N

b. Coloring the exposed insulation or covering green
! c. Marking the exposed insulation or covering with
green tape or green adhesive labels

(B) Multiconductor Cable Where the conditions of main-

tenance and supervision ensure that only qualified persons

service the installation, one or more insulated conductors in

a multiconductor cable, at the time of installation, shall be

permitted to be permanently identificd as equipment ground-
) ing conductors at each end and at every point where the
! conductors are accessible by one of the following means:

(1) Stripping the insulation from the entire exposed length

(2) Coloring the exposed insulation green

(3) Marking the exposed insulation with green tape or green
adhesive labels

{C) Flexible Cord An uninsulated equipment grounding
conductor shall be permitted, but, if individually covered,
the covering shall have a continuous outer finish that is
either green or green with one or more yellow stripes.

250.120 Equipment Grounding
Conductor Installation

aluminum or copper-clad aluminum shall be permitted. Bag
conductors shall not come in direct contact with masonsy
or the earth or where subject to corrosive conditions. Alun
num or copper-clad aluminum conductors shall not be t
nated within 450 mm (18 in.) of the earth.

(C) Equipment Grounding Conductors Smaller Thar
AWG Equipment grounding conductors smaller thanly
AWG shall be protected from physical damage by a racewaj
or cable armor except where run in hollow spaces of wallj
or partitions, where not subject to physical damage, or whegg
protected from physical damage.

250.122 Size of Equipment
Grounding Conductors

(A) General Copper, aluminum, or copper-clad aluminyg

y Oyercurrent Device in Circuit Aluminum or
i|«— Three 6 AWG, 1in. fihead of Equipment, Conduit, Copper-Clad
Thres 3 AWG, 1in, icy Not Exceeding (Amperes) Copper  Aluminum*
i j 7
u_‘ T 15 14 12
“175A 125A 125A P100A" 60A 20 12 10
30 10 3
. ~Feeder distribution
1vpa’ne'lboard>No. 1 40 1o 8
R Al 60 10 8
l "[—2ninmAmc  Jile—2%inAmMc 100 3 6
— - - =
R FTI 200 6 4
o T Wieway Tt 300 4 2
- : 400 3 !
Main feeder S00-kemit C,
3-in, rigid metal conduit (RMC) Z(O)g f Zg
800 110 3/0
1000 20 4/0
1200 30 250
in accordance with the applicable provisions in this Cody 1600 40 350
using fittings for joints and terminations approved for us 2000 250 400
with the type raceway or cable used. All connections, joints 2500 350 600
and fittings shall be made tight using suitable tools. 3000 400 600
(B) Aluminum and Copper-Clad Aluminum Conduc g% ;% lggg
tors Equipment grounding conductors of bare or insulated 6000 800 1200

INoie SWhere necessary to comply with 250.4(A)(S) or (B)(4), the
cquipment grounding conductor shall be sized larger than given in this

azfsentence of 250.122(A) alerts users that. if a long

e eleyists between a power source and utilization equip-
ﬁﬂu—bh of the wiring methods permitted by 250.118 for
sdiiipnient grounding purposes must be evaluated 1o ensure

gﬁ@ can provide an effective path for ground-fault cur-

"u'eased in Size Where ungrounded conductors are
““’“’3}8 n size, equipment grounding conductors, where
maialiéd, shall be increased in size proportionately according

An equipment grounding conductor shall be installed in

accordance with 250,120(A), (B), and (C).

(A) Raceway, Cable Trays, Cable Armor, Cablebus, or
Cable Sheaths Where it consists of a raceway, cable tray,
cable armor, cablebus framework, or cable sheath or where
it is a wire within a raceway or cable, it shall be installed

cquip Bt

or (B)(4).

ding conductors of the wire type shall 02
be smaller than shown in Table 250.122 but shall not/t§
required to be larger than the circuit conductors supplyil}
the equipment. Where a raceway or a cable armor or sheal
is used as the equipment grouading conductor, as provi

in 250.118 and 250.134(A), it shall comply with 250.4(A) 4

LeCircular mil area of the ungrounded conductors.
3

Jment grounding conductors on the load side of the
Sconnecting means and overcurrent devices are
on the size of the feeder or branch-circuit over-
£ ,icg.s ahead of them. Where the ungrounded circuit
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A single equipment grounding conductor must be sized for

conductors are increased in size to compensate for voltage ]
(!I'Op or for any other reasen related to proper cira.lil opera- i
tion. the equipment grounding conductors must be increased
proportionately.

Example

A 240-volt, single-phase. 250-ampere load is supplied from
a 300-ampere breaker located in a panelboard 500 t away.
The conductors are 250-kemil copper, installed in rigid non-
metallic conduit, with a4 AWG copper equipment grounding
conductor. If the conductors are increased to 350 kemil, what
is the minimum size for the equipment grounding conductor
based on the proportional-increase requirement?

Solution

STEP 1. Calculate the size ratio of the new conductors to
the existing conductors:

1z ratio = 250,000 circular mils
Step 2. Calculate the cross-sectional area of the new equip-
ment grounding conductor. According to Chapter 9. Table
8.4 AWG, the size of the existing grounding conductor, has
4 cross-sectional area of 41,740 circular mils.

STEP 3. Determine the size of the new equipment grounding
conductor. Again, referring 10 Chapter 9, Tuble 8, we find
that 58.436 circular mils is larger than 3 AWG. The next
farger size is 66,360 circular mils, which converts to a 2
AWG copper equipment grounding conductor.

(C) Multipte Circnits Where a single equipment ground-
ing conductor is run with multiple circuits in the same race-
way or cable, it shall be sized for the largest overcurrent
device protecting conductors in the raceway or cable.

the largest overcurrent device. It is not required to be sized
for the compusite of all the circuits in the raceway because
it is not anticipated that all circuits will develop faults at
the same time. For example, three 3-phase circuits in the
same raceway. protected by overcurrent devices rated 30,
60, and 100 amperes. would require only one equipment
grounding conductor, sized according to the largest overcur-
rent device (in this case, 100 amperes). Therefore, an 8
AWG copper or 6 AWG aluminum conductor or copper-
clad aluminum conductor is required, according to Table
250.122.

(D) Motor Circuits Where the overcurrent device consists
of an instantaneous trip circuit breaker or a motor short-
circuit protector, as allowed in 430.52, the equipment
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grounding conductor size shall be permitied to be based on
the rating of the motor overload protective device but shall
not be less than the size shown in Table 250.122.

(E) Flexible Cord and Fixture Wire The equipment
grounding conductor in a flexible cord with the largest circuit
conductor 10 AWG or smaller, and the equipment grounding
conductor used with fixture wires of any size in accordance
with 240.5, shall not be smaller than 18 AWG copper and
shall not be smaller than the circuit conductors. The equip-
ment grounding conductor in a flexible cord with a circuit
conductor larger than 10 AWG shall be sized in accordance
with Table 250.122.

(F) Conductors in Parallel Where conductors are run in
parallel in multiple raceways or cables as permitted in 310.4,
the equipment grounding conductors, where used, shall be
run in parallel in each raceway or cable. One of the methods
in 250.122(F)(1) or (F)(2) shall be used to ensure the equip-
ment grounding conductors are protected.

(1) Based on Rating of Overcurrent Protective Device
Each parallel equipment grounding conductor shall be sized
on the basis of the ampere rating of the overcurrent device
protecting the circuit conductors in the raceway or cable in
accordance with Table 250.122.

Where wire-lype equipment grounding conductors are in-
stalled in muhiple raceways or cables used to enclose con-
ductors in parallel. a full-sized equipment grounding
conductor sclected from Table 250.122 based on the size of
the overcurrent device protecting the paralleled circuil is
required in each raceway or cable.

The full-sized equipment grounding conductor is re-
quired to prevent overloading and possible burnout of the
conductor should a ground fault occur along one of the
parallel branches. The installation conditions for paratleled
conductors prescribed in 310.4 result in proportional distri-
bution of the current-time duty among the several paralleled
grounding conductors only for overcurrent conditions down-
stream of the paralleled set of circuit conductors.

Exhibit 250.47 shows a parallel arrangement with two
nonmetallic conduits instatled underground. For clarity. a
one-line diagram with equipment grounding conductors is
shown. A ground fault at the enclosure will cause the equip-
ment grounding conductor in the top conduit to carry more
than its proportionate share of fault current. Note that the
fault is fed by two different conductors of the same phase.
one from the left and one from the right. The shortest and
lowest-impedance path to ground from the fault to the supply
panelboard is through the equipment grounding conductor
in the top conduit. The grounding path from the fault through
the bottom conduit is longer and of higher impedance. There-
fore, the equipment grounding conductor in each raceway
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e n!c) L;ip setting of the ground-fault protection device
Pnolbe set higher than the ampacity of a single ua-
I'_;‘ B edsconductor installed as part of the parallel circuit
it This provision is intended to permit the use
i m}dm’ cable assembly configurations in large-capacity

¢ . :
@]ﬁl Kircuits without having to custom-manufacture the

N

N
i

Pamisl corducion Proicyioli clude an equipment grounding conductor sized
iy PeeCific parallel circuit acrangement.
=] iy = .

® Feeder Taps Equipment grounding conductors run
fiin) f;der taps shall not be smaller than shown in Table

1501122 based on the rating of the overcurrent device ahead
foithe] feeder but shall not be required to be larger than the
fiaplconductors.

Exhibit 250.47 Grounding paths for ground fault at the load
supplied by parallet conductors in two nonmetallic raceways]
illustrating the reason for the requirement of 250.122(F)(1).

T @bragraph, which is new for the 2005 Code, clarifies
[Osize a wire-type equipment grounding conductor for
wp installations covered in 240.21(B). This require-
ifies that it is the rating of the overcurrent device
Witie, or supply side of the feeders that is the basis for
S[eclmmBrom Table 250.122 sather than the rating of the
¢nt or other device at the toad end of the tap conduc-
b Stands to reason because it is the device on the
Lupply] sié of the tap conductors that needs to be opened
k [a¥eround-fauli condition between the point at which
fiheyfacelSupplied and the point at which they terminate. In
accordance with this paragraph and 250.122(A), the equip-
[enderotinding conductor is not required to be larger than
khe¥unbrounded conductors under any circumstance.
[Eoigexample, a 600-kemil copper conductor is tapped
va l'Zzgmpci'e feeder and supplies a fusible switch with
200 ampe~fuses. Where the 400-ampere overcurrent pro-
lectionYis\installed at the point the 600-kemil conductors
Leceiveliheir-supply. the equipment grounding conductor
Table;250,122 is a 3 AWG copper or | AWG aluminum
gnductor’However, in this tap conductor application. it is
i 200lampere device that is on the line side of the 600-
tapiconductors, and the equip grounding conduc-
Lotiomiable 250,122 is based on the §200-ampere device.
Uiislcase, the equipment grounding conductor is required
BEzadn) AWG copper or 250-kcmil aluminum conductor.
Diovision applies only where a wire-type equipment
gidnding conductor is run with the feeder tap conductors.
Oibercqtiipment grounding cenductors permitted in 250.118
Kanlalsolbe used where they meet the requirements for tap

“’d“ctr wiring methods specified in 240.21(B)(1) through
AR (| o

must be capable of carrying a major portion of the faul
current without burning open.

(2) Ground-Fault Protection of Equipment Installed
Where ground-fault protection of equipment is installed)
each paralle]l equipment grounding conductor in a multicon
ductor cable shall be permitted to be sized in accordance
with Table 250.122 on the basis of the trip rating of the
ground-fault protection where the following conditions
met: ]

(1) Conditions of maintenance and supervision ensure thai
only qualified persons will service the installation.
(2) The ground-fault protection equipment is set to trip at
not more than the ampacity of a single ungrounded
conductor of one of the cables in parallel. 3
(3) The ground-fault protection is listed for the purpose of
protecting the equipment grounding conductor. 1

Section 250.122(F)(2) applies to cables that are instalied]
in parallel. Because cable assemblies are manufacturedfit
standard conductor size configurations, the equipmeit
grounding conductor in a cable is properly sized for som
circuit arrangements but not necessarily for all paraliet ciig
cuit arrangements. Where the cable is used in large-capaci
parallel circuits. the equipment grounding conductor in cadl
cable may not be large enough to comply with Table 250.12:
depending on the size of the overcurrent device protecting
the circuit. .
To address this problem, 250.122(F)(2) permits the 8

ing of the equipment grounding conductor within a multicolg
ductor cable to be based on the trip rating of an equipme]
ground-fault protection device. This method of protectiony
permitied only where the instaltation is serviced by qualifi
personnel and the ground-fault device is specifically listg "
for protecting the equipment grounding conductor. The 2 &y !e parable Connections Separable connections such
i Provided in drawout equipment or attachment plugs

280124 Equipment Grounding
gRductor Continuity
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and mating cc and r tes shall provide for
first-make, last-break of the equipment grounding conductor.
First-make. last-break shall not be required where inter-
locked equipment, plugs, receptacles, and connectors pre-
clude energization without grounding continuity.

(B) Switches No automatic cutout or switch shall be placed
in the equipment grounding conductor of a premises wiring
system unless the opening of the cutout or switch disconnects
all sources of energy.

250.126 Identification of Wiring
Device Terminals

The terminal for the connection of the equipment grounding
conductor shall be identified by onc of the following:

(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 identified 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.

FPN: See FPN Figure 250.126.

@

FPN Figure 250.126 One Exampte of a Symbol Used to ldentify
the Grounding Termination Point for an Equipment Grounding
Conductor.

VH. Methods of Equipment Grounding

250.130 Equipment Grounding

Conductor Connections

Equipment grounding conductor connections at the source
of separately derived systems shall be made in accordance
with 250.30(A)(1). Equipment grounding conductor connec-
tions 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 cir-
cuit, 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 clectrode
conducter.




250.132
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i

The grounding arrangement for a grounded system is itlus-
trated in Exhibit 250.48,

et T
g Ll
Fre
corducin H
s || [
s
:--h_EE Equipment
ﬁlu\nﬂlm.\_\_\_ - -lllf!—v~_- grounding
- terminal bar
m = Mainbonding  bondad to e i
juraper enclosure .

Exhibit 250.48 Grounding arrangement for grounded systems,
per 250.130(A), illustrating connection of the equipment ground-
ing conductor (bus) to the enclosures and the grounded service
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
Circuit Extensions The equipment grounding conductor of
a grounding-type receptacle or a branch-circuit extension
shall be permitted 1o be connected to any of the following:

(1) Any accessible point on the grounding electrode system
as described in 250.50

Any accessible point on the grounding electrode con-
ductor

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

For grounded systems, the grounded service conductor
within the service equipment enclosure

For ungrounded systems, the grounding terminal bar
within the service equipment enclosure

V3

(4

[&]

FPN: See 406.3(D) for the use of a ground-fault circuit-
interrupting type of receptacle.

Section  250.130(C) applies to both ungrounded and
groanded systems. It pecmits a nongrounding-type receptacle
to be replaced with a grounding-type receptacle under the
following conditions.

1. The branch circuit does not contain an equipment
ground.

2. An existing branch circuit is being extended for addi-
tional receptacle outlets.
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250.138

{
)
3. An equipment grounding conducior is connecied

tween the receptacie grounding terminal to any access;
ble point on the grounding electrode systent, to an
accessible point on the grounding clectrode conducio 83
to the grounded service conductor within the serviee
equipment enclosure, or to the equipment groundip
terminal bar in the enclosure from which the circuit
supplied.

} [ection  250.134 eliminates any conflict  between
B0.134(A), which requires an equipment grounding con-
fiictor to. be used for equipment grounding, and 250.32.
20,140, and 250.142, which permit the grounded circuit
¥ ductor to be used for equipment grounding if cerain
ed conditions are met.

A)w‘l.-r t Grounding Conductor Types By any of
bme equxpmcm grounding conductors permitted by 250.118.

The requirement in 250.52(A)(1) does not permit this sepa j'
rate equipment grounding conductor to be connected to the} i
metal water piping of a building or structure be\'ond thy
first 5 ft of where the piping enters the building or struc
unless the conditions of the exception to 250. 57(A)(l) can
be met.

Exhibit 250.49 shows a branch-circuil extension madg
from an existing installation. This method is also permit )
to ground a replacement 3-wire receptacle in the existing d fault and the electrical source. This path allows the
ungrounded box on the left, where no grounding conducto Evercurrent prolecnve device to actuaie, interrupting the
is available. ol Bl rent. To keep the impedance at a minimum, it is necessary
3 uh the eqmpmcm grounding conductor in the same race-
By or cabie as the circuit conductor(s). This practice allows

1

.(B) With Circuit C. s By an equig grounding
conductor contained within the same raceway, cable, or oth-
erwise fun with the circuit conductors.

ft.hé functions of an equipment grounding conductor
y provide a low-impedance ground-fault path between a

ji agnetic field developed by the circuit conductor and
h éq\upmem grounding conductor to cancel, reducing their
impedance.

BF Magnetic flux strength is inversely proportional to the
kquare of the distance between the two conductors. By plac-
king an equipment grounding conductor away from the con-
uclor dchvenng the fault current. the magnetic flux
?ln&:ellauon decreases. This increases the impedance of the

Type NM cable without "
/ conductor for existing Installation

E.?.'..‘lﬂ'.'.:'__ 2 fault path and delays operation of the protective device.
oot et
iz .
e .
alam % Exception No. 1: As provided in 250.130(C). the equipment

rounding conductor shall be permitted 10 be run separaiely

Exhibit 250.49 Branch-circuit extension 1o an existing installa;
tion, per 250.130(C), Hllustrating a separate equipment grounding;
canductor connected to the grounding electrode system.

m the circuit conductors.
;.

¢eption No, | to 250.134(B) permits an equipment
unding conductor to be run to the grounding electrode
ely from the other conductors of an ac circuit. This
ctice applies only where a grounding-type receptucle is
ed On a circuit that does not include an equipment ground-

Conduclor See the commentary following 250.130(C)
i f“ﬂher expl:mallon

e

250.132 Short Sections of Raceway
Isolated sections of metal raceway or cable armor, where g
required to be grounded, shall be grounded in accordzmce
with 250.134.

Nt

250.134 Equipment Fastened in Place or
Connected by Permanent Wiring Methods
(Fixed) — Grounding

Unless grounded by connection to the grounded circuit co
ductor as permitted by 250.32, 250.140, and 250. 142:5
non—current-carcying metal parts of cquipment, raceway®
and other enclosures, if grounded, shall be grounded by 02°
of the following methods.

" ]

Excepfwn No. 2: For dc circuits, the equipment grounding
Co'lductor shall be permitted to be run separately from the
circujz canducmr:

P

gN No. 1: See 250.102 and 250.168 for equipment
nding jumper requirements.
FP N NO 2: See 400.7 for use of cords for fixed equip-
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250.136 Equipment Considered Effectively
Grounded

Under the conditions specified in 250.136(A) and (B), the
non—curreni-carrying metal parts of the equipment shall be
considered effectively grounded.

(A) Equipment Secured to Grounded Metal Supports
Electrical equipment secured to and in electrical contact
with a metal rack or structure provided for its support and
grounded by one of the means indicated in 250.134. The
structural metal frame of a bunldmg shall not be used as the
required equip gre g conductor for ac equipment.

Exhibit 250.50 shows an example of electrical equipment
secured to and in electrical contact with a metal rack that
is effectively grounded in accordance with 250.136(A).

All equipment in good electrical contact with meta! rack

4

|_. u‘— Metal raceway Noﬂmelallic L

raceway
Metat rack (typical)
effectively grounded

Exhibit 250.50 An example of el | equipment consi
to be effectively grounded through mechanical connections to a
grounded metal rack.

(B) Metal Car Frames Metal car frames supported by
metal hoisting cables attached to or running over metal
sheaves or drums of elevator machines that are grounded
by one of the methods indicated in 250.134.

250.138 Cord-and-Plug-Conliected Equipment
Non—current-carrying metal parts of cord-and-plug-

connected equipment, if grounded, shall be grounded by one
of the methods in 250.138(A) or (B).

(A) By Means of an Equif t Grounding Conduc-
tor By means of an equipment grounding conductor fun
with the power supply conductors in a cable assembly or
flexible cord properly terminated in a grounding-type attach-
ment plug with one fixed grounding contact.

Exception: The grounding contacting pole of grounding-
type plug-in ground-fault circuit interrupters shall be permit-
ted 1o be of the movable, self-restoring type on circuits
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operating at not over 150 volis between any two conductors
or over 150 volis between any conductor and ground.

(B) By Means of a Separate Flexible Wire or Strap By
means of a separate flexible wire or strap, insulated or bare,
protected as well as practicable against physical damage,
where part of equipment.

250.140 Frames of Ranges and Clothes Dryers

Frames of electric ranges, wall-mounted ovens, counter-
mounted cooking units, clothes dryers, and outlet or junction
boxes that are part of the circuit for these appliances shall
be grounded in the manner specified by 250.134 or 250.138.

Exception: For existing branch circuit installations only
where an equipment grounding conductor is not present in
the outlet or junction box, the frames of electric ranges,
wall-mounted ovens, counter-mounted cooking units, clothes
dryers, and outlet or junction boxes that are part of the
circuit for these appliances shall be permitted 1o be grounded
to the grounded circuit conductor if all the following condi-
tions are met,

(1) The supply circuit is 120/240-volt, single-phase, 3-wire;
or 208Y/120-voli derived from a 3-phase, 4-wire, wye-
connected system.

The grounded conductor is not smaller than 10 AWG

copper or 8 AWG aluminum.

(3) The grounded conductor is insulated, or the grounded
conductor is uninsulated and part of a Type SE service-
entrance cable and the branch circuit originates at the
service equipment.

(4) Grounding contacis of receptacles furnished as part of
the equip are bonded to the equip

2

-

The exception to 250.140 applies only to existing branch
circuits supplying the appliances specified in 250.140. The
grounded conductor (neutral} of newly installed branch cir-
cuits supplying ranges and clothes dryers is no longer permit-
ted to be used for grounding the non—current-carrying metal
parts of the appliances. Branch circuits installed for new
appliance installations are required to provide an equipment
erounding conductor sized in accordance with 250.122 for
grounding the non—current-carrving metal parts,

Caution should be exercised to ensure that new appli-
ances connected to an existing branch circuit are properly
grounded. An older appliance connected to a new branch
circuit must have its 3-wire cord and plug replaced with a
4-conductor cord, with one of those conductors being an
equipment grounding conductor. The bonding jumiper be-
tween the neutral and the frame of the appliance must be
removed. Where a new range or clothes dryer is connected
to an existing branch circuit without an equipment grounding
conductor. in which the seutrat conductor is used for ground-
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ing the appliance frame. it must be ensured that a bondip )
jumper is in place between the neutral terminal of the appl;
ance and the frame of the appliance.

The grounded circuit conductor of an existing bran|
circuit is siill permitted to be used to ground the frame o
an clectric range. wall-mounted oven, or counter-mounted:
cooking unit, provided all four conditions of 250.140, Excép:
tion, are met. In addition, a revision in this provision for:
the 2005 Code permits application of the exception cn.l)i
where the existing branch-circuit wiring method does not
provide an equipment grounding conductor. There are man
existing branch circuits in which nonmetatlic sheath cable;
with three insulated circuit conductors and a bare equipment
grounding conductor was used to supply a range or clothes;
dryer. The bare equipment grounding conductor was simply;
not used because it was permitted to ground the equipment
with the insulated neutral conductor of the NM cable. Thi
“extra” conductor was on account of the fact that the bar
conductor in a Type NM cable is to be used only as an;
equipment grounding conductor and cannot be used as 2
grounded (neutral) conductor in the sume manner as is per;
mitted for an uninsulated conductor in the service entrance;

In addition to grounding the frame of the range or clotheg
dryer. the grounded circuit conductor of these existing brancl
circuits is also permitted to be used to ground any junction
boxes in the circuit supplying the appliance. and a 3-wirg
pigtail and range receptacle are permitied to be used.

Prior 10 the 1996 Code, use of the grounded circuit
conductor as a grounding conductor was permitted for all
installations. In many instances, the wiring method was
service-entrance cable with an uninsulated neutral conductor
covered by the cable jacket. Where Type SE cable was used
to supply ranges and dryers. the branch circuit was required
to originate at the service equipment to avoid neutral current
from downstream panelboards on metad objects, such‘;’,ﬂg
pipes or ducts, %

Exhibit 250.51 shows an existing installation in whichi
Type SE service-entrance cable was used for ranges, dryers,
wall-mounted ovens. and counter-mounted cooking unils,
Junction boxes in the supply circuit were also permitied (0
be grounded from the grounded neutral conducior.

250.142 Use of Grounded Circuit Conductor for {
Grounding Equipment 3
(A) Supply-Side Equipment A grounded circuit conduc:
tor shall be permitted to ground non—current-carrying meta}
parts of equipment, raceways, and other enclosures at anij
of the following locations: 3
(1) On the supply side or within the enclosure of the ¢
service-disconnecting means ﬁ
(2) On the supply side or within the enclosure of the mai
disconnecting means for separate buildings as pmvide“(]
in 250.32(B) 14
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250.144

«— Single-phase,
3-wire s8rvice  Range or

clothes dryer

Junction
box '
Ay

SRS
| W | el
Type SE service-entrance cable with

insulated or uninsulated grounded
neutrat conductor permitted

No Grounding Conductor

Range or
clothes dryar
~j
-
H X pap e
T = NN

Type SE service-entrance cable
with uninsulated grounded
neutral conductor not permitted

Grounding conductor
included or provided

With Grounding Conductor

Exhibit 250.51 An existing instaltation in which the grounded
=Zconductor in Type SE service-entrance cable was used for
==Earounding the frames of ranges and clathes dryers, plus associ-
metal junction boxes, in accordance with 250.140.

3) O the supply side or within the enclosure of the main
disconnecting means or overcurrent devices of a sepa-
rately derived system where permitted by 250.30(A)(1)

<glseparately derived systems. the grounded circuit conduc-
37 lj} permitted to ground non—current-carrying metal parts
2f05equipment, raceways, and other enciosures only on the
e “Pg}y side of the main disconnecting means.

0y

() Load-Side Equipment Except as permitted in
250.30(A)(1) and 250.32(B). a grounded circuit conductor
1ot be used for grounding non—current-carrying metal
: ipans Ofi.Equipmem on the load side of the service discon-
= Becting ‘means or on the load side of a separately detived
£3ystem disconnecting means or the overcurrent devices for

ampa"?‘lcly derived system not having a main disconnecting
eans,

g ~1,"
ExceptionNo, 1: The frames of ranges, wall-mounted ovens,
23 SOunter- mounted cooking units, and clothes dryers under

N
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the conditions permitted for existing installations by 250.140
shall be permitted 1o be grounded by a grounded circuit
conductor.

Exception No. 2: It shall be pennissible to ground meter
enclosures by connection to the grounded circuit conductor
on the load side of the service disconnect where all of the
following conditions apply:

(1) No service ground-fault protection is installed.

(2) All meter socket enclosures are located immediately
adjacent to the service disconnecting means.

(3) The size of the grounded circuit conductor is not smaller
than the size specified in Table 250.122 for equipment
grounding conductors.

Exception No. 3: Direct-current systems shall be permitted
to be grounded on the load side of the disconnecting means
or overcurrent device in accordance with 250.164.

Exception No. 4: Electrode-type boilers operating at over
600 volts shall be grounded as required in 490.72(E)(1) and
490.74.

One major reason the grounded circuit conductor is not
permitted to be grounded on the foad side of the service
fexcept as permitted in 250.30. 250.32(B)(2). and the four
exceptions to 250.142(B)] is that. should the grounded ser-
vice conductor become disconnected at any point on the line
side of the ground. the equipment grounding conductor and
all conductive pans connected to it would carvy the neutral
current, raising the potential to ground of exposed metal
parts not normally intended 1o carry cuirent. This could
result in arcing in conceated spaces and could pose a severe
shock hazard, particularly if the path is inadvertently opened
by a person servicing or repairing piping or ductwork. Even
without an open grounded conductor (usvally referred to us
an open neutral), the equipment grounding conductor path
would become a parallel path with the grounded conductor,
and there would be some potential drop on exposed and
concealed dead metal parts. The magnitude of this potential
difference would be determined by the relative impedances
of the equipment grounding path and the grounded conductor
circuits. Not only would the squipment grounding conductor
path be affected. but all paraile] paths not intended as equip-
ment grounding conductars would be affected as well. This
could involve current through metal building structures. pip-
ing. and ducts. The requirements of 250.30 and 250.32(B)
have been revised in recent editions of the Code to prohibit
the creation of parallel paths for normal neutral current.

250.144 Multiple Circuit Connections

Where equipment is required to be grounded and is supplied
by separate connection to more than one circuit or grounded
premises wiring system, a means for grounding shall be
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250.148

provided for each such connection as specified in 250.134
and 250.138.

250.146 Connecting Receptacle Grounding
Terminal to Box

An cquipment bonding jumper shall be used to connect
the grounding terminal of a grounding-type receptacle to a
grounded box unless grounded as in 250.146(A) through
(D).

(A) Surface Mounted Box Where the box is mounted on
the surface. direct metal-to-metal contact between the device
yoke and the box or a contact yoke or device that complies
with 250.146(B) shall be permitted to ground the receptacle
to the box. At least one of the insulating washers shall be
removed from receptacles that do not have a contact yoke
or device that complies with 250.146(B) to ensure direct
metal-to-metal contact. This provision shall not apply to
cover-mounted receptacles unless the box and cover combi-
nation are listed as providing satisfactory ground continuity
between the box and the receptacle.

The main rule of 250.146 requires an equipment bonding
Jjumper to be installed between the device box and the recep-
tacle grounding terminal. However. 250.146(A) permits the
equipment bonding jumper to be omitied where the metal
yoke of the device is in direct metal-to-metal contact with
the metal device box and at least one of the fiber retention
washers for the receptacle mounting screws is removed, as
itlustrated in Exhibit 250.52.

Cover-mounted wiring devices. such as on 4-in. square
covers. are not considered grounded. Section 250.146(A)

s
does not apply to cover-mounted receptacles, sy
onc itlustrated in Exhibit 250.53. Box-cover and dev;
binations listed as providing grounding continuity =4
mitted. '

A mcaptacie despgnad wilh o kslod spring-lypa
ap. The svap hal holds the modnling scnéw capive
syomncing circuil and efnrnaies tho nood [ provide
sqaiprnint Beading jumper to thir o, i Accondance
B{E] o

Bonding jumper not ;{;
required where direct -3
metal-to-metal contact -
and one screw-retention;;
washer removed 2

Q) Floor Boxes Floor boxes designed for and lis

Exhibit 250.52 An example of a box-mounted receptacle
attached to a surface box where a bonding jumper is not required
provided at least one of the insulating washers is removed.
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g comdecior terminal of the applicable derived sys-

iz of an isolsted equipment grounding condocior
&) redigve the requirerment for prounding e moe-

(B) Contact Devices or Yokes Contact devices or yo)
wiem psd ouller box,

designed and listed as self-grounding shall be permil
in conjunction with the supporting screws to establi
grounding circuit between the device yoke and flus
boxes. .

3.146(D) allows an isolated-ground-type recepla-
talled without a bonding jumper between the
Cezhox and the receptacle grounding terminal.
ipment- grounding conductor. as shown in

155, is installed with the branch-circuit conduc-
geiinductor may originate in the service panel. pass
mber of subpanels without being connected to
grounding bus, and terminate at the isolated-
receptacle ground terminal. However. this does
pe metal device box from being grounded. The
J)ox must be grounded either by an equipment
nductor run with the circuit conductors or by
MR Cthod that serves as an equipment grounding
Zlorgiee 250,118 for types of equipment grounding

Section 250.146(B) is illuswrated by Exhibit 250.5
shows a receplacle designed with a spring-type gronzal
strap for holding the mounting screw and establishing
grounding circuit so that an equipment bonding jun
not required. Such devices are listed as "sell’»grg}ln

providing satisfactory ground continuity between |h
and the device shall be permitted.

(D) Isolated Receptacles Where required for the redudJ§
of electrical noise (electromagnetic interference) 08
grounding circuit, a receptacte in which the grounding
nal is purposely insulated from the receptacle mO“ﬂ'
means shall be permitted. The receptacle grounding =4
shall be grounded by an insulated equipment grous:
conductor run with the circuit conductors, This g
conductor shall be permitted to pass through one of T
panelboards without connection to the panelboard grov™ E
terminal as permitted in 408.40, Exception, so as 10 16

within the same building or structure directly atan eqlLlP

g to 150 46(D). where isolated-ground-type
l:lSed the isolated equipment grounding con-

4t an equipment gre g terminal of
eservxcc or denvcd system in the same building
lacle If the isolated equipment grounding con-
Dinates af a separate building. a large voltage
14y cxist between buildings during fightning tran-
transxems could cause damage to equipment
lsolat:d-gmund—|ype receptacle and present

T
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Isolated equipment -"f
grounding conductor
{insulation required)

Exhibit 250.55 Anisolated-ground-type receptacle with aninsu-
lated equipment grounding conductor and with the device box
grounded through the metal raceway.

a shock hazard between the isolated equipment frame and
other grounded surfaces.

The fine print note to 250.146(D) is a reminder that
metallic raceways and boxes are still required to be grounded
by one of the usual required methods. This could require a
separate grounding conductor. for example, to ground a
metal box in a nonmetallic raceway system or to ground a
metal box supplied by flexible metal conduit. Where an
ordinary grounding-type receptacle is being replaced with an
isolated-ground-type recepiacle, use of an existing insulated
equipment grounding conductor as the isolated receptacle
grounding conductor could effectively defeat or seriously
compromise the required box or raceway equipment ground.

250.148 Continuity and Attachment of

Equipment Grounding Conductors to Boxes

Where circuit conductors are spliced within a box, or termi-
nated on equipment within or supported by a box. any equip-
ment grounding conductor(s) associated with those circuit
conductors shall be spliced or joined within the box or to
the box with devices suitable for the use in accordance with
250.148(A) through (E).

Where a metal box is used in 2 metal raceway system and
there is a wire-type equipment grounding conductor installed
in the raceway. it is not required that the wire-type equipment
grounding conductor be connected to the pull box provided
the box is effectively grounded by the metal raceway and
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the circuit conductors are not spliced or terminated to equip-
ment in the metal box. An example of this provision would
be where conductors are run unbroken through a pull box.

Exception: The equipment grounding conductor permitted
in 250.146(D) shall not be required to be connected to the
other equipment grounding cond, s or to the box.

(A) Connections Connections and splices shall be made
in accordance with 110.14(B) except that insulation shall
not be required. -

"

(B) Gr di 5(1 i y The arr jid Ofe g
connections shall be such that the disconnection or the re-
moval of a receptacle, luminaire (fixture), or other device
fed from the box does mot interfere with or interrupt the
grounding continuity. .

(C) Metal Boxes A connection shall be made between the
one or more equipment grounding conductors and a metal

" box by means of a grounding screw that shall be used for
no other purpose or a listed grounding device.

(D) Nonmetallic Boxes One or more equipment grounding
conductors brought inlo a nonmetallic outlet box shall be
arranged such that a connection can be made to any fitting
or device in that box requiring grounding.

(E) Solder Connections depending solely on solder shall
not be used.

VIII. Direct-Current Systems

250.160 General

Direct-current systems shall comply with Part VIIf and other
sections of Article 250 not specifically intended for ac sys-
tems. ’

250.162 Direct-Current Circuits and Systems to

- Be Grounded
Direct-current circuits and systems shall be grounded as
provided for in 250.162(A) and (B).

(A) Two-Wire, Direct-Current Systems A 2-wire, dc sys-
tem supplying premises wiring and operating at greater than
50 volts but not greater than 300 volts shall be grounded.

Exception No. 1: A system equipped with a ground detector
and supplyving only indusirial equipment in limited areas
shall not be required to be grounded.

Exception No. 2: A rectifier-derived dc system supplied from
an ac system complying with 250.20 shall not be required
t0 be grounded.
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Exception No. 3: Direct-current fire alarm circuits havin{
a maximunt current of 0.030 amperes as specified in Anticl,
760, Part I, shall not be required to be grounded.

. 250.166 Size of Direct-Current Grounding
. Flectrode Conductor

The size of the grounding electrode conductor for a dc system
hall be as specified in 250.166(A) through (E).

(B) Three-Wire, Direct-Current Systems The neutra]
ductor of all 3-wire, dc systems supplying premises wi

A) Not Smaller Than the Neutral Conductor Where the
shall be grounded.

% d system consists of a 3-wire balancer set or a balancer

*winding with overcurrent protection as provided in

4 445.12(D), the grounding electrode conductor shall not be

% cmaller than the neutral conductor and not smaller than 8
WG copper or 6 AWG aluminum.

250.164 Point of Connection for
Direct-Current Systems

(A) Off-Premises Source Dircct-current systems to beJEr:
grounded and supplied from an off-premises source shalljs;
have the grounding connection made at one or more supply}
stations. A grounding ¢onnection shall not be made at indi
vidual sefvices or at any point on the premises wiring. i

o
¥
3

B), Not Smaller Than the Largest Conductor Where the
c system is other than as in 250.166(A). the grounding
lectrode conductor shall not be smaller than the largest
conductor supplied by the system, and not smaller than 8
. : AWG copper or 6 AWG aluminum,

As shown in the 3-wire dc distribution system in Exhj .
250.56. the neutral is grounded at the off-premises generatgg
site. Grounding of a 2-wire dc system would be accom$
plished in the same manner. For an on-premises generatgii
a grounding connection is required and is to be locaied
at the source of the first system disconnecting means (o8
overcurrent device. Other equivalent means that use equipd
ment listed and identified for such use are permiited.

C) Connected to Rod, Pipe, or Plate Electrodes Where
onnécted to rod, pipe, or plate electrodes as in 250.52(A)(S)
250.52(A)(6), that portion of the grounding electrode
& conductor that is the sole connection to the grounding elec-
ode shall not be required to be larger than 6 AWG copper
wire or 4 AWG aluminum wire,

&(D) C d to a Concrete-Ei ed Electrode Where
d to a ¢ -encased electrode as  in

50.55(A)(3), that portion of the grounding electrode con-
uctor that is the sole connection to the grounding electrode

3Wire, 120/240-V d Distribution System hall not be required to be larger than 4 AWG copper wire.

L] 0

e Feeder $(E) Connected to a Ground Ring Where connected to a
- round ring as in 250.52(A)(4), that portion of the grounding
= ] , rz‘:m f.lt‘«Ctroge conductor that is the sole connection to the ground-
Gound 4 \4 s ng clectrode shall not be required to be larger than the

generator — fconductor used for the ground ring.

only = No L
*| ground i .
250168 Direct-Current Bonding Jumper

E‘?{-dc systems, the size of the bonding jumper shall not

o caAr ller than the system grounding electrode conductor
Exhibit 250.56 A 3-wire, 120/240-volt d¢ distribution system Specified in 250,166,

the neutral grounded at the off-premises generator site.

‘250.‘169= Ungrounded Direct-Current Separately

3 Tived Systems .

(B) On-Premises Source Where the dc system sourcc gty : XCept‘as otherwi itted §

located on the premises, a grounding connection shall XS ehiclé-ximume;w::nr:a::‘:s anu:m25(;f:d::rdpcm;ab;:aix;d

made at one of the following: Z deﬁ"ed System supplied frc;m a staird—alonc powel? sourcz

fch as“an engine—generator set) shall have a grounding

\\ﬂth gd(? Lonductor c'onnected to an electrode that complies

o E:Eew:n,m to provide for grounding of metal enclosures,

: [t ofys’ C_ables, and exposed non—current-carrying metal

?c ) cquipment. The grounding electrode conductor con-
52" S{lall be 1o the metal enclosure at any point on the

(1) The source .

(2) The first system disconnection means or overcufl
device

(3) By other means that accomplish equivalent system]
tection and that utilize equipment listed and identfig
for the use
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separately derived system 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 trans-
formers shall be grounded where the primary windings arc
connected to circuits of 300 volts or more to ground and,
where on switchboards, shall be grounded irrespective of
vollage.

Exception: Circuits where the primary windings are con-
nected to circuits of less than 1000 volts with no live parts or
wiring exposed or accessible to other than qualified persons.

250.172 Instrument Transformer Cases

Cases or frames of instrument transformers shall be
grounded where accessible to other than qualified persons.

Exception: Cases 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 Operating at Less Than 1000 Volts
Instruments, meters, and relays operating with windings or
working parts at less than 1000 volts shall be grounded 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 accessible
to other than qualified persons, shall have the cases and
other exposed metal parts grounded.

(B) On Dead-Front Switchboards Instruments, meters,
and relays (whether operated from current and potential
transformers or connected directly in the circuit) on switch-
boards having no live parts on the front of the panels shall
have the cases grounded.

(C) On Live-Front Switchboards Instruments, meters.
and relays (whether operated from current and potential
transformers or connected directly in the circuit) on switch-
boards having exposed live parts on the front of panels shall
not have their cases grounded. Mats of insulating rubber
or other suitable floor insulation shall be provided for the
operator where the voltage to ground exceeds 150.




250.176
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250.190

250.176 Cases of Instruments, Meters, and

Relays — Operating Voltage 1 kV and Over

Where instruments, meters, and relays have cumrent-carrying
parts of 1 kV and over to ground, they shall be isolated by
elevation or protected by suitable barriers, grounded metal,
or insulating covers or guards. Their cases shall not be
grounded.

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

250.178 Instrument Grounding Conductor

The 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 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 supple-
ment and modify the preceding sections.

250.182 Derived Neutral Systems

A system neutral 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
cither single point grounded or multigrounded neutral.

For systems over 1000 volts. the Code pennits solidly
grounded neutral systems that are either single-point
grounded or multigrounded systems. For the 2005 Code,
250.184 was reorganized. and new requirements for the in-
stallation of single-point grounded systems were added. Cir-
cuits supplied from a single-point grounded system are
re§juired 10 have an equipment grounding conductor run with
the circuit conductors, and this conductor is not to be used
as a conductor for continuous line-to-neutral load.

(A) Neutral Conductor

(1) Insulation Level The minimum insulation level for
neutral conductors of solidly grounded systems shall be 600
volts.
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Exception No. 1: Bare copper conductors shall be p"e
10 be used for the neutral of service entrances and the ne ¥
of direct-buried portions of feeders. K ¥
Exception No. 2: Bare conductors shall be perm,’" fioy
the neutral of overhead portions installed outdoors,

P [ransformers supplying conductors to a building or
other structure

N Underground circuits where the neutral is exposed

PG verhead circuits instailed outdoors

o nultigrounded neutral conductor shall be grounded
céh transformer and at other additional locations by
B ection to a madc or existing clectrode.

A, ]ca;t one grounding electrode shall be installed and
Q. ctcd to the multigrounded neutral circuit conduc-
ogevery 400 m (1300 ft).

o %ihe maximum distance between any two adjacent elec-

¥ des shall not be more than 400 m (1300 ft).

9 .a_iixulﬁgrounded shiclded cable system, the shielding
hall,be grounded at each cable joint that is exposed to
personne! contact.

Exception No. 3: The neutral grounded conductor 51 i
permitted 1o be a bare conductor if isolated from p oy
conductors and protected from physical damage. | 4

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

(2) Ampacity The neutral conductor shall be of sufﬁ o
ampacity for the load imposed on the conductor but not &y
than 33% percent of the ampacity of the phase condugiory

Exception: In industrial and commercial premises i
engineering supervision, it shall be permissible to sizefih)
ampacity of the neutral conducior to not less than 20 percer)
of the ampacity of the phase conductor. -y

D5(186 Impedance Grounded Neutral Systems
fimpedance grounded neutral systems in which a grounding
kmpedance, usually a resistor, limits the ground-fault current,
Eitiifbe:permitted where all of the following conditions are
ey

i

(B) Single Point Grounded System Where a single poig
grounded neutral system is used, the following shall appiy

(1) A single point grounded system shall be penn:inod [

be supplied from (a) or (b): .

a. A separately derived system .

b. A multigrounded neutral systera with an equipmeld

grounding conductor connected to the multigrounged

neutral at the source of the single point grounded
system g

(2) A grounding electrode shall be provided for the sysl

KA Cocation The grounding im hal be i
. hall connect o > n g impedance shal inserted
(3) A grounding electrode conductor sl oy Riiclerounding conductor between the grounding electrode

pilivXsuply system and the neutral point of the supply
asformer or generator.

conditions of maintenance and supervision ensure
[aonly quatified persons will service the installation.
20Ground detectors are installed on the system.
[8il:ine-to-neutral loads are not served.

dance grounded neutral systems shall comply with
Rickiokisions of 250.186(A) through (D).

grounding electrode to the system neutral.
(4) A bonding jumper shall connect the equipment grodieg
ing conductor to the grounding electrode conductoL
(5) An equipment bonding conductor shall be provided
cach building, structure, and equipment enclosure. 3§
(6) A neutral shall only be required where phase to nelg
loads are supplied. {
(7) The neutral, where provided, shall be insulated 208
isolated from earth except at one location.
(8) An equipment grounding conductor shall be rut
the phase conductors and shall comply with ().
and (c): i
a. Shall not carry continuous load s
b. May be bare or insulated 8
c. Shall have sufficient ampacity for fault current i

(Bllldentified and Insulated The neutral conductor of an
iaasance grounded neutral system shall be identified, as

fully insulated with the same insulation as the phase
Ruductors,

g S !_em Neutral Connection The system neutral shall

mnected to ground, except through the neutral
Impedance.

Pment  Grounding Cond s Equip
Conductors shal] be permitted to be bare and shall

ally connected to the ground bus and grounding
fonductor,

[Bround;

(C) Multigrounded Neutral Systems Where a fiil
grounded neutral system is used, the following shall 27

(1) The neutral of a solidly grounded neutral syste™® E
e permitted to be grounded at more than onc’P&e T W
ftha

Grounding shall be permitted at one or more f’
?

2
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Grounding of Systems Supplying

or Mobile Equipment

“*Upplying poniable or mobile high-voltage equip-

e‘ thal.l substations instatled on a temporary basis,
Ply with 250,188(A) through (F).

Lnrs ble

following locations:

Eetrical Code Handbook 2005

Portable describes equipment that is casily carried from one
location to another. Mobile describes equipment that is easily
moved on wheels, treads, and so on.

(A) Portable or Mobile Equipment Portable or mobile
high-voltage equipment shall be supplied from a system
having its neutral grounded through an impedance. Where
a delta-connected high-voltage system is used to supply
portable or mobile equipment, a system neutral shall be
derived.

(B) Exposed Non-Current-Carrying Metal Parts Ex-
posed non—current-carrying metal parts of portable or mobile
equipment shall be connected by an equipment grounding
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 ex-
ceed 100 volts,

(D) Ground-Fault Detection and Relaying Ground-fault
detection and relaying shall be provided to automatically
de-encrgize 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 porta-
ble or mobile equipment system neutral impedance is con-
nected 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 clectrodes, such as buried pipe and
fence, and so forth.

(F) Trailing Cable and Couplers High-voltage trailing
cable and couplers for interconnection of portable or mobile
equipment shal] meet the requirements of Part III of Anicle
400 for cables and 490.55 for couplers.

250.190 Grounding of Equip t

All non—current-carrying melal parts of fixed, portable, and
mobile equipment and associated fences, housings, enclo-
sures, and supporting structures shail be grounded.

Exception: Where isolated from g d and I d so as
to prevent any person who can make contact with ground
from contacting such metal parts when the equipment is
energized.

Grounding conductors not an integral part of a cable
assembly shall not be smaller than 6 AWG copper or 4 AWG
aluminum.
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ARTICLE 110
Requirements for Electrical
Installations |

Sunimary of Changes
. 110 1 Revmed paragraph to include enclosures intended
for personnel entry. :

. 110.12: Added FPN refere_ncing ANSI-'approved
_stand ds

. 110 15 Rev1sed p'lragraph to’ clanfy apphcauon of specnal
: 1dent1f1cat10n tfo, the high leg only. ~

SN

. 110 16 Revxsed paragraph to include meter socket
enc]osures

. "110 26(C)(2) Deleted six-ft width limitation so that re-

qunement apphes to all equnpment rated 1200 amperes
- and greater and contdining overcunent devices, switching

1. 'devnces and control devices. .
. Part V 110. 70—110 79: Moved Amcle 3]4 Part IV to

Ax ncle 1 10

oy
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Approval

Examination, Identification, Installation, and
Use of Equipment

Examination

Installation and Use

Voltages

Conductors

Conductor Sizes

Insulation Integrity

Wiring Methods

Interrupting Rating

Circuit Impedance and Other Characteristics
Deteriorating Agents

Mechanical Execution of Work .
(A) Unused Openings

- (B) Subsurface Enclosures

(C) Integrity of Electrical Equipment and
‘ Connections

e 110 13 Mounting and Cooling of Equipment
() Mounting

+ (B} Cooling

110014 Electrical Connections

(A) Terminals

- (B) Splices

- (C) Temperature Limitations

5
ca Y
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o H0.1s High-Leg Marking

110.16 -Flash Protection
110.18 Arcing Parts
110.19 Light and Power from Railway Conductors
110.21 Marking
110.22 Identification of Disconnecting Means
110.23 Current Transformers
II. 600 Volts, Nominal, or Less
110.26 Spaces About Electrical Equipment
(A) Working Space '
(B) Clear Spaces
(C) Entrance to Working Space
(D) Hlumination
(E) Headroom
(F) Dedicated Equipment Space
110.27 Guarding of Live Parts
(A) Live Parts Guarded Against Accidental Contact
(B) Prevent Physical Damage
(C) Warning Signs
II1. Over 600 Volts, Nominal
110.30 General
110.31 Enclosure for Electrical Installations
(A) Fire Resistivity of Electrical Vaults
(B) Indoor Installations
(C) Outdoor Installations
(D) Enclosed Equipment Accessible to Unqualified
Persons
110.32 Work Space About Equipment ~
110.33 Entrance and Access to Work Space
(A) Entrance
(B) Access
110.34 Work Space and Guarding
(A) Working Space
(B) Separation from Low-Voltage Equipment
(C) Locked Rooms or Enclosures
(D) Illumination
(E) Elevation of Unguarded Live Parts
(F) Protection of Service Equipment, Metal-
Enclosed Power Switchgear, and Industrial
Control Assemblies
" 110.36 Circuit Conductors
110.40 Temperature Limitations at Terminations
IV. Tunnel Installations over 600 Volts, Nominal
110.51 General
(A) Covered
(B) Other Articles
(C) Protection Against Physical Damage
110.52 Overcurrent Protection
110.53 Conductors
110.54 Bonding and Equipment Grounding Conductors
(A) Grounded and Bonded
(B) Equipment Grounding Conductors
110.55 Transformers, Switches, and Electrical
Equipment
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Article 110 — Requirements for Electrical installations B 110.7

110.56 Energized Parts
110.57 Ventilation System Controls
110.58 Disconnecting Means
110.59 Enclosures
V. Manholes and Other Electric Enclosures Intended for
Personnel Entry, All Voltages
110.70 General
110.71 Strength
110.72 Cabling Work Space
110.74 Equipment Work Space
110.74 Bending Space for Conductors
110.75 Access to Manholes
(A) Dimensions
{B) Obstructions
(C) Location
(D) Covers
(E) Marking
110.76 Access to Vaults and Tunnels
(A) Location
{B) Locks
110.77 Ventilation
110.78 Guarding
110.79 Fixed ladders

1. General

110.1 Scope

This article covers g 1 requir for the ination
and approval, installation and use, access to and spaces about
electrical conductors and equipment; enclosures intended
for personnel entry; and tunnel installations. -

110.2 Approval

‘The conductors and equipment required or permitted by this
Code shall be acceptable only if approved.
FPN: See 90.7, Examination of Equipment for Safety,
and 110.3, Examination, Identification, Installation, and
Use of Equipment. Sce definitions of Approved, Idenii-
fied, Labeled, and Listed.

All electri¢al equipment is required to be approved as defined
in Article-100 and, as such; to be acceptable to the authority
having jurisdiction (also defined in Article 100). Section
110.3 provides guidance for the evaluation of equipment
_ and recognizes listing or labelmg as a means of establishing
smtabllny
Approval of equip is the respc lity of the elec-
trical inspection authority. and many such appmvals are
based on tests and listings of testing laboratories.

110.3 Examination, Identification, Installation,
and Use of Equipment
(A) E ination In juipment, considerations

such as the following shall be evaluated:
34

(1) Suitability for installation and use in conformity with
the provisions of this Code

FPN: Suitability of equipment use may be identified by
a description marked on or provided with a product to
identify the suitability of the product for a specific pur-
pose, environment, or application. Suitability of equip-
ment may be evidenced by listing or labeling.

(2) Mechanical strength and durability, including, for parts
designed to enclose and protect other equipment, the
adequacy of the protection thus provided

(3) Wire-bending and connection space

(4) Electrical insulation

(5) Heating effects under normal conditions of use and also
under abnormal conditions likely to arise in service

(6) Arcing effects

(7) Classification by type, size, voltage, current capacity,
and specific use

(8) Other factors that contribute to the practical safe-
guarding of persons using or likely to come in contact
with the equipment

For wire-bending and connection space in cabinets and cut-3
out boxes, see 312.6, Table 312.6(A), Table 312.6(B), 312.7, 3
312.9, and 312.11. For wire-bending and connection space
in other equipment, see the appropriate NEC article and ;
section. For example. see 314.16 and 314.28 for outlet,

device, pull, and junction boxes, as well as conduit bodies; § i

404.3 and 404. 18 for switches; 408. 3(F) for switchboards
and panelboards; and 430.10 for motors and motor conlrol-
lers.

- |

“In itself, 110.3 does not require’ listing or labelmg of expressed as 12 AWG. The resulting éxpression would there-.

1 “EBquipment. It does, ho ., require consid evaluation forc appear as six 12 AWG canductors instead of 6 No.. 2
Bt equipment. Section 110.2 requires -that equipment be ac- conductors. e h
B pable only if approved. The term approved is defined in Conductors larger than 4/0 AWG are sized in circular
fiiticle, 100 as acceptable to the authority having jurisdiction mils, begmnmg with 250,000 circular mils. Prior to the 1990
i HJ) Before issuing approval the authomy having juris- edition, a 250,000-circular: m1l conductor was labeled 250
wiiction. may require evidence of complnance with 110.3(A). MCM. The term MCM was defined as. 1000 circular :mils
miost common form of evidence consndered acceptable . (the first M being the: Roman numeral desngnauon for:1000).. .
; uthorities having Junsdlcuon isa llstmg or labelmg by . Beginning in the 1990 edmon, the notauon was changed 10
) thu'd "any E val K 250, kemil; to recogmze the accepted convemlon lhat k md
p S me secuons in lhe Code reqmre llsted or labeled cates 1000.7UL" slandards and IEEE, standards 1

notauon kcmil rather than- MCM s '
.. The “circular: mil .area "of a.conduclor s equal-to-its
dlameter in mils. squared (in/ = -1000 mils). For- example :
the circular mit area of an 8 AWG solid: conductor that. has
1104 Voltages . - 2 0.1285-in. dnameter is ca]culated as follows ;

* E{Throughout this Code, the voltage considered shall be that
at which the circuit operates. The voltage rating of electrical
uipment shall not be less than the nominal voltage ofa
rcuit to which it is connected.

or 16,510 circular mils- otnded off) -
- = Accordmg:lo ‘Table'8-in: Chapter 9; th unded value .
represems the ‘circular 'ml area for-one . conduclur Where d
strinded eonduclors are used, the c1rcular mil areaof each d
. strand hust be‘mulnphed by thie number of su'ands 10 det
mine the circular ll‘ area of the conductor a

110.7 Insulation Integrity

Completed wiring installations shall be free from short cir-
cuits and from grounds other than as required or permitted
10.5 Conductors in Article 250.

(B) Installation and Use Listed or labeled equipment shall
be installed and used in accordance with any instructions
included in the listing or labeling.

Manufacturers uéually supply instaflation instructions withva

equipment for use by general contractors, erectors, electricat
contractors, clectrical inspectors, and others concerned with
an installation. 1t is important to follow the listing or labeling
installation instructions. For example, 210.52, second para-<
graph, permits permanently installed electric baseboard heat- ‘
ers to be equipped with receptacle outlets that meet.the3
requirements for the wall space utilized by such heaters.;
The installation instructions for such permanent.baseboard’
heaters indicate that the heaters should not be mounted be-
neath a receptacle. In dwelling units, it is common to use

low-density heating units that measure in excess of 12 ft in

- length. Therefore. to meet the provisions of 210.52(A) and

also the installation instructions, a receptacle must either be?

Onductors normally used to carry current shall be of copper
niess otherwise provided in this Code. Where the conductor
erial is not specified, the material and the sizes given in
$. Code shall apply to copper conductors. Where other
naterials are used, the size shall be changed accordingly.

T

“FPN: For aluminum and copper-clad aluminum conduc-

fonductor sizes are expressed in American Wire Gage
AWG) or in circular mils.

n tabl
-a]ummum or copper-clad aluminum conductors thhstand ability .to ensure that lhe damage point of an .
¢~ 4/0°AWG,  this Code uses the American Wire insulated conductor is never reached. These tables, entitled
or size identification; which is the same as «Allowable Short-Circuit Currents for Insulated Copper (or

own and* harpe (BS) Gage.- Changed for the 2002 Aluminum) Conductors,” are contained in the Insulated

part of the heating unit or be installed in the floor close 104§

the wall but not above the heating unit. (See 210.52. FPN,:
and Exhibit 210.23 for more specific details.)
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u'e 765 up'to size 4/0 AWG aré now expressed as . Cable Engineers Association’s publication ICEA P- -32- 382 )
XX being the size wire. For example, a wire size See 110.10 for other circuit components. )
as. No.. 12 in_prior editions of the Code is now In ‘an insulation resistance test, a voltage' ranging from
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100 to 5000 (usually 500 10 10K} volts for systems of 600
volts or less), supplied from a source of constam potential,
is applied across the insulmion. A megohmmeter is usually
the potential source. and itindicates the insulation resistance
directly on u scale calibrated in megohms (MU). The quality
of the insutation is evaluated based on the level of the insula-
tion resistance.

The insulation resistance of many types of insulation
varies with temperature. so the field data obtained should
be corrected w the standard temperature for the class of
equipment being tested. The megohm value of insulation
resistance obtained is inversely proportional 1 the volume
of insulation tested. For example. a cable 1000 ft long would
be cxpected 1o have one-tenth the insulation resistance of a
cable 100 ft long. if all other conditions are identical.

The insulation resistance test is relatively easy to per-
form and is useful on all wypes and classes of electrical
equipment. lts main value Jies in the charting of data from
periodic tests, corrected for temperature, over a long period
so that deteriorative trends can be detected,

Manuals on this subject are available from instrument
manufacturers. Thorough knowledge in the use of insulation
testers is essential if the test results are to be meaningful. Ex-
hibit 110.1 shows a typical megohmmeter insulation tester.

Exhibit 110.1 A manual multivoltage, multirange insulation
tester.

110.8 Wiring Methods

Only wiring methods recognized as suitable are included
in this Code. The recognized methods of wiring shall be
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permitted to be installed in any type of building or occu-
pancy, except as otherwise provided in this Code.

The scope of Article 300 upplies generaily 1o all wiring
methods, except as amended. moditied. or supplemented by
other VEC chapters. The application statement is found in
900.3. Code Arrangement.

110.9 Interrupting Rating
Equipment intended to interrupt curreat at fault levels shall
have an interrupting rating sufficient for the nominal circuit
voltage and the current that is available at the line terminals
of the equipment.

Equipment intended to interrupt current at other than
fault levels shall have an interrupting rating at nominal cir-
cuit voltage sufficient for the current that must be interrupted.

The interrupting rating of vvescusrent protective devices is
determined under standard test conditions, h is importam
that the test conditions match the actual installation needs,
Section 110.9 states that all fuses and circuit breakers in-
tended to interrupt the circuit at fault fevels must have an
adequate interrupting rating wherever they are used in the
electricat system. Fuses or cireuit breakers that do not have
adeguate interrupting ratings could rupture while attempting
to clear a short circuit.

Interrupting ratings should not be contused with short-
circuit current ratings, Short-circuit current rtings ure fur-
ther explained in the commentary following FH)L10.

110.10 Circuit Impedance and Other
Characteristics

The overcurrent protective devices, the total impedance, the
component short-circuit current ratings, and other character-
istics of the circuit to be protected shall be selected and
coordinated to permit the circuit-protective devices used to
clear a fault to do so without extensive damage to the electri-
cal components of the circuit. This fault shall be assumed
to be cither between two or more of the circuit conductors
or between any circuit conductor and the grounding conduc-
tor or enclosing metal raceway. Listed products applied in
accordance with their listing shall be considered to meet the
requirements of this section,

In the 1999 Code. the word current was substituted for the
absolete word withsiand. That change correlated the Code
language with the standard marking language used on equip-
ment. Withstand ratings are not marked on equipment. but
short-circuit current ratings are. This marking appears on
many pieces of equipment. such as panelboards. switch-
hoards, busways. contactors, and starters, Additionally. the
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’ (iasl sentence of 110.10 is meant to address concerns of what

exactly conslitutes “extensive damage.” Because, under
product safety requirements, electrical equipment is evalu-
ated for indications of extensive damage. lsted products
;usod within their ratings are considered to have met the
fequirements of 110,10 .

The basic purpase of overcurrent protection is o open
the circuit before conductors or conductor insulation is dam-
ggéd when an overcurrent condition occurs. An overcurrent
condition can be the result of an overload, a ground fault,
or 4 short circuit and must be eliminated before the conductor
inéix,lalion damage point is reached.

Overcurrent protective devices (such as fuses and circuit
akers) should be selected (0 ensure that the short-circuit
iciirfcm rating of the system components is not exceeded
; should a short circuit or high-level ground fauh occur.

H " - System components include  wire, bus  structures,

!;Witching, protection and disconnect devices, and distribu-
; tion equipment, all of which have limited shori-circuit ratings
"and would be damaged or destroyed if those short-circuit

ratings were exceeded. Mevely providing overcurrent protec-
, tive devices with sufficient interrupting rating would ot
. ensure adequate shorn-circuit protection for the system com-
1 ponents. When the avaitable short-circuit current exceeds
! the short-circuit current rating of an electrical component,
: the overcurrent protective device must limit the let-through
“energy to within the rating of that electrical component,

Utility companies usually determine and provide infor-
? mation on available short-circuit current kevels at the service
. equipment. Literature on how to caleulae short-circuit cur-
! rents at each point in any distribution generally can be ob-
ttained by contacting the manufacturers of overcurrent
- protective devices or by referring 10 [EEE 141-1993. IEEE
. Recommended Practice for Electric Power Distribution for
JAndustrial Plams (Red Book).

v For a typical one-family dwelling with a 100-ampere
i service using 2 AWG aluminum supplicd by a 371/2 kVA
“transformer with 1.72 percent impedance tocated at a dis-
. tance of 25 fi. the available short-circuil current would be
"approximately 6000 amperes.

Available short-circuit current to multifamily structures,
_thre pad-mounted transformers are located close 1o the

Multimetering location. cun be refatively high. For example.
| the tine-to-tine fault current values close to a low-impedance

‘:l'-inSf'onner could exceed 22,000 anperes. At the secondary

ofa single-phase. center-tapped transformer. the line-to-neu-

tral fault currens is approximately one and one-half’ times
tha.t of the line-to-line fault current. The short-circuit current
ratng of wilization equipment located and connected near

.t_.he ?CI'Vice equipment should be known. Forexample. HVAC
-'°q‘_"Pmc_m is tested at 3500 amperes through a 40-ampere

load rating and at 5000 amperes for loads rated more than

40 amperes.

7 Adequate short-circuit protection can be provided by
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fuses, molded-case circuit breakers, and low-voltage power
cireuil breakers, depending on specific circuit and instadla-
tion requirements.

110.11 Deteriorating Agents

Unless identified for use in the operating environment, no
conductors or equipment shall be located in damp or wet
locations; where exposed to gases, fumes, vapors, liquids, or
other agents that have a deteriorating effect on the conductors
or equipment; or where exposed to excessive temperatures.

FPN No. 1: See 300.6 for protection against corrosion.
FPN No. 2: Some cleaning and lubricating compounds
can cause severe deterioration of many plastic materials
used for insulating and structural applications in equip-
ment.

Equipment identified only as “dry locations,” “Type
1,” or “indoor use only™ shall be protected against perma-
pent damage from the weather during building construction.

110.12 Mechanical Execution of Work

Electrical equip shall be installed in a neat and work-

manlike manner.

FPN: Accepted industry practices are described in ANSI/
NECA 1-2000, Standard Practices for Good Workman-
ship in Electrical Contracting, and other ANSI-approved
installation standards.

The regulation tn 110,12 calling for “neat and workmandike™
installations has appeared in the VEC as currently worded
for more than a haif-cemury. It stands as a basis for pride
in once’s work and has been emphasized by persons involved
in the training of apprentice electrivians for many

Many Code conflicts or violations have been cited by the
authority having jurisdiction based on the authority’s interpre-
tation of “neat and workmantike manner.” Many clectrical
inspection authorities use their own experience or precedents
in their local areas as the basis for their judgments.

Examples of installations that do not qualify as “neat
and workmantike™ include exposed runs of cables or race-
ways that are improperly supported (e.g.. sagging hetween
supports or use of improper support methods): fietd-bent and
Kinked. flatiened. or poorly measured raceways: or cabinets,
cutout boxes, and enclosures that are not plumb or wot prop-
erly secured.

The FPN, new for the 2003 Code. directs the user to
an industry accepted ANSI standard that clearty describes
and iltustrates “neat and workmantike™ electrical instalia-
tions. See Exhibit 110.2.

(A) Unused Openings Unused cable or raceway openings
in boxes, raceways, auxiliary gutters, cabinets, cutout boxes,
meter socket enclosures, equipment cases, or housings shall
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Americon Notieusel Standard

NECA 1-2000

Standard practices for
Good Workmanship
in Electrical Contracting

Exhibit 110.2 Exhibit 110.2. ANSINECA 1-2000, Standard
Practice for Good Workmanship in Electrical Contracting, one
example of the many ANSI standards that describe “neat and
workmaniike” installations.

be effectively closed to afford protection substantially equiv-
alent to the wall of the equipment. Where metallic plugs or
plates are used with nonmetallic enclosures, they shall be
recessed at least 6 mm (Y4 in.} from the outer surface of the
enclosure.

The phrase wiised cable or raceway openings clarifies that
openings used for normal operation, such as weep holes. are
not required to be closed up.

See H08.7 for requirements on unused openings in
switchboard and panelboard enclosures.

(B) Subsurface Enclosures Conductors shall be racked to
provide ready and safe access in underground and subsurface

enclosures into which persons enter for installation and
maintenance.

(C) Integrity of Electrical Equipment and Connections
Internal parts of clectrical equipment, including busbars,
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wiring terminals, insulators. and other surfaces, shall not be
damaged or contaminated by foreign materials such as paint,
plaster, cleaners, abrasives, or corrosive residues. There shall
be no damaged pants that may adversely affect safe operation
or mechanical strength of the equipment such as parts that
are broken: bent; cut; or deteriorated by corrosion, chemical
action. or overheating.

110.13 Mounting and Cooling of Equipment

(A) Mounting Electrical equipment shall be firmly secured
to the surface on which it is mounted. Wooden plugs drivea
into holes in masonry, concrete, plaster, or similar materials
shall not be used.

(B) Cooling Electrical equipment that depends on the natu-
ral circulation of air and convection principles for cooling
of exposed surfaces shall be installed so that room airflow
over such surfaces is not prevented by walls or by adjacent
installed equipment. For equipment designed for floor
mounting. ciearance between top surfaces and adjacent sur-
faces shall be provided to dissipate rising warm air,
Electrical equipment provided with ventilating openings
shall be installed so that walls or other obstructions do not
prevent the free circulation of air through the equipment.

Ventilazed is defined in Article 100. Panelboards. transtorm-
ers. and other types of equipment are adversely affected i
enclosure surfaces normally exposed 10 room air are covered
or tightly enclosed. Ventilating openings in equipment are
provided to allow the circulation of room air around internal
components of the equipment: the blocking of such openings
can cause dangerous overheating. For exampie. a ventilated
busway must be located where there are no walls or other
objects thar might interfere with the natural circulation of
air and convection principles for cooling. Vemilation for
motor locations is covered in 430. 14t Ay and 430.16. Ventila-
tion for transformer locations is covered in 450.9 and 450.45.
In addition e 110,13, proper placement of equipment requir-
ing ventifation becomes enforceable using the requirements
of 110.3tB).

110.14 Electrical Connections

Because of different characteristics of dissimilar metals, de-
vices such as pressure terminal or pressure splicing connec-
tors and soldering lugs shall be identified for the material
of the conductor and shall be properly installed and used.
Conductors of dissimilar metals shalf not be intermixed in a
terminal or splicing connector where physical contact occurs
between dissimilar conductors (such as copper and alumi-
num. copper and copper-clad aluminum, or aluminum and
copper-clad aluminum), unless the device is identified for
the purpose and conditions of use. Materials such as solder.
fluxes, inhibitors, and compounds, where employed, shall
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be suitable for the use and shall be of a type that \fvill not
adversely affect the conductors, installation, oF equipment.

FPN: Many terminations and equipment are marked with
a tightening torque.

Section 110.3(B) upplies where terminations and equipment
are marked with tightening torques. )

For the testing of wire connectors for WhICh. the fmanu-
facturer has not assigned another value L\ppl‘()pl’lflle for the
design. Commentasy Tables 1.2 lhrt)l'lgh L5 provnde. data m.)
the tightening torques that Underwriters L:nhomlffncs‘ uses.
These tables should be used for guidance only'n no.ughl—
ening information on a specitic wire connector is :nvm{ub»le.
They shouid not be used to replace the manufacturer s 10-
structions, which should atways be fotlowed.

“The information in the tables was taken from uL 4?%6}%.
Wire Connections for Use with Aluminum Conductors. SIAITII—
tar information can be found in UL 486A, Wire Connections
and Solder Lugs for Use with Copper Conductors.

{A) Terminals Connection of conductors l.o terminal p:fns
shall ensure a thoroughly good connection without damaging
the conductors and shail be made by means of pressure
connectors (including set-screw type), solder lugs,.or splices
to flexible leads. Connection by means of wire-binding §crews
or studs and nuts that have upturned lugs or the equivalent
shall be permitted for 10 AWG or smaller conductors.

Terminals for more than one conductor and terminals
used to connect aluminum shall be so identified.

(B) Splices Conductors shall be spliced or . joined v.vith
splicing devices identified for the use or by brazing, welding,

Commentary Table 1.2 Tightening Torques for Screws,” in Pound-inches

Siotted Head No. 10 and Larger

Hexagonal Head-External Drive Socket
Wrench

Slot Width to ¥ in. or Slot
Length to s in.t

Wire Size
(AWG or kemif)

Slot Width Over % in. or Siot
Length Over Y in.t

Split-Bolt Connectors Other Conneclors

80 75
. 20 35 75
e 25 &0 o 10
8 5 165
6 . 35 45 165 110
4 35 50 275 150
3 35 50 275 150
> 40 2 275 150
! _ 50 385 :gg
I - 50 pood 250
2/0 50 500
3/0 - 50 500 250
4/0 s . 650 325
250 - 50 650 325
300 - 50 850 325
350 - 50 825 325
400 - 50 825 375
500 w0 1000 375
600 - =0 1000 375
700 - 0 1000 375
750 - 50 1100 500
800 50 1100 500
900 -
B 50 1100 ggg
1000 - 1100
1250 - - 1106 600
1500 - - 1100 600
1750 - _ 1100 600
2000 -

“Clamping screws with multiple tightening means. For example, for a sk

otted hexagonal head screw. use the lorque

value associated with the tool used in the insteflation. UL uses both values when testing. e associated with conduclor Size.
1For values of slol width of length other than those specified, select the largest torque vaiu
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Commentary Table 1.3 Torques in Pound-inches tor Slotted
Head Screws” Smatler Than No. 10, for Use with 8 AWG and
Smaller Conductors

Screw-Slot Length Screw-Slot Width Screw-Siot Width

(in)t Less Than Js in. Y in. and Larger
To %2 7 9
Y 7 12
Yis 7 12
2 7 12
Ya 9 12
Y2 -— 15
Above %2 - 20

“Clamping screws with multiple tightening means. For examgple, for a
siotted hexagonal head screw, use (he torgue value associated with the
taol used in the instalfation. UL uses both values when testing.

§For slot lengihs of intermediate values, select Iarques pertaining to
next-shorter slot length.

Commentary Table 1.4 Torques for Recessed
Allen Head Screws

Socket Size Across Flats (in.) Torque ({b-in.)

Y 45
Yo 100
£ 120
T2 150
Ya 200
e 275
£ 375
¥e 500
Yie 600

Commentary Table 1.5 Lug-Bolting Torques for Connection of
Wire Connectors to Bushars

Bolt Diameter Tightening Torgue (Ib-ft)

No. 8 or smafler 1.5
No. 10 2
Ya in, or less 3
86 i, 1
Yin. 19
s in. 30
%in. 40
%6 in. or larger 55

or soldering with a fusible metal or alloy. Soldered splices
shall first be spliced or joined so as to be mechanically and
electrically secure without solder and then be soldered. Al
splices and joints and the free ends of conductors shall be
covered with an insulation equivalent to that of the conduc-
tors or with an insulating device identified for the purpose.
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Wire connectors or splicing means installed on conduc-
tors for direct burial shall be listed for such use.

Field observations and trade magazine articles indicate that
electrical connection failusres have been determined to be
the cause of many equipment burnouts und fires. Many of
these faitures are attributable to improper terminations. poor
workmanship. the differing characteristics of dissimilar met-
als, and improper binding screws or splicing devices.

UL's requiremens for listing solid aluminum conductors
in 12 AWG and 10 AWG and for listing snap switches and
receptacles for use on 15- and 20-ampere branch circuits
incorporate stringent tests that take into account the factors
listed inn the preceding. paragraph. For turther information
regarding receptacies and switches using CO/ALR-rated ter-
minals, refer o 404.14(C) and 406.2(C).

Screwless pressure terminal connectors of the conductor
push-in type are for use with solid copper and copper-clad
alwminum conductors only.

Instructions that describe proper installation techniques
and emphasize the need to follow those techniques and prac-
tice good workminship are required to be included- with
each coil of 12 AWG and 10 AWG insulated alwminum wire
or cable. Sev also the commentary on tightening torgue that
foliows 110,14, FPN.

New product and material designs that provide increased
levels of safety of aluminun wire terminations have heen de-
veloped by the electrical industry. To assist all concerned par-
ties in the proper and safe use of solid aluminum wire in
making connections to wiring devices used on 13- and 20-
ampere branch circuits, the f(‘”“wlné. information is pre-
sented. Understanding and using this information is essential
for proper application of materials and devices now available.

For New Installations

The following commentary is based on u report prepared
by the Ad Hoe Committee on Afuminum Terminations prior
to publication of the 1975 Code. This information is still
pestinent today and s
HO.14(A) when aluminum wire is used in new insallations,

New Materials and Devices. For direct connection, only
i5- and 20-ampere receptacles and switches marked ~CO/
ALR™ and connected as follows under Instailation Method
should be used.

e “CO/ALR™ marking is on the device mounting
voke or strap. The “CO/ALR™ marking means the devices
have been tested to stringent heat-cycling requireiments o
determine their suitability for use with UL-Tabeled alumi-
aum, copper, or copper-ciad aluminum wire.

Listed solid aluminum wire. 12 AWG or 10 AWG.
marked with the aluminum insulated wire label should be
used. The installation instructions that are packaged with
the wire should be used.
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installation Method. Exhibit 110.3 illustrates the following

correct method of connection:

1. The freshly stripped end of the wire is wrapped two-
thirds to three-guarters of the distance around the wire-
binding screw post. as shown in Step A of Exhibit 110.3.
The loop is made so that rotation of the screw during
tightening will 1end to wrap the wire around the post
rather than unwrap it

2. The screw is tightened until the wire is snugly in contact
with the underside of the screw head and with the contact
plate on the wiring device. as shown in Step B of Exhibit
THL3.

3. The screw is lightened an additional halt-wmn. thereby
providing a firm conneetion, as shown in Siep C of
hibit 110.3. If a torque screwdriver is used, the screw is
tightened 1o 12 Ib-in.

h «:— Wire wrapped two-thirds around

‘e— Wire wrapped three-quarters around

Step A: Strip Insulation and Wrap Wire
Snug contact
Contact plate on Mﬁng \ Screw post
devica marked “CO/Al
Step B: Tighten Screw to Full Contact

Screw tightened an additional half-turn, or to 12 Ib-in.

«——— Wire firmly in contact

Step C: Complete Installation

1 Incorrect Tightening Torgue

Exhibit 110.3 Correct method of terminating aluminum wire at
wire-binding screw terminals of receptacles and snap switches.
(Redrawn courtesy of Underwriters Laboratonies Inc.)

The wires should be positioned behind the wiring device
to decrease the likelihoud of the terminal screws loosen-
ing when the device is positioned into the outlet box.

Exhibit 110.4 illustrates incorrect methods of connec-
tion. These methods should not be used.

Existing Inventory. Labeled 12 AWG or 10 AWG solid
aluminum wire that does aot bear the new aluminum wire
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, Exhibit 110.4 Incorrect methods of terminating aluminum wire

at wire-binding screw terminals of receptacles and snap switches.
{Redrawn courtesy of Underwriters Laboratories Inc.)

label should be used with wirtng devices marked “CO/ALR™
and connected as deseribed under Installation Method. This
is the preferred and recommended method for using such
wire.

Far the following types of devices, the terminals shouid
not be directly connected 1o aluminum conductors but may
be used with labeled copper or copper-clad conductors:

1. Receptacles and snap switches marked “AL-CU™

2. Recepacles and snap switches having no conductor
marking

3. Receptacles and smap swilches that have back-wired
terminals or screwless terminals of the push-in type

For Existing Installations

If examination discloses overheating or loose connections,
the recommendations described under Existing Inventory
should be followed.

Twist-On Wire Connectors
Because 110.14B) requires conduciors 1o be spliced with
~splicing devices identified for the use.” wire connectors
are required to be marked for conductor suitability. Twist
on wire connectors are not suitable for splicing aluminum
conductors or copper-clad aluminum to copper conductors
unless it is so stated and marked as such on the shipping
carton. The marking is typically “AL-CU (dry locations).”
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Presently. one style of wire nut and one style of crimp-type
cannector have heen fisted as having met these requirements,

On February 2. 1995, Underwriters Laboratories an-
nounced the listing of a wist-on wire connector suitable
Tor use with aluminum-to-copper conductors, in accordance
with UL 486C. Splicing Wire Comnectors. That was the first
listing of a 1wist-on type connector for aluminum-to-copper
conductors since 1987, The UL listing does nor cover atumi-
num-to-aluminum combinations. However. more than one
aluminum or copper conductor is allowed when used in
combination.

These tisted wire-connecting devices are avaitable tor
pigtailing short lengihs of copper conductors to the original
aluminum branch-circuit conductors. as shown in Exhibit
OS5, Primarily, these pigtailed conductors supply 13- and
20-ampere wiring devices. Pigtailing is permitted. provided
there is suitable space within the enclosure.

Insulating shrink Crimp splicing
sleeving device
Copper
— Twist-on wire
connsctor

Exhibit 110.5 Pigtailing copper to aluminum conductors using
two listed devices.

(C) Temperature Limitations The temperature rating as-
sociated with the ampacity of a conductor shall be selected
and coordinated 50 as not to exceed the lowest (emperature
rating of any connected termination. conductor. or device.
Conductors with temperature ratings higher than specified
for terminations shall be permitted to be used for ampacity
adjustment, correction, or both.

(1) Equipment Provisions The determination of termina-
tion provisions of equipment shall be based on
110.14(C)(1)(a) or (C)(1)(). Unless the equipment is listed
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and marked otherwise, conductor ampacities used in de-
termining equipment termination provisions shall be based
on Table 310.16 as appropriately modified by 310.15(BX6).

(a) Termination provisions of equipment for circuits
rated 100 amperes or less. or marked for 14 AWG through 1
AWG conductors, shall be used only for one of the following:

(1) Conductors rated 60°C (140°F).

(2) Conductors with higher temperature ratings, provided
the ampucity of such conduciors is determined based
on the 60°C (140°F) ampacity of the conductor size
used.

(3) Conductors with higher temperature ratings if the equip-

ment is listed and identified for use with such conduc-

tors.

For motors marked with design letters B, C, or D. con-

ductors having an insulation rating of 75°C (167°F)

or higher shall be permitted to be used, provided the
ampacity of such conductors does not exceed the 75°C

(167°F) ampacity.

“

=

(b) Termination provisions of equipment for circuits
rated over 100 amperes, or marked for conductors larger
than 1 AWG, shall be used only for one of the following:

(1) Conductors rated 75°C (167°F)

(2) Conductors with higher temperature ratings, provided
the ampacity of such conductors does not exceed the
75°C (167°F) ampacity of the conductor size used. or
up to their ampacity if the equipment is listed and identi-
fied for use with such conductors

(2) Separate Connector Provisions Separately installed
pressure connectors shall be used with conductors at the
ampacities not exceeding the ampacity at the listed and
identified temperature rating of the connector.

FPN: With respect to 110.14(C) 1) and (C)(2). equip-
ment m:\rkmgs or listing information may dddmonally
restrict the sizing and ratings of
conductors.

Section 110.14Cx 1) states that where conductors are terni-
nated in equipment. the selected conductor ampacities nust
be based on Table 310.16. unless the equipment is specifi-
cully listed and marked otherwise. The intent of this reguire-
ment is to clarily which ampacities are used to determine
the proper conductor size at equipment terminations.
When equipment of 600 volis or less is evaluated rela-
tive to the appropriate temperature ¢ teristics of the
terminations, conductors sized according to Table 31016 are
required to be used. The UL General Information Direcrory
(White Book. page 3) clearly indicates that the 60°C and
75°C provisions for equipment have been determined using
conductors from Table 310.16. However. installers or design-
ers unaware of the UL guide card information might attempt
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to select conductors based on & tible olther than Table 310,16,
especially if a wiring method that allows the use of ampavi-
ties such as those in Table 310.17 is used. That use can
result in overheated terminations at the equipment. Clearly,
the ampacities shown in other tables tsuch as Table 310.17)
could be used for various conditions to which the wiring
method is subject (ambient. ampacity correction. etc.). but
the conduclor size at the termination must be based on am-
pacitics from Table 310.16. This chunge does not introduce
any new impact on the cquipment or the wiring methods:
it simply adds a rule from the listing information into the
Code because it is an installation and equipment selection
issue,

Scetion PHOIHCH D)) requires that conductor termi-
nations. as well as conductors, be rated for the operating
temperature of the circuit. For example. the foad on an 8
AWG THHN. 90°C copper wire is limited to ) amperes
where connected to a disconnect switch with terminals rated
at 60°C. The same 8§ AWG THHN, 90°C wire is limited to
50 amperes where connected to a fusible switch with termi-
nais rated at 75°C. The conductor ampucities were selected
from Tuble 310.16. Not onty docs this requirement apply 10
conductor terminations of breakers and fusible switches.
but the equipment enclosure must also permit terminations
above 60°C. Exhibit 110.6 shows an example of termination
temperature maskings.

YYPE 00 2 POLE]

SQUARE D 75°C Wik
AL/CU 2-8
TORQUE 45 LB-IN
LISTED
cmcurr QR -

BREAKER

“MJ- 4629

Exhibit 110.6 An example of termination temperature markings
0n a main circuit breaker. (Courtesy of Square D Co.}
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110.15 High-Leg Marking

On a 4-wire, delta-connected system where the midpoint of
one phase winding is grounded, only the conductor or busbar
having the higher phase voltage to ground shall be durably
and permanently marked by an outer finish that is orange
in color or by other effective means. Such identification shall
be placed at each point on the system where a connection is
made if the grounded conductor is also present.

The high leg is commun on a 240/120-volt 3-phase, 4-wire
delta system. 1t is typically designated as B phase.” The
high-leg marking. which is required 1o be the color orange
or other similar effective means, is intended to prevent prob-
lems due o the Juck of complete standardization where
metered and nonmetered equipment are installed in the same
installation. Electricians should always test each phase rela-
tive to ground with suitable equipment to determine exactly
where the high leg is focated in the system. The sequircment
in 110,15 previously appeared in 384-3(e) of the 1999 NEC.
It was moved to Anicle 110 in 2002, when the application
became a more generad requirement. For the 2005 Code,
110.15 was editorially modified for clarity.

110.16 Flash Protection

Switchboards, panelboards, industrial control panels, meter
socket enclosures, and motor contro] centers that are in
other than dwelling occupancies and are likely to require
examination, adjustment, servicing, or maintenance while
energized shall be field marked to warn qualified persons
of potential electric arc flash hazards. The marking shall be
located so as to be clearly visible to qualified persons before
examination, adjustment. servicing, or maintenance of the
equipment.

This requirement was added in the 2002 Code. Field marking
that warns electrical workers of potential etectrical arc flash
hazards is now required because significant numbers of elec-
tricians have been seriously burned or Killed by accidental
electrical arc flash while working on “hot” (energized)
equipment. Most of 1hose accidents could have been pre-
vented or their severity significantly reduced if electricians
had been wearing the proper type of protective clothing.
Requiring switchboards. panelhoards, and motor control cen-
ters to be individually fiekd marked with proper warning
labels will raise the level of awareness of electrical arc flash
hazards and thereby decrease the number of accidents.
Exhibit 110.7 shows an electrical emplovee working
inside the flash protection boundary and in front of & large-
capucity service-1vpe switchboard that has not been de-ener-
gized and that is no1 under the lockout/tagout procedure.
The warker is wearing persanal protective equipment (PPE)
considered appropriate tlash protection clothing for the flash
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Exhibit 110.7 Electrical worker clothed in personal protective
equipment (PPE) appropriate for the hazard involved.

hazard involved. Suitable PPE appropriate to a particular
hazard is described in NFPA J0E. Standard for Electrical
Safery in the Workplace.

Exhibit 110.8 displays one example of @ warning sign
required by 110.16.

OVUVT N ey
I II'I'ITI,IIFI | E‘HE \ F
Potential Arc Flash Hazard

Appropriate PPE and Tools Required
when working on this equipment

Exhibit 110.8 One example of an arc flash warning sign required
by 110.16.

Accident reports continue to confirm the fact that work-
ers responsible for the installation or maintenance of electri-
cal equipment often do not turn off the power source before
working on the equipment. Working electrical equipment
energized is a major safety concern in the electrical industry.
The real purpose of this additional code requirement is to
alert electrical contractors, electricians, facility owners and
managers. and other interested partics o some of the hazards
of working on or near energized equipment and to eniphasize
the importance of twming off the power hefore working on

electrical circuits.

The information in fine print notes is not mandatory.
Employers can be assured that they are providing a s fe
warkplace for their employees il safety-related work prac-
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tives required by NFPA 70E have heen implemented and
are being folfowed. (See also the commentary following the
definition of qualified person in Anicle H00.)

In addition to the standards referenced in the fine print
notes and their individual bibliographies, addiionad informa-
tion on this subject can be found in the 1997 repont ~Huzards
of Working Electrical Equipment Hot.” published by the
National Electrical Manufacturers Association.

FPN No. 1: NFPA T0E-2004. Standani for Electrical
Sufety in the Workplace, provides assistance in determin-
ing severity of potential exposure, planning safe work
practices, and selecting p | protective equif

FPN No. 2: ANSI Z535.4-1998. Product Sufety Signs
and Labels, provides guidelines for the design of safety
signs and labels for application to products.

110.18 Arcing Parts

Parts of electric cquipment that in ordinary operation pro-
duce arcs. sparks, flames, or molten metal shall be enclosed
or separated and isolated from all combustible material.

Examples of electrical equipment that may produce sparks
during ordinary operation include open motors having a
centrifugal starting switch. open mators with commutators,
and collector rings. Adequate separation from combustible
materiad is essential if open motors with those features are
used.

FPN: For hazardous (classified) locations, see Articles
500 through 517. For motors, see 430.14.

110.19 Light and Power from Railway
Conductors

Circuits for lighting and power shall not be connected o
any system that contains wrolley wires with a ground return.

Exception: Such circuit connections shall be permitted in
car houses, power houses, or passenger and freight stations
operated in connection with electric railways.

110.21 Marking

The manufacturer’s name, trademark, or other descriptive
markiog by which the organization responsible for the prod-
uct can be identified shall be placed on all electric equipment.
Other markings that indicate voltage. current, wattage, or
other ratings shall be provided: as specified elsewhere in
this Code. The marking shall be of sufficient durability 10
withstand the environment invelved.

The Code requires that equipment ratings be marked on the
equipment and that such markings be located so as o be
visible or easily accessible during or after installation.
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110.22 Identification of Disconnecting Means

Each disconnecting means shall be legibly marked to indi-
cate its purpose unless located and arranged so the purpose
is evident. The marking shall be of sufficient durability to
withstand the environment involved.

Where circuit breakers or fuses are applied in compli-
ance with the series combination ratings marked on the
equipment by the facturer, the equip enclosure(s)
shall be legibly marked in the field to indicate the equipment
has been applied with a series combination rating. The mark-
ing shall be readily visible and state the following:

CAUTION — SERIES COMBINATION SYSTEM

RATED —__ AMPERES. IDENTIFIED
REPLACEMENT COMPONENTS REQUIRED.

FPN: See 240.86(B) for interrupting rating marking for
end-use equipment.

Proper identification needs to be specific. For example, the
marking should indicate not simply “motor’™ but ruther
“motor, water pump”: not simply “lights™ but rather
“lights. front fobby.™ Consideration also should be given 1o
the form of identification. Marking often fades or is covered
by paint after installation. See 408.4 and its associated com-
mentary for further mformation on circuit directories for
switchboards and panelboards. See H08.4 and ils associated
commentary for further information on circuit directories
for switchboards and panelboards. -

The second paragraph of 110.22 requires series-rated
overcurrent devices to be legibly marked. The equipment
manufacturer can mark the equipment o be used with series
combination ratings. If the equipment is installed in the field
at its marked serics combination rating. the equipment must
have an additional label. as specified in 10.22. 1o indicate
that the series combination rating has been used.

110.23 Current Transformers

Unused current transformers associated with potentially en-
ergized circuits shall be short-circuited.

Because Article 450 specifically exempts current transform-
ers, the practical solution to prevent damage to current trans-
formers not connected 10 a load or for unused current
transformers has been placed in 110.23.

II. 600 Volts, Nominal, or Less

110.26 Spaces About Electrical Equipment

Sufficient access and working space shall be provided and
maintained about all electric equipment to permit ready and
safe operation and maintenance of such equipment. Enclo-

" sures housing electrical apparatus that are controlled by a

lock(s) shall be considered accessible to qualified persons.

National Efecirical Code Handbook 2005

Key to understanding 110.26 is the division of requirements
fur spuces about electrical equipment in two separate and
distinet categories: working space and dedicated equipment
space. The term waorking space generally applics to the pro-
tection of the worker. and dedicaied equipmeni space applies
1o the space reserved for future access to electrical equipment
and to protection of the equipment from intrusion by non-
electrical equipment. The performance requirements for all
spuces about electrical equipment are set forth in the first
sentence. Storage of materials that blocks aceess or prevents
safe work practices must be avoided a all times.

(A) Working Space Working space for equipment op-
erating at 600 volts, nominal, or less to ground and likely to
require examination, adjustment, servicing, or maintenance
while energized shall comply with the dimensions of
110.26(A)(1). (A)(2), and (A)(3) or as required or permitted
elsewhere in this Code.

The intent of 1H.26(A) is to provide epough space for
personnel to perform any of the operations listed without
Jeopardizing worker safety. These operations include exami-
nation, adjustment, servicing. and maintenance of equip-
ment. Examples of such equipment include panelboards.
switches, circuit breakers, controllers, and controls on heat-
ing and air-conditioning equipment. 1t is important to unider-
siund that the word examination. as used in 110.26(A),
includes such tasks as checking for the presence of voltage
using a portable volimeter.

Minimum working clearances are not required if the
equipment is such that it is not likely to require examination.
adjustment. servicing. or maintenance while energized.
However, “sufficient™ access and working space are still
required by the opening paragraph of 110.26.

(1) Depth of Working Space The depth of the working
space in the direction of live parts shall not be less than that
specitied in Table 110.26(A)(1) unless the requirements of
110.26(A)(F)(a). (AX1)(b). or (A)(1)c) are met. Distances
shall be measured from the exposed live parts or from the
enclosure or opening if the live parts are enclosed.

For the 2005 Code. some of the text associated with Condi-
tions | and 2 was edited for clarity and enforceabitity. Also,
the Condition 2 metric clearance for 151 to 600 volts was
revised from § om to .1 m o reflect an accurate metric
conversion.

Included in these clearance requiremenis is the step-
buck distance from the face of the equipment. Table
HO260A) ) provides requirements for clearances away
from the equipment. based on the circuit voliage to ground
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Table 110.26(A)(1) Working Spaces

Minimum Clear Distance

Nominat Voitage

to Ground Condition 1  Condition 2  Cendition 3
0-150 900 mm (3 ft) 900 mm (3 ft) 900 mm (3 ft)
151-600 900 mm (3 ft) L1m@B%fy 12m@4fo)

Note: Where the conditions are as follows:
Coundition 1 — Exposed live parts on one side of the working space
and no live or grounded parts on the other side of the working space,
or exposcd live parts on both sides of the working space that are

ively guarded by i ing materials,
Cnndmon 2 — Exposed live parts on one side of the working space
and grounded parts on the other side of the working space. Concrete,
brick, or tile walls shal) be considered as grounded.
Candition 3 — Exposed live parts on both sides of the working space.

and whether there are grounded or ungrounded objects in
the step-back space or exposed live parts across from each
other. The voltages to ground consist of two groups: G to 150,
inclusive, and 151 to 600, inclusive. Examples of common
electrical supply systems covered in the O to 150 velts to
grotind group include 120/240-volt, single-phase, 3-wire and
208Y/120-volt, 3-phase, 4-wire. Examples of common elec-
trical supply systems covered in the 151 to 600 volts to
ground group include 240-volt, 3-phase. 3-wire; 480Y/277-
volt. 3-phase, 4-wire; and 480-volt, 3-phase, 3-wire (un-
grounded and corner grounded). Remember, where an un-
grounded sysiém is utilized,’ the voltage to ground (by
definition) is the greatest voltage between the given; conduc-
tor and any other conductor of the circuit, For example, the
voltage to ground for a 480-volt ungrounded delta sysiem
is 480 volts. See Exhibit~110.9 for the general working
clearance requnrements for each of the three condmons llsled
in Table, 110, .26(AX(D). - :

(a) Dead-Front Assemblies. Working space shall not be
required in the back or sides of assemblics, such as dead-front
switchboards or motor control centers, where all connections

. and all renewable or adjustable parts, such as fuses or
switches, are accessible from locations other than the back
or sides. Where rear access is required to work on nonelectri-
cal parts on the back of enclosed equipment, a minimum
horizontal working space of 762 mm (30 in.) shall be pro-
vided.

The intent of this seclien is to point oui that work space is
required only from the side(s) of the enclosure that requires
access. The general rule still applies: Equipment that requires
front. rear, or side access for electrical activities described
in 110.26(A) must meet the requirements of Table
110.26(A)(1). In many cases, equipment of “‘dead-front™
assemblies requires only front access. For equipment that

Efocively nsulated

BATERATER AL NN
. ° Condmonl
o ! (Sftmln br 151-600V) ,

Grounded parts, concrets, etc.

Lo Conditio ’ -
(Space Would Increase |o 4 n for 151 600 V) i

Exhibit 110.9 Distances measured from the live parts if the live f
parts are exposed or from the enc! front if the live parts are *
enclosed. If any assemblies, such as switchboards or motor-

control centers, are accessible trom the back and expose live
parts, the working clearance dimensions would be required at :
the rear of the equipment, as ilustrated. Note that for Condmon

3, where there is an enclosure on opposite sides of the worklng t
space, the clearance for only one yvor}dng space is 'requlred‘

3
requires rear access for nonelectrical activity, however, a
reduced working space of at least 30 in. must be provided. ¥
Exhibit 110.10 shows a reduced working space of 30 in..at .
the rear of cquipment to allow work on nonelectrical parts. |

(b) Low Voltage. By special permission, smaller work-
ing spaces shall be permitted where all exposed live parts
operate at not greater than 30 volts rms, 42 volts peak, or
60 volts dc.

(©)- Ex:sung Buildings. In existing buildings where elec-
trical E is being replaced, Condition 2 working
clearance shall be permitted between dead-front switch-
boards, panelboards, or motor control centers located across
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.} theyaisle from ecach other where conditions of maintenance

and.supervision ensure that written procedures have been
'{ adopted to prohibit equipment on both sides of the aisle
from being open at the same time and qualified persons who
arcfauthorized will service the installation.

jLiis section- permits some relief for installatioris that are

1) Width of Working Space The width of the working
£ Space in front of the electric equipment shall be the width
i of the equipment or 750 mm (30 in.), whichever is greater.
1 In all cases, the work space shail permit at least a 90 degree

) Opemng of equipment doors or hinged panels.

E chardlcss of the width of the electrical equipment, the

wurkmg space cannot be less than 30 in. wide. This space
aliSws an individual to have at least shoulder- width space
inkront of the equipment. The 30 in. measurement can be
Made from'either the left or the right edge of the equipment
2nd.can overlap other electrical equipment, provided the
Other equlpmem does not extend beyond the clearance re-

Exhibit 110.11 Permitted reduction from a Condition 3 to a Con-
dition 2 clearance according to 110.26(A}(1)(c). .

quired by Table 110.26(A)(1). If the equipment is wider than
30 in., the left-to-right space must be equal to the width of
the equipment. See Exhibit 110.12 for an explzmanon of the
304 in. w:dth requu'emem :

Minimum headroom of 6% ft =

Exhibit 110.12 The 30 in. wide tront working space, which is
not required to be directly centered on the electrical equipment
if:space is suﬁ" icient for sale operahon and malmenance of such
eqmpmem L .

Suﬁicnem depth in the workmg space also .must, be
provnded to allow a panel or a door to open at least 90
degrees. If doors or hinged panels are wider than 3 ft, more
than a 3 fit deep working space must be provided to allow
a full 90-degree opening. (See Exhibit 110.13.)

(3) Height of Working Space The work space shall be
clear and extend from the grade, floor, or platform to the
height required by 110.26(E). Within the height requirements
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Exhibit 110.13 {llustration of requirement that warking space
must be sufficient to aftow a full 80 degree opening of equipment
doors in order to ensure a safe working approach.

of this section, other equip that is d with the
electrical installation and is located above or below the elec-
trical equipment shall be permitted to extend not more than
150 mm (6 in.) beyond the front of the electrical equipment.

In addition to reguiring s working space to be clear from
the floor to a height of 61/2 ft or to the height of the
equipment, whichever is greater, 110.26(AX3) permits elec-
trical equipment located above or below other electrical
equipment to extend into the working space not more than
6 in. This requirement allows the placement of a 12 in. X
12 in, wireway on the wall directly above or below a 6 in.
deep panelboard without impinging on the working space
or compromising practical working clearances. The require-
ment continues to prohibit large differences in depth of
equipment below or above other equipment that specifically
requires working space. In order to minimize the amount of
spice required for electrical equipment. it was not uncom-
mon to find instaltations of large free-standing, dry-type
transformers within the required work space for a wall-
mounted panelboard. Clear access to the panelboard is
compromised by the location of the transformer with its
grounded enclosure and this type of installation and is clearly
not permitted by this section. Electrical equipment that pro-
duces heat or that otherwise requires ventilation also must
comply with 110.3(B) and 10.13.

(B) Clear Spaces Working space required by this section
shall not be used for storage. When normally enclosed live
parts are exposed for inspection or servicing, the working
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space, if in a passageway or general open space, shall be
suitably guarded.

Section 110.26(B), as welt as the rest of 110.26. does not
prohibit the placement of panelboards in corridors or pas-
sageways. For that reason, when the covers of corridor-
mounted panelhoards are removed for servicing or other
work. access to the area around the panelbouard should be
guarded or fimited to protect unqualified persons using the
corridor.

(C) Entrance to Working Space

(1) Minimum Required At least one entrance of sufficient
area shall be provided to give access to working space about
electrical equipment.

(2) Large Equipment For equipment rated 1200 amperes
or more that contains overcurrent devices, switching devices,
or control devices, there shall be one entrance to the required
working space not less than 610 mm (24 in.) wide and 2.0
m (6% f1) high at cach end of the working space. Where
the entrance has a personnel door(s), the door(s) shall open
in the direction of egress and be equipped with panic bars,
pressure plates, or other devices that are normally latched
but open under simple pressure.

A single entrance to the required working space shall
be permitted where either of the conditions in 110.26(C)(2)(a)
or (C)(2)(b) is met.

The stipulation that large equipment must be at least 6 ft
wide was deleted for the 2005 Code. Now, for the purposes
of this section, large equipment is simply equipment rated
1200 amperes or more. The removal of the 6 ft condition
has the effect of broadening the scope of this requirement
to now include all spaces containing *‘equipment rated 1200
amperes or more that contains overcurrent devices, switching
devices. or control devices.” The effect of this revision is
that the required working space for one 1200-ampere safety
switch with a width of approximately 3 ft is now required
to be provided with two entrances/exits unless one of the
provisions permitling a single entrance can be applied to
that space. For equipment of this type. it is not unusual that
the pravision calling for a continuous and unobstructed way
of exit travel from the working space can be applied.

Where the entrance(s) to the working space is through
a door. each door must comply with the requirements for
swinging open in the direction of egress and have door
opening hardware that does not require turning of a door
knob or similar action that may preclude quick exit from
the area’in the event of an emergency.

This requirement affords safety for workers exposed to
energized conducters by allowing an injured worker to safely
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rﬁnd quickly exit an electrical room without having to turn
| knobs or pull doors open.
bir, For a graphical explanation of access and entrance re-
quirements to a working space, sce Exhibits 110.14 and
11015, Notice the unacceptable and hazardous situation
own in Exhibit 110.16.

Access panels

/ "Elocmc \

- oqulpmsqt il

 —
. N —L| At least one
. ' entrance

L et o teuired

Working space . :

. " Switchboard rated
‘. 1200 A or more

Exhibit 110.14 Basic Rule, first paragraph. At least one entrance
?s_re_quired to provide access to the working space around electri-
ca!,gquipmem [110.26(C){1)]. The lower installation would not be
acceptable for a switchboard rated 1200 amperes or more.

|<——- Any Dimension —»'

R ——

Pt ity pan
t 5 L :
|

‘Worklng space

Exhibit 110.16 Unacceptable arrangement of a large switch-
board. A person could be trapped behind arcing electrical equip-
ment.

(a) Unobstructed Exit. Where the location permits a
continuous and unobstructed way of exit travel, a single
entrance to the working space shall be permitted.

(b) Extra Working Space. Where the depth of the work-
ing space is twice that required by 110.26(A)(1), a single
entrance shall be permitted. It shall be located so that the
distance from the equipment to the nearest edge of the en-
trance is not less than the minimum clear distance specified
in Table 110.26(A)(1) for equipment operating at that voltage
and in that condition.

For an explanation of paragraphs 110.26(C)2)a) and
110.26(C)(2)(b), see Exhibits 110:17 and 110.)8.

(D) Iltumination Illumination shall be provided for all
working spaces about service equipment, switchboards, pan-
clboards, or motor control centers installed indoors. Addi-
tional lighting outlets shall not be required where the work
space is illuminated by an adjacent light source or as permit-
ted by 210.70(A)(1). Exception No, 1, for switched recepta.
cles. In electrical equipment rooms, the illumination shalt
not be controlled by automatic means only.

(E) Headroom The minimum headroom of working spaces
about service equipment, switchboards, panelboards, or
motor contro] centers shall be 2.0 m (6% fi). Where the
electrical equipment exceeds 2.0 m (6% ft) in height, the
minimum headroom shall not be less than the height of the
equipment.

Exception: In existing dwelling units, service equipment or

1"

P ds that do not exceed 200 amperes shall be per-

[ 3\
Entrances at each end at least

24 in. wide and 6% ft high

Exhibit 110.15 Basic Rule, second paragraph. For equipment
g fi-l_ted 1200 amperes or more, one entrance not less than 24 in.
lg:Wl_qe and 6% ft high is required at each end {110.26(C)(2}}.
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mirted in spaces where the headroom is less than 2.0 m
(6% ).

(F) Dedicated Equipment Space All switchboards, pan-
elboards, distribution boards, and motor control centers shall
be located in dedicated spaces and protected from damage.
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Exhibit 110.17 Equipment focation that allows a continuous and
unobstructed way of exit travel

TR :@,\.ﬁu =

X = minimum alowable distance

-Exhibit 110.18 Working space with one entrance. Omy one en-
trance is required if the working space required by 110.26{A} is
doubled See Table 110.26(A)(1) for permmed dtmensxons of X

Exception: Control equipment that by its very nature or
because of other rules of the Code must be adjacent 1o or
within sight of its operating machinery shall be permitted
in those locations.

(1) Indoor Indoor installations shall comply with
110.26(F)(1)(a) through (F)(1)(d).

“(a) Dedicated Electrical Space. The space cqual to the
width and depth of the equipment and extending from the
floor to a height of 1.8 m (6 ft) above the equipment or to
the structural ceiling, whichever is lower, shall be dedicated
to the electrical installation. No piping, ducts, leak protection
apparatus, or other equipment foreign to the electrical instal-
lation shall be located in this zone.

Exception: Suspended ceilings with removable panels shall
be permitted within the 1.8-m (6-f1) zone.
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(b) Foreign Systems. The arca above the dedicated
space required by 110.26(F)(1)(a) shall be permitted to con-
tain foreign systems, provnded protection is mstalled to avoid
damage to the electrical ec from cong ton, leaks,
or breaks in such forcign syslcms.

(c) Sprinkler Protection. Sprinkler protection shall be
permitted for the dedicated space where the piping complics
with this section.

(d) Suspended Ceilings. A dropped, suspended, or simi-
lar ceiling that does not add strength to the building structure
shall not be considered a structural ceiling.

The dedicated electrical space includes the space defined by
extending the footprint of ‘the switchboard or -panciboard |
from the floor to a height of .6 ft above the height of the i
equipmeit or to the structural ceiling, whichever is lower. i
This reserved space permits busways, conduits, raceways,
and cables to enter the equipment. The dedicated electrical
space must be cleat of piping, ducts, leak protection appara-
tus, or equipment foreign‘to the electrical installation.
Plumbing, heating, ventilation, and, alr-condltlomng piping,
ducts.-and equipment ‘must be msmlled outs:de lhe wxdlh F
and depth zone.

Foreign systems mslal]ed dlreclly above the dedlcaled ]
space reserved for electrical equipment must include protec-
tive equipment that ensures that occun'ences such as leaks,
condensation, and even breaks do not damage lhe e!eclncal
cquipment located below. .

Sprinkler protection is perrmttcd for.” lhe dcdlcated.
spaces as long as the sprinkler or other suppression system j

piping .complies with 110.26(F)(1)(d). A: dropped, ‘sus-
pended, or similar ceiling is permitted to be located directly
in the dedicated space, as arc building structural members.’

The.electrical equipment also must be protected from
physical damage. Damage can be caused ‘by activities per- ]
formed near the equipment, such’as material’ handling by !
personnel or the operation of a forklift or other-mobile equip-
ment. See 110.27(B) for other provisions, rclalmg to the,
protection of, electrical equipment. | K

Exhibits 110.19, 110.20, and 110.21 illustrate the lwu
distinct indoor installation spaces required ‘by '110.26(A)
and 110.26(F), that is, the workmg space and the dedxcated
electrical space.

In Exhibit 110.19, the dedlcated electncal space nequnred
by 110.26(F) is the spacc -outlined by the.width and thed
depth of the equipment (the footprint) and exlending from
the floor to 6 ft above the equipment or to the structural
ce|l|ng (whichever is lowen). The dedxpated electrical space
is reserved for the installation of electrical equipment and for
the installation of conduits, cable trays, and so on, entering or
exiting that equipment. The outlined area in front of the
electrical equipment in Exhibit 110.19 is the working space
required by 110.26(A). Note that sprinkler protection is af-
forded the entire dedicated electrical space and working g
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without actually entering either space Also note that
,exhausl duct is "nof located in or dlreclly ‘above (he

Exhibit 110.20 illustrates.the working space rcquired in
front of the panelboard by 110.26(A). No equlpment, electri-
cal or otherwise, is allowed in the working space.

"Exhibit 110.21 illustrates the dedicated electrical space
above and below the panelboard required by 110.26(F)(1).
This space is for the cables, raceways, and so on, that run
to and from the panelboard.- .

(2) Outdoor Outdoor electrical equipment shall be in-
stalled in suitable enclosures and shall be protected from
- accidental contact by unauthorized personnel, or by vehicu-
Tar traffic, or by accidental spillage or leakage from piping
systems. The working clearance space shall include the zone
described in 110.26(A). No architectural appurtenance or
other equipment shall be located in this zone.

Extreme care should be taken where protéction from unau-

thorized personnel or vehicular traffic.is added to existing

installations in order to comply with 110.26(F)(2). Any exca- .
vation or driving of steel mto the ground for the placement

of fencing, vehicle stops, ‘or bollards should be:done only
after a thorough mvesugauon of the be]owgrade wmng

110.27 Guarding of Live Parts

(A) Live Parts Guarded Against Accidental Contact Ex-
cept as elsewhere required or permitted by this Code, live
parts of electrical equipment operating at 50 volts or more
shall be guarded against accidental contact by approved
enclosures or by any of the following means:

Side View Front View
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Exhibit 110.21 The dedicated

electrical space above and

below a paneiboard required
by 110.26(F)(1).

Structural 7 é

ceiling

ceiling

=t
Suspended 4 Permitied —___

: " e S
-E% T | = Nﬂ
-y | Lursirain = _:

o]

Side View

Front View

(1) By location in a room, vault, or similar enclosure that
is accessible only to qualified persons.

(2) By suitable per b ial partitions or screens
arranged so that only qualified persons have access to
the space within reach of the live parts. Any openings
in such partitions or screens shall be sized and located
so that persons are not likely to come into accidental
contact with the live parts or to bring conducting objects
into contact with them.

(3) By location on a suitable balcony. gallery, or platform
elevated and arranged so as to exclude unqualified per-
sons.

(4) By elevation of 2.5 m (8 ft) or more above the floor or
other working surface.

Contact conductors used for traveling cranes are permitted
1o be bare by 610.13(B) and 610.21(A). Although contact
conductors obviously have to be bare for contact shoes on
the moving member to make contact with the conductor. it
is possible to place guards near the conductor to prevent its
accidental contact with persons and stifl have slots or spaces
through which the moving vontacts can operate. The Cade
also recognizes the guarding of live pans by elevation.

(B) Prevent Physical Damage In locations where electric
equipment is likely to be exposed to physical damage, enclo-
sures or guards shall be so arranged and of such strength as
to prevent such damage.
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(C) Warning Signs Entrances to rooms and other guarded
locations that contain exposed live parts shall be marked with
conspicuous warning signs forbidding unqualified persons to
enter.

FPN: For motors, see 430.232 and 430.233. For over
600 volts, see 110.34.

Live parts of electrical equipment should be covered.
shielded. enclosed, or otherwise protected by covers, barri-
ers, mats. or platforms to prevent the likelihood of contaci
by persons or objects. See the definitions of dead front and
isotated (as applied 1o location) in Article 100.

{IL. Over 600 Volts, Nominal

11030 General

Conductors and equipment used on circuits over 600 volts.
nominal, shall comply with Part I of this article and with
the following sections, which supplement or modify Part 1.
In nocase shall the provisions of this part apply to equipment
on the supply side of the service point.

See ““Over 600 volis™ in the index to this Handhook for
articles. parts, and sections that include requirements for
installations over 600 volts.

Equipment on the supply side of the service point is
outside the scope of the NEC. Such equipment is covered
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i;y ANSI C2, National Elecirical Safety Code, published by
the Institute of Electrical and Electronics Engineers (IEEE).

110.31 Enclosure for Electrical Installations

Electrical installations in a vault, room, or closet or in an
area surrounded by a wall, screea, or fence, access 10 which
is controlled by a lock(s) or other approved means, shall be
considered to be accessible to qualified persons only. The
type of enclosure used in a given case shall be designed
and constructed according to the nature and degree of the
hazard(s) associated with the installation.

For installations other than equip as described in
110.31(D), a wall, screen, or fence shall be used to enclose
an outdoor electrical installation to deter access by persons
who are not qualified. A fence shall not be less than 2.1 m
(7 ft) in height or a combination of 1.8 m (6 ft) or more of
fence fabric and a 300-mm (1-ft) or more extension utilizing
three or more strands of barbed wire or equivalent. The
distance from the fence to live parts shall be not less than
given in Table 110.31,

Table 11031 Minimum Distance from Fence to Live Parts

Minimum

Distance to

Live Parts
Nominal Voltage m ft
601 - 13,799 3.05 10
13.800 - 230,000 4.57 15
Over 230,000 549 18

sons shall be made with metal-enclosed equipment. Metal-
enclosed switchgear, unit substations, transformers, pull
boxes, connection boxes, and other similar associated equip-
ment shall be marked with appropriate caution signs. Open-
ings in ventilated dry-type transformers or similar openings
in other equip shall be d d so that foreign objects
inserted through these openings are deflected from energized
parts.

(2) In Places Accessible to Qualified Persons Oaly In-
door electrical installations considered accessible only to
qualified persons in accordance with this section shall com-
ply with 110.34, 110.36, and 490.24.

(C) Outdoor Installations

(1) 1n Places Accessible to Ungqualified Persons Qutdoor
electrical installations that are open to unqualified persons
shall comply with Parts 1, I, and III of Article 225.

FPN: For clearances of conductors for system vollages
over 600 volts, nominal, see ANSI C2-2002, Narional
Electrical Safety Code.

(2) In Places Accessible to Qualified Persons Only Qut-
door electrical installations that have exposed live parts shall
be accessible to qualified persons only in accordance with
the first paragraph of this section and shall comply with
110.34, 110.36, and 490.24.

(D) Enclosed Equip A ible to Unqualified Per-
sons Ventilating or similar openings in equipment shall be
designed such that foreign objects inserted through these
openings are deflected from energized parts. Where exposed

Note: For clearances of conductors for specific system voltages and
typical BIL ratings, see ANSI C2-2002, National Electrical Safety
Code.

FPN: See Article 450 for construction requirements for
transformer vaults.

(A) Fire Resistivity of Electrical Vaults The walls, roof,
floors, and doorways of vaults containing conductors and
equipment over 600 volts, nominal, shall be constructed
of materials that have adequate structural strength for the
conditions, with a minimum fire rating of 3 hours. The floors
Pf vaults in contact with the earth shall be of concrete that
15 not less than 4 in. (102 mm) thick, but where the vault
1s constructed with a vacant space or other storics below it,
the floor shall have adequate structural strength for the load
imposed on it and a minimum fire resistance of 3 hours,
For the purpose of this section, studs and wallboards shall
Dot be considered acceptable.

(B) Indoor Instaliations

(1) In Places Accessible to Unqualified Persons Indoor
electrical § ions that are ible to unqualificd per-
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to physical damage from vehicular traffic, suitable guards
shall be provided. Nonmetallic or metal-enclosed equipment
located outdoors and accessible to the general public shall
be designed such that exposed nuts or bolts cannot be readily
removed, permitting access to live parts. Where nonmetallic
or metal-enclosed equipment is accessible to the general
public and the bottom of the enclosure is less than 2.5 m
(8 ft) above the floor or grade level, the enclosure door or
hinged cover shall be kept tocked. Doors and covers of
enclosures used solely as pull boxes, splice boxes. or junction
boxes shall be locked, bolted, or screwed on. Underground
box covers that weigh over 45.4 kg (100 Ib) shall be consid-
ered as meeting this requircment.

110.32 Work Space About Equipment

Sufficient space shall be provided and maintained about
electric equipment to permit ready and safe operation and
maintenance of such equipment. Where energized parts are
exposed, the minimum clear work space shall not be less
than 2.0 m (6% ft) high (measured vertically from the floor
or platform) or less than 900 mm (3 ft) wide (measured
parallel 10 the equipment). The depth shall be as required
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in 110.34(A). In all cases, the work space shall permit at
least a 90 degree opening of doors or hinged panels.

110.33 Entrance and Access to Work Space

(A) Entrance At least one entrance not less than 610 mm
(24 in.) wide and 2.0 m (6% ft) high shall be provided to
give access to the working space about electric equipment.
Where the entrance has a personnel door(s). the door(s) shall
open in the direction of egress and be equipped with panic
bars, pressure plates, or other devices that are normally
latched but open under simple pressure.

(1) Large Equipment On switchboard and control panels
exceeding 1.8 m (6 ft) in width, there shall be onc entrance
at each end of the equipment. A single entrance to the
required working space shall be permitted where either of
the conditions in 110.33(A)1)(a) or (A)X1)(b) is met.

(a) Unobstructed Exit. Where the location permits a
continuous and unobstructed way of exit travel, a single
entrance to the working space shall be permitted.

(b) Extra Working Space. Where the depth of the work-
ing space is twice that required by 110.34(A), a single en-
trance shall be permitted. It shall be located so that the
distance from the equipment to the nearest edge of the en-
trance is not less than the minimum clear distance specified
in Table110.34(A) for equipment operating at that voltage
and in that condition.

(2) Guarding Where bare energized parts at any voltage
or insulated energized pants above 600 volts. nominal, to
ground are located adjacent to such entrance, they shall be
suitably guarded.

Section 110.33(A) contains requirements very similar to
those of 110.26(C). For further information. see the commen-
tary following 110.26(C)(2), most of which also is valid for
over-600-volt instatlations.

(B) Access Permanent ladders or stairways shall be pro-
vided to give safe access to the working space around electric
equipment installed on platforms, balconies. or mezzanine
floors or in attic or roof rooms or spaces.

110.34 Work Space and Guarding

(A) Working Space Except as elsewhere required or per-
mitted in this Code, the minimum clear working space in
the direction of access to live parts of electrical equipment
shall not be less than specified in Table 110.34(A). Distances
shall be measured from the live parts, if such are exposed,
or from the enclosure front or opening if such are enclosed.

Exception: Working space shall not be required in back
of equipment such as dead-front switchboards or control
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Table 110.34(A) Minimum Depth of Clear Working Space at
Electricat Equipment

Minlimum Clear Distance

Nominal Voltage

to Ground Condition 1  Condition 2  Condition 3
601-2500 V 900 mm (3 ft) 1.2 m @ ft) 1L5m (5 f)
2501-9000 V 12m@f) L5SmGSfy 1.8 m (6 ft)
9001-25.000 V ISm(Sf)y t8m6f)y 28m(9fy
25.001V-75 kV 18m6f) 25m(8f) 3.0m(l10f)
Above 75 kV 25m8ft) 30m(10fty 37m(l12fy)

Note: Where the conditions arc as follows:

Condition 1 — Exposed live parts on one side of the working space
and no live or grounded parts on the other side of the working space,
or exposed live parts on both sides of the working space that are
effectively guarded by insulating materials.

Condition 2 — Exposed live parts on one side of the working space
and grounded parts on the other side of the working space. Concrete,
brick, or tile walls shall be considered as grounded.

Condition 3 — Exposed live parts on both sides of the working space.

assemblies where there are no renewable or adjustable parts
(such as fuses or switches) on the back and where all connec-
tions are accessible from locations other than the back.
Where rear access is required to work on de-energized parts
on the back of enclosed equipment, a minimum working
space of 750 mm (30 in.) horizontally shall be provided.

(B) Separation from Low-Voltage Equipment Where
swilches, cutouts, or other cquipment operating at 600 volts,
nominal, or less are installed in a vault. room, or enclosure
where there are exposed live parts or exposed wiring op-
erating at over 600 volts, nominal, the high-voltage equip-
ment shall be effectively separated from the space occupied
by the low-voltage equipment by a suitable partition, fence,
or screen.

Exception: Switches or other equipment operating at 600
volts. nominal. or less and serving only equipment within
the high-voliage vault, room, or enclosure shail be permitted
to be installed in the high-voltage vault, room or enclosure
without a partition, fence, or screen if accessible to qualified
persons only.

(C) Locked Rooms or Enclosures The entrance to all
buildings, vaults, rooms, or enclosures containing exposed
live parts or exposed conductors operating at over 600 volts,
nominal, shall be kept locked unless such entrances are under
the observation of a qualified person at all times.

Where the voltage exceeds 600 volts, nominal, perma-
nent and conspicuous warning signs shall be provided, read-
ing as follows:

DANGER — HIGH VOLTAGE — KEEP OUT

Equipment used on circuits over 600 volts. nominal. and

containing exposed live parts or exposed coaductors is e,

2005 National Electrical Code Handboo

- The provisions for locking are not required if the room or
 enclosure is under observation at all times, as is the case
jawith some engine rooms.

]jquired to be located in a locked room or in an enclosure.

(D) Mumination Illumination shall be provided for all
working spaces about electrical equipment. The lighting out-
lets shall be arranged so that persons changing lamps or
making repairs on the lighting system are not endangered
by live parts or other equipment.

The points of contro! shall be located so that persons
are not likely to come in contact with any live part or moving
part of the equipment while turning on the lights.

(E) Elevation of Unguarded Live Parts Unguarded live
parts above working space shall be maintained at elevations
not Jess than required by Table 110.34(E).

Table 110.34(E) Elevation of Unguarded Live Parts Above
Working Space

when two or more conductors of a circuit were subjected to
short-circuit current.

Exposed runs of insulated wires and cables that have a
bare lcad sheath or a braided outer covering shall be sup-
ported in a manner designed to prevent physical damage to
the braid or sheath. Supports for lead-covered cables shall
be designed to prevent clectrolysis of the sheath.

110.40 Temperature Limitations
at Terminations

Conductors shall be permitted to be terminated based on the
90°C (194°F) temperature rating and ampacity as given in
Tables 310.67 through 310.86, unless otherwise identified.

IV, Tunnel Installations over
600 Volts, Nominal
110.51 General

(A) Covered The provisions of this part shall apply to the * )
installation and use of high-voltage power distribution and

Elevation
Nominal Voltage
Between Phases m ft
601-7500 V 28 9
7501-35,000 V 29 9%
Over 35 kV 29m + 95 mm/kV 9% ft + 037 in/kV
above 35 above 35

(F) Protection of Service Equipment, Metal-Enclosed

Power Switchgear, and Industrial Control Assemblies

!’ipes or ducts foreign to the electrical installation and requir-
ing periodic maintenance or whose malfunction would en-
danger the operation of the electrical system shall not be
located in the vicinity of the service equipment, metal-en-
closed power switchgear, or industrial control assemblies.
Protection shall be provided where necessary to avoid dam-
age from condensation leaks and breaks in such foreign
Systems. Piping and other facilities shall not be considered

1fm’eigu if provided for fire protection of the electrical instal-
ation.

110.36 Circuit Conductors

Cucui? conductors shall be permitted to be installed in race-
Ways; in cable trays; as metal-clad cable, as bare wire, cable,
and busbars; or as Type MV cables or conductors as provided
in 300.37, 300.39. 300.40, and 300.50. Bare live conductors
shall conform with 490.24.

Insulators, together with their mounting and conductor
:ﬂacllments, where used as supports for wires, single-con-
Sucw_r cables, or busbars, shall be capable of safely with-

tanding the maximum magnetic forces that would prevail
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util quip that is portable, mobile, or both, such
as substations, trailers, cars, mobile shovels, draglines,
hoists, drills, dredges, compressors, pumps, conveyors, un-
derground excavators, and the like.

(B) Other Articles The requirements of this part shall be
additional to, or amendatory of, those prescribed in Articles
100 through 490 of this Code. Special attention shall be
paid to Article 250.

(C) Protection Against Physical Damage Conductors and
cables in tunnels shall be located above the tunnel floor and
50 placed or guarded to protect them from physical damage.

110,52 Overcurrent Protection

Motor-operated equipment shall be protected from overcur-
rent in accordance with Parts I, IV, and V of Article 430.
Transformers shall be protected from overcurrent in accor-
dance with 450.3.

110.53 Conductors

High-voltage conductors in tunnels shall be installed in metal
conduit or other metal raceway, Type MC cable, or other
approved multiconductor cable. Multiconductor portable
cable shall be permitted to supply mobile equipment.

110.54 Bonding and Equipment

Grounding Conductors

(A) Grounded and Bonded All non-current-carrying
metal parts of electric equipment and all metal raceways
and cable sheaths shall be effectively grounded and bonded
to all metal pipes and rails at the portal and at intervals not
exceeding 300 m (1000 ft) throughout the tunnel,
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(B) Equipment Grounding Cond s An equip

grounding conductor shall be run with circuit conductors
inside the metal raceway or inside the multiconductor cable
jacket. The equipment grounding conductor shall be permit-

ted to be insulated or bare.

110.55 Transformers, Switches, and

Electrical Equipment

All transformers, switches, motor controllers, motors, rectifi-
ers, and other equipment installed below ground shall be
protected from physical damage by location or guarding.

110.56 Energized Parts

.

same working space issues elsewhere in Articte 110. For
handhole inswallations, see Anicle 314.

110.70 General

Electric enclosures intended for personnel entry and specifi-
cally fabricated for this purpose shall be of sufficient size
to provide safe work space about electric equlprnem with
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(3) Class 2 or Class 3 remote-control and signaling circuits,
or both, supplied in accordance with 725.41

..110.73 Equipment Work Space

Where electric equipment with live parts that is likely 10
- require examination, adjustment, servicing, or maintenance
.. while energized is installed in a manhole, vault, or other

losure designed for personnel access, the work space and

live parts that is likely to require ex
servicing, or maintenance while energized. Such enc]osures
shall have sufficient size to permit ready installation or with-
drawal of the conductors employed without damage to the
conductors or to their insulation. They shall comply with
the provisions of this part

E. jon: Where electric enclosures covered by Part V of

Bare terminals of transformers, switches, motor ¢
and other equipment shall be enclosed to prevent accidental
contact with energized parts.

110.57 Ventilation System Controls

Electrical controls for the ventilation system shall be ar-
ranged so that the airflow can be reversed.

110.58 Disconnecting Means

A switch or circuit breaker that simultaneously opens all
ungrounded conductors of the circuit shall be installed within
sight of each transformer or motor location for disconnecting
the transformer or motor. The switch or circuit breaker for
a transformer shall have an ampere rating not less than the
ampacity of the transformer supply conductors. The switch
o circuit breaker for a motor shall comply with the applica-
ble requirements of Article 430.

110.59 Enclosures

Enclosures for use in tunnels shall be dripproof, weather-
proof, or submersible as required by the environmental con-
ditions. Switch or contactor enclosures shall not be used as
junction boxes or as raceways for conductors feeding
through or tapping off to other switches, unless the enclo-
sures comply with 312.8.

V. Manholes and Other Electric
Enclosures Intended for Personnel
Entry, All Voltages

Prior to the 2005 Code. the requirements for manholes were
found in Part IV of Aricle 314. For the 2005 edition,
manhole requirements were moved to Article 110 and placed
there as the new Part V. Placing the manhole requirements
in Article 110 makes sense because manhole working space
issues for cabling and other equipment here parallel those
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this article are part of an industrial wiring system operating
under conditions of maintenance and supervision that ensure
that only qualified persons monitor and supervise the system,
they shall be permitted to be designed and installed in accor-
dance with appropriate engineering practice. If required by
the authority having jurisdiction, design d ion shall
be provided. .

The provisions of Part V are conditional, just like the require-
ments in 110.26, that is, some of the requirements are appli-
cable only where the equipment *‘is likely to require
examination. adjustment. servicing, or maintenance while
encrgized.”

110.71 Strength
Manholes, vaults, and their means of access shall be designed
under qualified engineering supervision and shall withstand
all loads likely to be imposed on the structures.

FPN: See ANSI C2-2002. National Electrical Safety

Code, for additional information on the loading that can
be expected to bear on underground enclosures.

110.72 Cabling Work Space

A clear work space not less than 900 mm (3 ft) wide shall
be provided where cables are located on both sides, and not
less than 750 mm (214 ft) where cables are only on one side.
The vertical headroom shall not be less than 1.8 m (6 ft)
unless the opening is within 300 mm (1 ft), measured hori-
zontally, of the adjacent interior side wall of the enclosure.

E ion: A hole ¢ ing only one or more of the
fallowmg shall be permitted to have one of the horizontal
work space dimensions reduced 10 600 mm (2 ft) where the
other horizontal clear work space is increased so the sum
of the two dimensions is not less than 1.8 m (6 f1):

(1) Optical fiber cables as covered in Article 770
(2) Power-limited fire alarm circuits supplied in accor-
dance with 760.41(A)

associated requirements in 110.26 shall be met for installa-

(B) Obstructions Manhole openings shall be free of pro-
trusions that could injure personnel or prevent ready egress.

(C) Location Manhole openings for personnel shall be lo-
cated where they are not directly above electric equipment
or conductors in the enclosure. Where this is not practicable,
cither a protective barrier or a fixed ladder shall be provided.

(D) Covers Covers shall be over 45 kg (100 Ib) or other-
wise designed to require the use of 100ls to open. They shall
be designed or ined so they cannot fall into the manhole

.tions operating at 600 volts or less. Where the installation

 isover 600 volts, the work space and associated requirements
in 110.34 shall be met, A manhole access cover that weighs
-over 45 kg (100 1b) shall be considered as meeting the
requirements of 110.34(C).

.110.74 Bending Space for Conductors

.. Bending space for conductors operating at 600 volts or below
“ shall be provided in accordance with the requirements of
. 314.28. Conductors operating over 600 volis shall be pro-
~ivided with bending space in accordance with 314.71(A) and
.314.71(B), as applicable. All conductors shall be cabled,
.. racked up, or arranged in an approved manner that provides
;.ready and safe access for persons to enter for installation

. and maintenance.

Exception: Where 314.71(B) applies. each row or column

of ducts on one wall of the enclosure shall be calculated
! individually, and the single row or column that provides the
" maximum distance shall be used.

’-_"' 110.75 Access to Manholes

- (A) Di i R access openings shall not be

lcss than 650 mm X 550 mm (26 i m X 22 in.). Round

"+ access openings in a manhole shall not be less than 650 mm
. (26 in.) in diameter.

« s Exception: A manhole that has a fixed ladder that does not
X | obstruct the opening or that contains only one or more of

'+ the following shall be permitted to reduce the minimum cover
dmmeter fo 600 mm (2 f1):

“ A1) Optical fiber cables as covered in Article 770

= (2) Power-limited fire alarm circuits supplied in accor-

- dance with 760.41
= _(3) Class 2 or Class 3 te-control and si;
" or both, supplied in accordance with 725 41

Cl"l’lllfs,

2005 National Elecirical Code Handbwt[i National Elecirical Code Handbook 2005

or protrude sufficieatly to electrica) ductors or
equipment within the manhole.

(E) Marking Manhole covers shall have an identifying
mark or logo that prominently indicates their function, such
as “electric.”

110.76 Access to Vaults and Tunnels

(A) L ion Access openings for personnel shall be lo-
cated where they are not directly above electric equipment
or conductors in the enclosure. Other openings shall be
permitted over equipment to facilitate installation, mainte-
nance, or replacement of equipment.

(B) Locks In addition to compl with the requi

of 110.34(C), if applicable, access openings for personnel
shall be arranged such that a person on the inside can exit
when the access door is locked from the outside, or in the
case of normally locking by padlock, the locking arrange-
ment shall be such that the padlock can be closed on the
locking system to prevent locking from the outside.

110.77 Ventilation

Where manholes, tunnels, and vaults have communicating
openings into enclosed areas used by the public, ventilation
to open air shall be provided wherever practicable.

110,78 Guarding

Where conductors or equipment, or both, could be contacted
by objects falling or being pushed through a ventilating
grating, both conductors and live parts shall be protected in
accordance with the requirements of 110.27(A)(2) or
110.31(B)(1), depending on the voltage.

110.79 Fixed Ladders
Fixed ladders shall be corrosion resistant.
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