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Crown Point Telephone Corporation 
2829NYSRte 9N, P.O. Box 275 g     O 

Crown Point, NY 12928 a      nUc 
Phone (518) 597-3300  Fax (518) 597-3000 &      S.9cr 

Jaclyn A. Brilling ^      ^  rT 

Secretary ^ 
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. <^ fM^WbT 

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 (J 
Vice President/Treasurer 

End. 

-< 



ALL COMPANIES MUST RESPONI 

(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 original 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 voltage 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. 



p 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 Wheeb 

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 anchored 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 offhand 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 
It 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 
15PSI 
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 petroleum 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 
Detector 

cr- 

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 



- metallic conduit 
- mobile homes 
- pedestals 
- metal siding on 

homes 
- ail down guys 
- all telephone strand 
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conductive objects such as: 

- power ground wires 
- street light fixtures 
- metal frameworks 
- newly driven ground 

rods 
- any vertical ground wire 

attached to pole 
- 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 fight 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. 

Additional 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. 

^if Check 
Should be performed prior 
to every use of the voltage 
detector. 
See the section above for 
details on performing this check. 

•^ 
CTC 

C-99« 

•^ 
V 
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Tesf Ping Thr^hnlH Sensifivify Check 

This test verifies the sensitivity of the voltage 
detector. The test plug (C-9966, see photo below) 
provides the proper reference voltage. This test: 
• Should be performed at least weekly. 
• Verifies proper sensitivity. 
• May be performed whenever the insulation is in 

doubt. 
• Should be performed whenever the detector 

suffers severe mechanical stress (is dropped, 
etc.). 

Refer to the operator's handbook for details on 
performing the Threshold Sensitivity Test. You may 
also ask your Safety Manager for a copy of the 
instructions in the form of the poster on the 
following page. 
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Threshold Test for C-9970 Voltage Detector 
How to P«riomi the . .^^o 
ThraiholdTost.'-   '•'Tff'-r 

Grasp the vottage dslaclor 
wilh yow.; bora-hsnd? With 
your thumb, paw the crtggar 
end obsarva tho green LEO 
Indcator. II H coesn'i ftphi or 
La very dim. chack frio Imomcl 
battery (replooo il nacsanarY). 
II the graen LED Indicator silQ 
doesn't BgliV. DO NOT USE 
THE VOLTAGE OETECTOR. 
If th« graan - LED ,J;|ndlcato' 
BglitB. proootfd. '';•*' M  X 

Wllh the-'trtBOW.-prossed, 
touch detector's probe tip lo 
the plug's teat pdnL The red 
LED. Indicalnr' should flnih 
and the groan go dork. If ihey 
dcnX DONOT USE JHE 
VOLTAGE DETECTpH, tum 
l| in lor. ropalr,ar*d"qecufftB 
roplonemem." '• '":*• ^--•'-Vi*' 
Pertonn this test HESC-V,- 

• ground terminal 

chack contact 

probaUp 

C-9970 Voltage Detector 

Rn£«r«iic» Prcntiur Sa/acy KaiRMl. 

09970 Vollaga DetectorTest Plug 
Th» «« vtua •» «••* W vwtfjr th» tovrtut (eK»ih<*l) vctUQ* H 

wMch the «*iaa» (Wector mdtaalee OOTMIW. R !• ut AC opeiewd plug 
whicb pruvMei k iutlatte cuir»nMiriied ratwanca «ilaaa to wilN 
proper opwathn o( the voltage detador. 0 ptiQi Into a ilutdtml 
nioiind-nrfnrmmid power ouitet.-coniumoe lattn thnn 30 mlfflwiHts. 

- nrel may t» tot fci en mittot WtonnDsty a datlred. a may bo tDucftod 
wimoul «tecancnt thoch. even wWto •,—A 

•allyi boCore each. uae. *Oal 

KaaXIyi toac plug Chranbold 

ywxzlyi inspecbion. verlilcatlon, 
than labal in aftixad. 

CUT OUT THIS 
^AREA AND FIT 
iJROSTER AROUND 
?BOWER OUTLET. trot* C-9970 VolCaae Tcotar  hnw  ropLnoircl cha 

IBB Voitaga Taater.   Both VolUga Teatera  ara 
Identical  in color and eparat*  tha afcwa. 
floe; pogpn 3i-3S in tho wgw^SSr BeEaUy Hwiual. 

Vpnrly TnspppHnn] VpriflpnHnn nnd rprtifirntinil 

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 
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 sphcing 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 handles 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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If only 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 sphcing platform, scaffold, or 
cable car. 

Look for: 

Corrosion so that no galvanizing can be seen. 
One or more wires of the strand are broken. 
Any worn spots. 
Bum 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. 

_ 
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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. Cautinn 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: Notiiy all affected 
employees that LOTO is going to be utilized and 
the reason for lockout, (tailgate meeting) 



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 
Devices: 
Specific Tags 
and Locks will 
be available to 
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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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. 

If a 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. 
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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. 

2. Ifthe victim is not breathing, begin CPR. If the 
victim is not revived right away, continue CPR 
until someone trained in CPR reheves you, or 
until medical personnel has arrived. 

Electrical Fires 

• If you smell smoke or see a flame, unplug 
equipment involved or turn power off at the 
main control panel. 

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

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

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



(                     ( 

and give any other information you feel 
important. 

Each battery room must contain chemical neutralizer 

Uninterruptible Power Supply (UPS) for the acid in the event of a spill and proper room 
ventilation. 

UPS systems can present both electrical hazards and 
possible noise exposures. Noise is generally 4. MATERIAL 
generated not by the UPS itself, but by air 
movement due to ventilation requirements. Noise HANDLING 
should be evaluated and documented. m 

i 

1 
1 Administrative controls for electrical hazards must Compressed Gas 

also be evaluated. Most often you will have three 
systems providing power to the UPS (Power Compressed gas cylinders are dangerous when 
company, batteries, and emergency generator). All improperly stored or handled incorrectly. Always 
must be controlled prior to service work. (See assume that a cylinder is pressurized. Handle it 
Lockout/Tagout Section). carefully. Never throw, bang, tilt, drag, slide, roll, or 

drop a cylinder from a truck bed or other raised 
Batteries surface. Two or more people are required to 

manually lifting of any cylinder. Because of their 
Battery rooms require employee protection be shape, smooth surface, and weight, gas cylinders are 
available due to the sulfuric acid in the batteries. difficult to move by hand. A truck or an approved 
Sealed or unsealed batteries do change the potential cylinder handcart must always be used to move a 
for exposure, but not the requirements for personal cylinder. Never use cylinders, even empty ones, 
protective equipment. Each type contains sulfuric rollers for moving materials, as work supports, or fl§      1 
acid and therefore possibly exposes the employee. other purposes. 

This requires chemical resistant personal protective 
equipment of: If damaged, a cylinder can cause severe injuries, 

including lung damage from inhalation of toxic 
•    Eyewash (Where sealed batteries are used. contents and physical trauma from explosion. A 

1 substitution of a water rinse or neutralizing pressurized gas cylinder can become a dangerous 
packs is acceptable. Other facilities require projectile if its valve is broken or damaged. 
drenching or flushing facility) 

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

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 rehef 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 responsibihty 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-lb. water capacity, 
with at least 150-psi service pressure; 2065 is the 
service pressure at 70 degrees F. and the maximum 
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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Section 09 

Grounding Methods for 
Electric Supply and 
Communications Facilities 

^;. 

-Xi-. 

'090. PURPOSE 

: TKe puipbse of Sec. 09 is to provide practical methods of grounding. Grounding 
• i'suone of the ways to protect people from hazardous voltages. Grounding also 
; Sllbws 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, 
neutral 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 o^Mfe- 
guarding employees and the public from injury. Other means include, but •J^Jot 
limited to; guarding, clearance heights, short circuit protection, etc. 

BL 

091. SCOPE 

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- 
?roufldtLines'" and Part 4> "Work Rules"). The scope of Sec. 09 does not 
include fthe grounded return of electric railways or lightning protection not 
associated with supply and communication wires, for example, lightning pro- 
tection installed on a commercial building. ^ 
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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 thi% 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. 750 V 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, single-phase, two-wire service fed from a 120/240-V, single-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. 

i 
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Phase conductor 

Phase conductor 

Neutral conductor 

! 

i 

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 
the neutral conductor 

P Neutral conductor 

Grounding connection 

Phase conductor 

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

Phase conductor 

: 

Phase conductor 

•^ Grounding connection 
 Neutral conductor 

Phase conductor 

Single phase, 3-wlre 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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A circuit conductor may be 
grounded (comer 
grounded) but this 
configuration can NOT be 
used for lighting loads. 

-±- Grounding 
-   connection 

Rule 092B2 

Phase conductor 

Phase conductor 

Grounded 
Phase conductor 

These configurations 
may NOT be used 
for lighting circuits. 

Corner grounded 3-phase, 3-wire delta 
system (e.g. 480V, 30, 3W corner 

grounded delta or 240V, 30, 3W corner 
grounded delta) 

P 

Phase conductor 

Phase conductor 

Phase conductor 

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

delta or 240V, 30, 3W ungrounded delta) 

Phase conductor 

Phase conductor 

Phase conductor 

Ungrounded 3-phase, 3-wire wye system (e.g. 
480V, 30,3W ungrounded wye) 

Fig. 092-2. Wye and delta systems not to be used for lighting loads (Rule 092B1). 
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Neutral 

21 

Grounding connections 
must be made to the 
source (transformer) and 
the line side of the service 
equipment (meter/main) 

Grounding 
connection 

Grounding connections 
must be made to the 
source (transformer) 
and the line side of the 
service equipment 
(meter/main). 

-Grounding 
connection 

Fig, 092-3. Grounding connections at source and line side of a service 
(Rule 09201). 
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Bare, covered, or 
insulated 
non-shielded 
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).  

See 
Photo 

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 he grounded as shown in 
Fig. 092-7. 

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 
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Surge arrester Cable terminator 

Connection between 
cable shield and surge 
arrestor ground required 
at primary riser locations. 

See 
Photo 

Fig. 092-5. 
092B2b(l)). 

Surge arrester cable—shielding interconnection (Rule 

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 
transformer). 

A grounding conductor 
connection must be made 
at cable termination points 
(e.g. pad mounted junction 
boxes, risers, pad mounted 
transformers). See 

Phoh 

Fig. 092-6. .Grounding points for a shielded cable without an insulating jacket (Rule 092B2b(2)). 
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Cable with insulating 
jacket over concentric 
neutral or shield 

7i 

» 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. 

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

Fig. 092-7. Grounding points for a shielded cable with an insu- 
lating jacket (Rule 092B2b(3)). 

i .-v.^ 

Adjunct grounding 
conductor located with 
circuit conductors. 

Adjunct grounding 
conductor can be 
inside or outside a 
nonmetalllc conduit. 

Adjunct grounding 
conductor must be 
inside a metal 
conduit. 

•illl 
Nonmetalllc {e.g., PVC) conduit 

wmmM 
Metal conduit 

i: -£$ 
L Metal conduit 

i 
\EXCEPT\ON-. 
' Adiunct grounding conductor 
can be run outside of metal 
conduit if bonded at both ends 

Fig. 092-8. Separate (adjunct) grounding conductor (Rule 092B3). 
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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 
092C1. 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 c|^ 
struction requirements. The messenger must meet certain ampacity and strenj^r 
criteria defined in Rules 09301,09302, and 09305. The four grounds per mile rule 
appears here for the first time in the Code. It is discussed in detail in Rule 0960. 
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 he either grounded or insulated per Rule 21502 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. 
092D. Current in Grounding Conductor. This rule recognizes that mi 
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. 

,-:'. This rule provides both specific requirements for fence grounding (Rules 
092E1 through 092E6) and general requirements by noting lEEE'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 



26 GENERAL SECTIONS Rule 093A Rule 093A GROUNDING METHODS: SUPPLY & COMMUNICATIONS FACILITIES        27 

See 
Photo 

If messenger wire is an adequate 
system grounding conductor per 
Rules 93C1, 93C2, and 93C5, 
then four connections in each 
mile are required. 

If not, then, eight connections are 
required in each mile exclusive of 
service grounds. 

Fig. 092-9. Grounding of messenger wires (Rule 092C1). 

under tension and electrically connected to the post for the mesh to be 
grounded. In the example shown in Fig. 092-13, the grounding conductor feed 
up to the barbwire strands is woven through the chain-link mesh for added 
grounding continuity. 

093. GROUNDING CONDUCTOR AND MEANS 
OF CONNECTION 

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 
equipment cases or the structural metal frame of a building can also be used as 
a grounding conductor. Many utilities use copper for the entire length of the 
grounding conductor. Some utilities use aluminum or ACSR. Typically, the alu- 

ti' 

Metal supporting structure (pole). 
Guy connection to grounded metal pole. 

Guys required to be 
grounded must be connected 
to one or more of these. 

Nonmetallic supporting structure (wood pole). 
Guy connection to effective ground (pole ground h 

Guy connection to neutral conductor 
that has at least 4 grounds in each 
mile in addition to service grounds. 

Fig. 092-10. Grounding of guys (Rule 092C2). 
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- Communications Messenger 

Rule 093A 

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 

-K-Q     «      K      K   Q     >      M      «   Q—K       »      K   O—» It It-O—« » >    O     » » It-Q 
•iM^: : <J=fBarbwire strands (if used) must be bonded. 

H Bond fence mesh strands and 
barb wire strands if fence posts are 
nonconducting. 

1. 'Il    o—» 

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—«—x—»—O—»—«—» 

Ground on each side of gate}^^" 

«—x—x—O-*—»—«—O-*—«—x—o 

Fig. 092-12. Fence grounding (Rule 0a2E). 

Bonded barbwire strands. 

Buried jumper across gate. 

Gate bonded with a flexible 
braid. 

Ground on each side of gate. 

Grounding conductor 
connection to fence posts 
(spacing determined by 
IEEE Std. 80 or other 
method).  

Fig. 092-13. Example of fence grounding (Rule 092E). 
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Phase 

Permissible Connecting Methods: 
• Brazing 
• Welding 
• Mechanical 
• Compression 
• Ground clamps 
• Ground straps 

Soldering is NOT acceptable unless 
done in conjunction with lead sheaths 

^ 

Neutral (Grounded conductor) 

-Pole ground 
(grounding conductor) 

-Ground rod 
(grounding electrode) 

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- 
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. 

Short-time ampacity of both bare and insulated conductors can be obtained 
from conductor manufacturers. The charts used to obtain this information are 
typically referred to as short-circuit withstand charts. 

n 

-Bare#6Cu 
Grounding conductor 

<^ 

Short time ampacity: 
Fault current for a specific 
time duration that does not 
melt or damage the conductor. 

-Insulated #6 Cu 
Grounding conductor 

^ 

Short time ampacity: 
Fault current for a specific 
time duration that does not 
melt or damage the conductor. 

Fig. 093-2. Short-time ampacity of bare and insulated grounding conductors (Rule 093C). 
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Short-time ampacity for a single-groimded 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 
required one-fifth ampacity of the secondary neutral. Large secondary services 
require careful application of Rules 093C2 and 093C8. 

In addition to single-grounded and multigrounded system requirements, 
Rule 093C requires AWG No. 12 copper or larger conductors to grouj^^ 
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) 

Single grounded system 
(neutral not used or if used 
not multigrounded) 

Phase conductor 

Phase conductor, 

Grounding conductor- 

Phase conductor 

The short time ampacity is determined by the time current 
characteristics of the fault protective device (fuse, recloser, 
relay, etc.) and the available fault current determined by 
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. 093-3. System grounding conductor for single-grounded systems (Rule 093C1). 
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Fault protective device (e.g., fuse, 
recloser, relay controlled circuit breaker] 

Multigrounded 
A.C. system 

Phase conductor 
Phase conductor 

Neutral conductor 

A 
Phase conductor 

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

Fig. 0934. 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 Stl 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 Si = 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-Si ground rod 
resistance is just that, an assumption. Ground rod resistance will vary by 
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VIOLATION! 
Pole ground must be rated 
at least 1/5 (730A) = 146A. 

-#6 Cu pole ground 
(120A rating) 

Fig. 093-5. Example of pole ground ampacity (Rule 093CZ). 

; nBR -type of soil, moisture in the soil, length of rod, etc. Field measurements ] 
;be taken to determine actual ground rod resistance. 
5 •The mechanical strength of grounding conductors must be suitable to the 
'conditions they are exposed to (i.e., lawn mowers, weed eaters, car bumpers, 
/etc.).;Unguarded grounding conductors must have a tensile strength equal to 
orgreater than AWG No. 8 soft-drawn copper except for conductors noted in 

5Rule:i093C3 (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., 
ina'fenced substation), it does not have to be guarded. Grounding electrodes on 
multigrounded 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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See 
Photo    >***. 

<^ 

Where guarding is not required: 
•Substantially attach grounding 
conductor close to the pole 
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 guards are required: 

•Strong enough for anticipated 
damage. 

•At least 8 feet above ground 
or other surface. 

h> 

—V-''   ^'. .OHH^i'V i >—^^•VJWV-^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 outhned 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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Mr S* I e 

•^^t—I it 

If a metallic guard completely 
encloses the grounding conductor, 

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 Grounding 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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Aluminum grounding conductor 

Aluminum/copper connector to 
transition aluminum grounding 
conductor to copper Tor burlaK 
Aluminum is generally not 
acceptable for burial. 

Copper grounding conductor 

^ 

See 
Photo 

Fig. 093-8. Example of aluminum grounding conductor tran- 
sitioning to copper for burial (Rule 093E5). 
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^   [Example of common 
<sr-igrounding 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 mataji^. 
The driven ground rod is the most commonly used made electrode. Req^P" 
ments for made electrodes are outlined in Figs. 094-4 through 094-11. 

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. 

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. 

Fig. 094-1. Existing electrode—^metallic water piping system (Rule 094A1). 



38 GENERAL SECTIONS Rule 094 

& 

m 
m 
i 

BBH 
& ^A VANVVO/ 

5<^ 

Local (water piping) system: 

•Isolated cold water piping 
system. 

•Verify that parts that can 
become disconnected are 
bonded together. 

•Verify nonmetalic piping Is 
not used. 

^^Private well^^^^ 

^^Submersible pump^^Z 
^in well casing ^^$^ 

.^Mi« 
Fig. 094-2. Existing electrode—local (water piping) system (Rule 094A2). 

Wmmmmmm 
Steel reinforcing bars in concrete 
foundations and footings: 

•Foundation or footing not insulated 
from contact with earth. 

•Buried at least 3' below grade. 

Steel structure on top of foundation 
can be used as a grounding 
conductor when bonded to the 
anchor bolts and reinforcing bars. 

r; 

•?• 

:: 

., , 

Fig. 094-3. Existing electrode—steel reinforcing bars in concrete foundations and footings (Rule 094A3). 

Rule 095 GROUNDING METHODS: SUPPLY & COMMUNICATIONS FACILITIES 39 

9§<Section^ 
^ coupling %/ 
^(optional)# 
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Driven ground rod: 

•May be in sections. 

•Total length not less than 8'. 

•Iron or steel rods must be at least 5/8" 
diameter. 

•Copper-clad, stainless steel, or stainless 
steel-clad must be at least 1/2" diarr^^ 

•Longer rods or multiple rods can be 
used to reduce ground resistance. 

•Spacing between rods not less than 6'. 

•Driven depth must be 8' or more and top 
end must be flush with or below grade or 
suitably protected. 

•Exception: If rock is encountered, then 
driven depth may be less than 8' or 
another type of electrode can be used. 

•Exception: 7.5'of driven depth can be 
used in pad mounted enclosures, 
vaults, etc. 

•Exception: Other rod dimensions and 
configurations may be used to reduce 
ground resistance if supported by a^ 
qualified engineering study. 

Fig. 0944.- Made electrodes—driven ground rods (Rule 094B2). 

095. METHOD OF CONNECTION TO ELECTRODE 

The connection to the grounding electrode must be permanent (except for 
removal due to inspection or maintenance) and be mechanically sound, cor- 
rosion-resistant, and have the required ampacity for the fault current to 
which it will be subjected. Suitable connection methods are shown in 
Fig. 095-1. 

The Code also has specific rules for connecting to steel framed and non-steel- 
framed structures. The connection to water piping systems is also outlined. 
When water piping is used as the grounding electrode, bonds must be made 
around meters or other removable fittings. 

The Code (in Sec. 094, "Grounding Electrodes") does not list gas piping as an 
acceptable electrode. Made electrodes or grounded structures should be separated 
from high-pressure (150 lb/in2 or greater) pipelines containing flammable Uquids 



40 GENERAL SECTIONS Rule 095 

\ 

mmmiimmsiisim 
mmmMmmm^mmmmmm 

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 burled 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). 

Burled strips: 

• Must be 10' total length or longer. 

• Must have total (two sides) surface not less 
than 5 sq. ft., (e.g.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 GROUNDING METHODS: SUPPLY & COMMUNICATIONS FACILITIES 41 

mmmmmmmmmF®^ 
mmmmmmmMmm 1»»^ wF 
••^•iilllil mmmm ^mmmmmmmm s 

Burled plates or sheets: 

• Must have at least 2 sq. ft. of surface 
. exposed to soil.   Therefore, 1 'xl' 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 5' 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). 

•<^ 

Pole butt plates and wire wraps: 

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

' Two of these type of electrodes may be 
counted as one, therefore 8 grounds 
per mile are needed instead of 4 on 
multigrounded systems. 

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

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 09464). 
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VIOLATION! 

Pole butt plates and wire 
wraps can not be the sole 
grounding electrodes at 
transformer locations. A 
ground rod (or other electrode) 
must be added to these poles. 

Fig. 094-9. Made electrodes—butt plates and wire wraps at transformer locations (Rule 094B4a). 

Semiconducting jacket 

I Concentric neutral 
covered with a 
semiconcucting jacket 
(100 m • fior less) 

^H 

Direct burled concentric 
neutral cable: 

•Bare concentric neutral or 
concentric covered with a 
semiconductive jacket 
with a radial resistivity of 
100 m -Q or less. 

• 100'length required. 

•Burial depth per Part 3 
oftheNESC. 

V, - Bare concentric 
neutral on URD cable 

Fig. 094-10. Made electrodes—direct-buried concentric neutral cable (Rule 094B5). 

or gases by a distance of 10 ft or more. No distances are specified for separating 
grounding electrodes from low-pressure gas lines. High-pressure pipelines are 
used as transmission facilities. Low-pressure pipelines are most commonly used 
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Concrete encased electrodes: 

• Wire or rod suitable for burial and concrete encasement. 

•Top of concrete not less than V below grade, 2.5' is 
recommended. 

• Wire not smaller than AWG No. 4 if copper, or 3/8" 
diameter or AWG No. 1/0 if steel. 

• Not less than 20' long inside the concrete. 

• Run as straight as practical. 

• Shorter pieces arrayed similar to a structural footing is 
acceptable. 

• May be more practical or effective than driven rods, 
strips, or plates. 

• Exception: Other lengths and configurations may be 
used per a qualified engineering study. 

Fig. 094-11. Made electrodes—concrete-encased electrodes (Rule 09466). 

to supply natural gas to homes. The requirements for separating grounding elec- 
trodes from high-pressure pipelines are shown in Fig. 095-2. 

Rule 095C requires that the connection to the grounding electrode be free 
from rust, enamel, or scale. This can be done by cleaning or using fittings that 
penetrate such coatings. 

096. GROUND RESISTANCE REQUIREMENTS 

The main intent of Rule 96 is to assure a grounding resistance low enough to 
permit prompt operation of circuit protective devices (e.g., fuses, reclosers, 
relay-controlled circuit breakers). 
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Phase 

Rule 096A 

V 

a 
Neutral (Grounded conductor) 

-Pole ground 
(grounding conductor) 

Permissible Connecting Methods: 
• Clamp fitting 
• Braze 
• Weld 
• Bronze plug tightly screwed 

See 
Photo 

-Ground rod 
(grounding electrode) 

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 £i, 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 £2; 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: 
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57 

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 
as a single unit. HVDC systems 
may require special attention. 

-10' 

m 

?'•-' 

High pressure (> 150 lb./in ) 
pipeline with flammable 
liquid or gas 

Made electrode (ground 
rod) or grounded structure 

Fig. 095-2. Grounding electrode separation from high-pressure pipelines (Rule 09562). 

• 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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i-Pole on distribution line 
12.47/7.2kV, 30, 4W 

Rule 096C 

Secondary service (meter) 
(Ground CANNOT be 
counted)-7 

[H- 

One mile window has 
4 ground per mile 

Transformer pole 
(Ground CAN be 
counted) - 

fi 
Secondary service 
conductor 120/240V, 
10, 3W 

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

3E 
1' • '1 ^ T ^ x i 

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

T 
^ l1 • 'I r T r' 'i 

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 rail 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 

^ 

180° Angular Displacement ^ 

Separate primary and 
secondary grounding 
conductor and grounding 
electrodes for a delta- 
delta bank fed from an 
ungrounded primary 
system.  

Transformer tank- 

Transformer   
mounting bracket 

^^Secondary 
Neutral 

No. 6 Cu 
Insulated 

_l 

Transformer tank 
Transformer tank 

•No. 6Cu 

I Ground^ 
-    rods   - 
I—20'—J 

Electrical Grounding-Diagram 

Fig. 097-1. Example of separate primary and secondary grounding (Rules 097A and 097D1) 
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Common primary and 
secondary neutral 
connected to single 
grounding conductor and 
grounding electrode. 
Single phase transformer 
fed from a multigrounded 
primary system.  

^^> Secondary, 
neutral 

Rule 097 

Transformer 
secondary 
neutral bushing 

- Transformer case 
with case mounted 
arrestor 

• Primary neutral 

No. 6Cu 

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 IN 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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Secondary 
neutral  

Spark gap 
device 
No. 6 Cu 
insulated - 

Separating primary and secondary neutrals for 
stray voltage: 

• Separate primary and secondary grounding 
conductors and grounding electrodes are required. 

• Spark gap device with 60 hertz breakdown voltage 
of 3 kV or less must be used. 

• Grounding electrodes must be 6' apart or mor^ 

• 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. 

I 

"Transformer case 
with case mounted 
arrestor 

- Primary neutral 

Spark gap device 

No. 6 Cu 

Ground 
rods 

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 

Communications 
service conductor 
in conduit- 

Communications grounding 
conductor: 
• Preferably copper or other 

noncorrosive material. 
• Awg #14 minimum size. 
• Attach to grounding electrode with 

bolted clamp or other suitable 
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 sen/ice 
conductor in conduit ^. 

Supply meter/main 

Supply service conduit 
Supply groundini 
conductor 

Supplemental 
communications ground rod Supply ground rod 

Bond not less than AWG #6 Cu 
or equivalent. 

Fig. 099-2. Bonding of communications and supply electrodes (Rule 099C). 



Article 600 — Communications Circuits 

ARTICLE 800 
Communications Circuits 

Summary of Changes 

• Reorguni/ed and renumbered as part of an effort to achieve 
parallel slructure among Articles 770. SIX). 820. and 8.10. 

• 800.2: Definitions liirtiirthtrt. conmiunicatitms circuit ht' 
wgriiyiCI) cahlc. and communications equipment added. 

• 800.24: Removed re(|uiremenl thai the cable must be sup- 
ported by a structural component. Clarification added that 
this section applies to ceilings regardless of which side 
of the ceiling is supporting the cable. Revised to apply 
the ret|iiiicmem of 300.11 to Article 800 cables. 

• 800.I00A(4): FPN added to clarify the requiremenl ol'a 
20 ft maximum grounding conducior in one- and two- 
family dwellings. 

• 800.100(1)): Revised to remove permission to bond to- 
gether a)) separate electrodes. 

• Tuhle 800.113: Deleted multipurpose cable Types MPP. 
MPR. MPG. and MP. 

• Figure 800.154: Revised to delete multipurpose cable 
Types MPP. MPR. MPG. and MP. 

• 800.179: Revised to delete mullipurpose cable Types 
MPP. MPR. MPG. and MP. 

• 800.179)11): Revised to permit a 2-hour fire-rated commu- 
nications circuit integrity cable. 
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liii Ha/ardous (Classitledi Locutions 
iC) Spread of Pire or Pohiucis of Combustion 
lD) pA|uipineni in Other Space Used for 

Knviromiienlal Air 
S(K».IS InstaMation of Bquipinent 
800.21   Access to l:lecirical l:quipmcnt Hehind Panels 

tX-signeil to Allow Access 
8W.24 Mechanical K.\ecuiioti of Work 

11, Wires ami Cables OtitskU* and l:iiiering Buililings 
S(K).44 Overhead Coinniuniciitions Wires ami Cables 

I A) On Poles and In-Span 
(B) Above Roofs 

S(HI.47 Underground Circuits lintering Buildings 
(A) VVith Electric Light or Power Conductors 
iB) Underi!round Block Distribution 

800.50 Circuits Requirini: Primary Prulccloi-s ' 
(A) Insnlaiion. Wires, and Cahles 

(Bl On Biiikiin<is 

(Cj Mulcting Buildings 

800,53 Lichtnins Cimdudots 

III.  Protection 

SIIO.Ml) Ptt>tecti\'e Devices 

(A) Application 

(Bl Location 
(Ci Ha/unlcHiS tClassined) Utcations 

(Dl Seeondarv Protectors 

SI )(1.93 Cahlc Groundiniz 

IV. CimiiiKliiig McihiKls 

8(1(1.1(K) Cahlc and Primarv Protector Cimuntlil 

(A) CiiiHimlinsi Cotnlnctor 

(131 ElcclrnUc 

(Cl Blecltodc Connection 

IDl Botuling of lilcctrodes 

8(K1.I(1(> Primary Protector Oroilililinj: and Hon 

Mobile Homes 
ling at 

(Al Gromiiling 

(Bl Bomling 

V. Communications Wires and Cables Within Ht ildings 
S( 1(1.11(1 Raceways tor Commiinicalit)ns Wites 

Cables 

mil 

8(10,113 Installation and Marking ot' Cummmnc 

Wires and Cables 

atitms 

800,133 Instttllation of Ci>intiiunicatioiis Wites. 

and l:\|uipmcn( 

Citbles, 

(Al Separation from Other Conductors 

(B) Cahlc Trays 

(Cl Support ot' Conductors 

(Dl Wiring in Ducts for Dttst. Loose Slock, 

Removal 

ir Vapor 

8(1(1.154 Applications of Listed Comtmmication s Wires 

and Cahles and Conmmnicalions Raceways 

(Al Plenum 

(Hi Riser 

(CI Dislrilmtini! Frames and Cross-Connect Arrays 

(Dl Cahlc Trays 

(lil Other Wiring Within Buildings 

iKi Hybrid Power and Comnumicatioiis Ci hie 

t'Gl Ctthle Sithstiluiions 

VI.  IJ.sIhu kei|uiretrietits 

81111.17(1 Bquipinenl 

(Al Primarv Protectors 
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Article 800 — Communications Circuits 800.2 

!(•) Type CMX 
(1:J Type CMUC Undercaipet Wire and Cable 
(Gi Multipurpose iMPt Cables 
rlh Communications Circuit Integrity Id) Cable 

(J) Jlybrul Power and Communications Cable 
800.182 Communications Raceways 

(Aj Plenum Communications Raceways 
(B) Riser Communications Raceways 
(C) Genenil-Purpose Citiniiimticatlons Raceways 

Naiinmif fikctrhal Onl* 

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

II. General 

[ 800.1 Scope 
[ This article covers telephone, telegraph (except radio), out- 
[sidc wiring for fire alarm and burglar alarm, and similar 
l central station systems; and telephone systems not connected 
£to a central station system but using similar types of equip- 
[meni. methods of installation, and maintenance. 

peclion 90.3. Code Arrangement, states that Chapter 8. 
Iwhich comprises Articles 800. 810. 820. and 830. covers 
fcommunications systems and is not subject to the require- 
Imenis of Chapters 1-7 except where a requirement from 
Ithese chapters is specifically referenced in Chapter 8. For 
Imslance. 800.44t A)(3) references 223.14(D). 800.90(C) ref- 
[erences Article 300. and 800.3tD) references 300.22(C). 

Although infonnaiion technology equipment systems 
tare often used for or with communications systems. Article 
|800d<K:s not cover wiring of thiscquipmeni. Instead. Article 
•645 provides requirements for wiring contained solely within 
Ian infonnaiion technology equipment (computer) room. (See 
1645.4 for a description of the type of information technology 
Equipment room to which Article 645 applies.) Article 725 
provides requirements for wiring (hat extends beyond a com- 
Iputer room and also covers wiring of local area networks 
tvithin buildings. Article 760 covers wiring requirements for 
|fire alarm systems. 

In some cases, telephone system wiring is also used lor 
•data transmission: this use is covered by Article 8(H). Tele- 
Iphnne companv central offices are exempt from the require- 
Ipems of Article 800 by 90.2(H)(4). The formal of Article 
pOO is similar to thai of Articles 725. 760. 770. and 820. 

Article 830 covers network-powered broadband com- 
Ijnunications svsiems. 
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FPN No. I: For further information for fire alarm, sprin- 
kler wateiflow. 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 Communications 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 a tag. 

The term ahwnlimeil cotninunirai'mns cahlc applies^to 
800.154. which requires removal of accessible abandoned 
communications cable. Abandoned cable increases fire load- 
ing unnecessarily, and. where installed in plenums, it can 
affect airflow. Similar requirements can be found in Articles 
640. 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:l.2.6| 

The definition of air duel was added to the 2005 Code to 
provide a term lo distinguish between electrical 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 metallic members, strength 
members, or jackets. 

Communications Circuit Integrity (Cl) Cable. Cable 
used in communicaiions systems to ensure continued opera- 
tion of critical circuits during a specified lime under fire 
conditions. 

The definition of rommiimVtv/fon.vcm-mV iiuct>riiy [Clf cable 

was added to the 2005 Code lo define a term used in 
S00.179( H). Cl cables are used to maintain comnumications 
ihrouiihout the entire time of an emergency. Such cable 
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Article 800 — Communications Circuits 

is intended 10 ensure the survivability of certain critical 
communications circuits during a fire in a building. 

Communications Equipment The electronic equipment 
that performs the telecommunications operations for the 
transmission of audio, video, and data, and including power 
equipment (e.g., dc converters, inverters and batteries) and 
technical support equipment (e.g., computers). 

The definition of comnnmimlums equipment was added to 
the 2005 Code to clearly define what associated equipment 
is considered part of the communications equipment. The 
definition clearly indicates thai the power supplies and com- 
puters are considered part of ihe communications 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 so is subject to the same requirements. The defini- 
tion correlates with NFPA 76, Recommended Practice for 
the Fire Protection of Telecomnumicutions Facilities. 

Exposed. A circuit that is in such a position that, in case 
of failure of supports and insulation, contact with another 
circuit may result. 

FPN; See Article 100 for two other definitions of Ex-       * 

Point of Entrance. Within a building, the point at which : 

the wire or 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 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, equipment, 
and racewav. 

8003 Olher Articles ' 

(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. ' 

Exhibit 800.1  A private automatic branch exchange, one part 
of telecommunications equipment. 

See 80O.I79(Jj 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: Sec 800.179(J) for hybrid power and communica- 
tions cable in other applications. 

(B) Hazardous (Classified) Locations Communications 
circuits and equipment installed in a location that is classified 
in accordance with Article 500 shall comply with the applica- 
ble requirements of Chapter 5. 

Paragraph 800.3(B)alerts users that communicaiinnscircuits,; 
installed in locations classified in accordance with Article.; 
500 must conform to the applicable requirements orj 
Chapter 5. v      ^ 

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

Section 800.3(0 was revised for the 2005 Code for *&% 
with the definition of abandoned communications cable MM 

Article 800 — Communications Circuits 800.24 

1800.2. Section 800.3(0 requires the removal of accessible 
'abandoned communications cable. Abandoned cable in- 
fcieases fire loading unnecessarily, and. where installed in 

jle'nums. it can affect airflow. Similar requirements can be 
Jbund in Articles 640. 645, 725. 760. 770. 820. and 830. 
[Sec the definition of abandoned communications cable in 
100.2.) 
k^ 

|(D) Equipment in Other Space Used for Environmental 
^Air Section 300.22(C) shall apply. 

[ 800.18 Installation of Equipment 

• Equipment electrically connected to a telecommunications 
t network shall be listed in accordance with 800.170. Inslalla- 
>ttlon of equipment shall also comply with 110.3(B). 

lUL 1863, Communication Circuit Accessories, and UL 
KIQ950. Safety of Informalion Technology Equipment. Part I: 
tpeneral Requirements, are two safety standards that contain 

^quircments for determining whether equipment connected 
Rb a telecommunications network is suitable for the intended 

purpose. Listed equipment that is connected to the telecom- 
mmications network and evaluated according to other U.S. 

pafety standards is also subject to telecommunications re- 
quirements appropriate for the equipment. Examples of this 

•equipment   include   information   technology   equipment. 
liudio-video equipment, and signaling equipment connected 
up a central station. The appropriate requirements contained 
•within the applicable safely standard are extracted from UL 
P63. UL 60950. or both. 
;,..Except for test equipment, all permanently installed 

leleclrical components of the communications network are 
ubject to the listing requirements of 800.170. 

\Exception: This listing requirement shall not apply to test 
\equipment that is intended for temporary connection to a 
| telecommunications network by qualified persons during the 
I course of installation, maintenance, or repair of telecommu- 
tnications equipment or systems. 

0.21 Access to Electrical Equipment Behind 

| Panels Designed to Allow Access 

lAccess to electrical equipment shall not be denied by an 
iaccumulation of wires and cables that prevents removal of 
I Panels, including suspended ceiling panels. 

^n excess accumulation nf wires and cables can limit access 
J equipment by preventing the removal of access panels. 

BSee Exhibit 800.2.) 

^ 

/X /vzxv 
Hung catling 

cavity 

^>X^^^ ^Signal or 
^^^.     y       / telephone 

Method Not Permitted                  ^^s. 

/xxxxxy ^ 
Hung ceiling 

cavity 

IfGSVtl - Signal or 
telephone 

 1 
Method Permitted 

Exhibit 80O.2 Installations of conductors and cables, which can 
prevent access to equipment or cables. Correct and incorrect 
methods are shown. 

800.24 Mechanical Execution of Work 

Communications circuits and equipment 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 requirements 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 to 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, Sumdard for Installing Com- 
mercial Building Telecommunications Cabling, and other 
ANSI-approved installation standards. 
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Exhibit 800.3 An example of punch blocks used on a private 
automatic branch exchange. 

II. Wires and Cables Outside and 
Entering Buildings 

800.44 Overhead Communications Wires 
and Cables 

Overhead communications wires and cables entering build- 
ings shall comply with 800.44(A) and 800.44(B). 

(A) On Poles and In-Span Where communications 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. 

(1) 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. 

(3) Climbing Space The climbing space through commu- 
nications wires and cables shall comply with the require- 
ments of 225.14(D). 

(4) Clearance Supply service drops of0~750 volts running 
above and parallel to communications service drops shall 
have 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 
insulated and that a clearance of not less than 1.0 m (40 in.) 
is maintained between the two services at the pole. 

(B) Above Roofs Communications wires and cables shall 
have a vertical clearance of not less than 2.5 m (8 ft) from 
all points of roofs above which they pass. 

Exception No. I: 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 • 
f/5 in.) shall be permitted if (a) not more than 1.2 m (Aft) 
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. •• 

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

800.47 Underground Circuits 

Entering Buildings 

Underground communications wires and cables entering I 
buildings shall comply with 800.47(A) and 800.47(8). 

(A) With Electric Light or Power Conductors Un- 
derground communications wires and cables in a raceway, | 
handhole enclosure, or manhole containing electric light,! 
power. Class 1, or non-power-limited fire alarm circuit con-; 
ductors shall be in a section separated from such conductors I 
by means of brick, concrete, or tile partitions or by meansj 
of a suitable barrier. 

(B) Underground Block Distribution Where the entirel 
street circuit is run underground and the circuit within the! 
block is placed so as to be free from the likelihood ofl 
accidental contact with electric light or power circuits | 
of over 300 volts to ground, the insulation requirements of l 
800.50(A) and 800.50(C) shall not apply, insulating supportSJ 
shall not be required for the conductors, and bushings shalla 
not be required where the conductors enter the building. %$ 

800.50 Circuits Requiring Primary Protectors 

Circuits that require primary protectors as provided in 800.9M 
shall comply with 800.50(A), (B), and (C). 

(A) Insulation, Wires, and Cables Communications wires! 
and cables without a metallic shield, running from the lasj 
outdoor support to the primary protector, shall be listed. J^ 

(B) On Buildings Communications wires and cables in a^a 

cordance with 800.50(A) shall be separated at least 1001• 
(4 in.) from electric light or power conductors not ^4 
raceway or cable or be permanenUy separated from con ^ 
tors of the other system by a continuous and firmly '^gJ 
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[nonconductor in addition to the insulation on the wires,such 
I as porcelain tubes or flexible tubing. Communications wires 
[and cables in accordance with 800.50(A) exposed to acciden- 
lial contact with electric light and power conductors operating 
|at over 300 volts to ground and attached to buildings shall 
Ibe separated from woodwork by being supported on glass, 
iporcclain. or other insulating material. 

mException: Separation from woodwork shall not be required 
iwhere fuses are omitted as provided for in 800.90(A)(1). or 
mwbere conductors are used to extend circuits to a building 
mfrom a cable having a grounded metal sheath. 

|(C) Entering Buildings Where a primary protector is in- 
Istalled inside the building, the communications wires and 
icables shall enter the building either through a noncombusti- 
Ible, nonabsorbent insulating bushing or through a metal 
[raceway. The insulating bushing shall not be required where 
•the entering communications wires and cables (1) are in 
•metal-sheathed cable. (2) pass through masonry. (3) meet 
Ithc requirements of 800.50(A) and fuses are omitted as 
[provided in 800.90(A)(1). or (A)(4) meet the requirements 

• 800.50(A) and are used to extend circuits to a building 
[from a cable having a grounded metallic sheath. Raceways 
[or bushings shall slope upward from the outside or. where 
[this cannot be done, drip loops shall be formed in the commu- 
[nications wires and cables immediately before they enter 
[the building. 

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

pOO.53 Lightning Conductors 

IWhere practicable, a separation of at least 1.8 m (6 ft) shall 
Be maintained between communications wires and cables 
Kn buildings and lightning conductors. 

IjlL Protection 
K()0.90 Protective Devices 

EA) Application A listed primary protector shall be pro- 
Killed on each circuit run partly or entirely in aerial wire or 
Kcrial cable not confined within a block. Also, a listed pri- 
Bnaiy protector shall be provided on each circuit, aerial or 
•underground, located within the block containing the build- 
mp$ served so as to be exposed to accidental contact with 
Electric light or power conductors operating at over 300 
Colts to ground. In addition, where there exists a lightning 
KJposure. each inlerbuilding circuit on a premises shall be 
Klptected by a listed primary protector at each end of the 
ttpterbuilding circuit. Installation of primary protectors shall 
Ejso comply with 110.3(B). 

Telephone utility companies ordinarily provide primary pro- 
tectors where telephone lines are exposed to lightning. In- 
stallers of private networks thai include inlerbuilding 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 
KPN No. 2 exist. A primary protector is required at each end 
of an inlerbuilding communications circuit where lightning 

exposure exists. 

FPNNo. 1: Onacircuilnoiexposcdtoacctdentalcontacl 
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: Interbuilding circuits are considered 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- 
tallic conduit containing the cable is bonded to each 
building grounding electrode system. 

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

(I) Fuseless Primary Protectors Fuseless-type primary 
protectors shall be permitted under any of the conditions 
given in (A)(1)(a) through (A)(i)(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 than a cable with metallic sheath members, 
and (2) the connections 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-cairying 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 members), 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 grmmded (listed as Grounded. Effec- 
tively) Is defined In Anicle 100. 

(2) Fused Primary Protectors Where the requirements 
listed under 800.90tA)(l)(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 each line conductor and ground, a fuse in scries 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 a primary protector unit 
typically installed in commercial 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 ft) 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 than 9.0 m (30 ft) 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 locauon to achieve' 
the shortest practicable primary protector grounding 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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Exhibit 800.4 A primary protector unit typically installed in cofla 
mercial buildings. This unit is the interface to the outside pianMHI 

tion as defined in Article 500 or in the vicinity of easily - 
ignitible material. *',.' - 

Exception: As permitted in 501.150, 502.150, and 503.150^ 

(D) Secondary Protectors Where a secondary protector is 
installed in series with the indoor communications wire and | 
cable between the primary protector and the equipment,'it.,.;• 
shall be listed for the purpose in accordance with 800.170(B). • 

FPN: Secondary protectors on exposed circuits are not^  ^ 
inlended for use without primary protectors. ,T%. .,£ 

800.93 Cable Grounding 

The metallic sheath of communications cables entcnog^j 
buildings shall be grounded as close as practicable to fl 
point of entrance or shall be interrupted as close to the P010,^ 
of entrance as practicable by an insulating joint orcquiv*1^^ 

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

2005    National Electrical Code H^ 

|£xhlbit 800.5 An example of 
Applications of listed communi- 
Ipitions cables. 

Plenum or other 
space used for 
environmental 

(T) CMP 
(not in conduit) 

(DCMR 
(not In conduit) 

(DCMR 
(in conduit only 
in plenum) 

©CM.CMG 
(not in conduit 
and not in same 
penetration as 
riser cables) 

Primary protector 
(as close as practicable 
to cabte entrance) 

Grounding Methods 
1.100 Cable and Primary Protector 

IG rounding 

be metallic members) of the cable sheath, where required 
' be grounded by 800.93, and primary protectors shall be 

Igroiinded as specified in 800.100(A) through 800.100(D). 

|A) Grounding Conductor. 

P) Insulation The grounding conductor shall be insulated 
Ud shall be listed as suitable for the purpose. 

P) ^Material The grounding conductor shall be copper or 
pher corrosion-resistant conductive material, stranded or 
m. 

K?) Size The grounding conductor shall not be smaller than 
IjjXWG. 

p) Length The primary protector grounding conductor 
Ipall be as short as practicable. In one- and two-family 
fellings, the primary protector grounding conductor shall 

r 35 short as practicable, not to exceed 6.0 m (20 ft) in 
Iggth. 

pone- and two-family dwellings. 80().I0()(A)(4) restricts 
Erlehgth of the primary protector grounding conductor to 

t-This restricted conductor length reduces the impedance 
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of ihe grounding conductor, resulting in a lower potential 
difference between the communications system conductors 
and equipment and the electrical conductors and equipment 
in ihe building. The low impedance bonding connection will 
reduce the fire hazard and shock hazard to persons in the 
event that electric utility power lines come in conlacl with 
communications conductors. Section 800.100(D) requires 
bonding of communications and power grounding electrodes 
at the same building or structure. 

See the commentary following 250.52(A)(1) for infor- 
mation on water pipes as grounding electrodes. 

FPN: Similar grounding conductor length limitations ap- 
plied at apartment buildings and commercial buildings 
help to reduce voltages that may be developed between 
the building's power and communications systems during 
lightning events. 

When the 20-ft limitation was instituted in the 2002 Code. 
the predominant application was in one- 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 facilities. The FPN to 
800.100(A)(4) provides guidance for the ireatmeni of the 
table and primary protector grounding conductor length at 
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upardnenl ;md comnicrcial huildings thai is consistent with 
the 20-fl rule for one- and two-tamily dwellings. However, 
a specific length is not specified in the Oxlf because such 
a length limitation may not be practical in some installations. 

Eixception: 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. IOOiB)(2)(2) shall be driven, the 
primary protector shall be grounded to the communications 
ground rod in accordance with 800.100(C), and the commu- 
nications ground md shall be bonded to the power growuiing 
electrode system in accordance with 800. J 00(D). 

(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(8X1) 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 

(2) 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 
(7) 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 

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(3)(1). the grounding conduc- 
tor shall be connected to either of the following: 

(!) To any one of the individual electrodes described {M 

250.52(A)(1). (A)(2). (A)(3), or (A)(4) 
(2) If the building or structure served has no grounding 

means, as described in 800. IO0(B)( 1) or (B)(2)( I). to anl 
effectively grounded metal structure or to a ground rodl 
or pipe not less than 1.5 m (5 ft) in length and 12.7 miJS 
C/2 in.) in diameter, driven, where practicable, into perj 
manently damp earth and separated from lightning cotS 
ductors as covered in 800.53 and at least 1.8 m (6 ftw 
from electrodes of other systems. Steam or hot walfia 
pipes or air terminal conductors (lightning-rod conducj 
tors) shall not be employed as electrodes for protectoisT 

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

(I)) Bonding of Electrodes A bonding jumper not smallql 
than 6 AWG copper or equivalent shall be connected betweerm 
the communications grounding electrode and power grounda" 
ing electrode system at the building or structure served wheru 
separate electrodes are used. 

Exception: At mobile homes as covered in 800.106. 

FPNNo. I: See250.60foruseofairterminals(lightnmg 

FPN No. 2: Bonding together of all separaie electrodes 
limits potential differences between them and between 
their associated wiring systems. 

800.106 Primary Protector Grounding and 

Bonding at Mobile Homes 

(A) Grounding Where there is no mobile home service! 
equipment located in sight from, and not more than 9.0jM 
(30 ft) from, the exterior wall of the mobile home it servc^f 
or there is no mobile home disconnecting means grounded! 
in accordance with 250.32 and located within sight fromj 
and not more than 9.0 m (30 ft) from, the exterior wall offl 
the mobile home it serves, the primary protector grounw 
shall be in accordance with 800.100(B)(2)- 

(B) Bonding The primary protector grounding terminal ow 
grounding electrode shall be bonded to the metal fnuncow 
available grounding terminal of the mobile home withal 
copper grounding conductor not smaller than 12 AWG UIK^B 

either of the following conditions: 

(1) Where there is no mobile home service equipment^ 
disconnecting means as in 800.106(A) 

(2) Where the mobile home is supplied by cord and plj-jja 

V. Communications Wires and Cables 
Within Buildings 

Data circuits between computers are classified as Cl^j 
circuits. In a typical office environment consisting ofag^ 
of computers connected lo a local area network, data wgjj| 

Article 800 — Communications Circuits 800.133 

Sis-prevalent as telephone wiring. One common way to 
nimize the amount of cabling is to run the telephone and 

KSlf circuits in the same cable, as illustrated in Exhibit 800.6. 
•gtion 725.56(D) requires that either a communications 

^ggje.or a multipurpose cable be used for this purpose. 

isted outlet 
immunicalions 

essory) 

communica Irons 
cable 

telcommunicatJons 

Exhibit 800.6 An example of telephone and data circuits in the 
Bsame cable. 

0.110 Raceways for Communications 
[Wires and Cables 

Wftiere communications wires and cables are installed in a 
Ktcewav. the raceway shall be either of a type permitted in 
BBhapter 3 and installed in accordance with Chapter 3 or a 

ijisted nonmetallic raceway complying with 800.182. and 
•installed in accordance with 362.24 through 362.56. where 
Eie requirements applicable to electrical nonmetallic tubing 

WgSCeption: Conduit fill restrictions shall not apply. 

JP.113 Installation and Marking of 

I^ommunications Wires and Cables 

HUsted communications wires and cables and listed mullipur- 
p2?e cables shall be installed as wiring within buildings. 
JSommunications cables and undercarpet communications 
I&res shall be marked in accordance with Table 800.113. 
m& cable voltage rating shall not be marked on the cable 

jjjon the undercarpet communications wire. 

- FPN: Voltage markings on cables may be misinterpreted 
I to suggest that the cables may be suitable for Class 1. 

R^clcctric light, and power applications. 

Table 800.113 Cable Markings 

Cable Marking Type Reference 

CMP 

CMR 

CMC 

CM 

CMX 

CMUC 

Communications 
plenum cable 

Communications 
riser cable 

Communications 
general-purpose 

Communications 
general-purpose 

Communications 
cable, limited use 

Undercarpet 
communications 
wire and cable 

800.179(A) and 
800.154(A) 

800.179(B) and 
800.154(B) 

800.179(C) and 
800.154(D) and 

(E)(1) 
800.179(D) and 
800.154(D) and 

(E)(1) 
800.179(E) and 

800.154(E)(2). (3), 
(4). and (5) 

800.179(F) and 
800.154(E)(6) 

FPN No. 1: Cable types are listed in descending order 
of fire resistance rating. 
FPN No. 2: See the referenced sections for permitted 

ExceptionNo. 1:  Voltage markings shall be permitted where 
the cable has multiple listings and voltage marking is re- 
quired for one or more of the listings. 

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 75 m (50 ft) 
and the cable enters the building from the outside and is 
terminated 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 
as enclosures for splicing or terminating telephone cables, 
FPN No. 2 to Exception No. 2: This exception limits 
the length of unlisted outside plant cable to 15 m (50 ft), 
while 800.90(B) requires that the primary protector be 
located as close as practicable to the point at which 
the cable enters the building. Therefore, in installations 
requiring a primary protector, the outside plant cable may 
not be permitted to extend 15 m (50 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 

Communications wires and cables from the protector to the 
equipment or, where no protector is required, communica- 
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 net work-powered broad- 
band communications circuits covered by Article 830, 
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800.133 Article 800 — Communications Circuits 

(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 comphance 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 communica- 
tions circuits in compliance with Article 830 

(b) Class 2 and Class 3 Circuits. Class I 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 
article. 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 
shall not be required to be classified as communications cable. 
The fire-resistance rating oftfie composite cable shall be de- 
termined by the perfonnance of the composite cable. 

(c) Electric Light, Power, Class 1. 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 I, non-power-limited fire alarm, or medium power net- 
work-powered broadband communicalions circuits. 

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

'Phis exception recognizes the use ol'a listed field-installed 
divider to separate the communicalions circuits from the 
power circuits. 

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

ductors are introduced solely for power supply to communim 
cations equipment. The power circuit conductors shall be§ 
routed within the enclosure to maintain a minimum of 6M 

mm (0.25 in.) separation from the communications circuitm 
conductors. 

Exception No. 3: As permitted by 620.36. 

(2) Other Applications Communications wires and cables! 
shall be separated at least 50 mm (2 in.) from conductors! 
of any electric light, power, Class 1. non-power-limited! 
fire alarm, or medium power network-powered broadband! 
communications circuits. 

Exception No. 1: Where either (I) all of the conductors o/! 
the electric light, power, Class 1, non-power-limited firt* 
alarm, and medium power network-powered broadbandm 
communications circuits are in a raceway or in metalM 
sheathed, metal-clad, nonmetallic-sheathed. Type AC, orM 
Type UF cables, or (2) all of the conductors of communicaM 
tions circuits are encased in raceway. 

Exception No. 2: Where the communications wires and caM 
bles are permanently separated from the conductors ofelecm 
trie light, power. Class 1. non-power-limited fire alarm, arum 
medium power network-powered broadband communicaf 
tions circuits by a continuous atuJfirmly fixed nonconductorM 
such as porcelain tubes or flexible tubing, in addition to them 
insulation on the wire. • 

(B) Cable Trays Types CMP. CMR. CMC. and CM cowM 
munications cables shall be permitted to be installed in cablu 
trays. Communicalions raceways, as described in 800.1799 
shall be permitted to be installed in cable trays. 

Exhibit 800.7 shows overhead ladder-type cable trayjjwjj 
contains communicalions cables. 

(C) Support of Conductors Raceways shall be used fjjrfl 
their intended purpose. Communications cables or wi^M 
shall not be strapped, taped, or attached by any meansi^ 
the exterior of any conduit or raceway as a means of support 

See 800.21 and 800.24. which require that communicalS 
cable be supported by the building structure in such a m&n^ 
that it will not be damaged by ordinary building use.J 

Exception: Overhead (aerial) spans of communications c^ 

bles or wires shall be permitted to be attached to the ^^m 
of a raceway-type mast intended for the attachment SjjSM 

support of such conductors. 

in some instances, the only way to achieve the Pr0PerjH 
ance above roadways, driveways, or structures is by ugj 
a mast. The exception to 800.133(C) permits overheadgg} 

Article 800 — Communications Circuits 800.154 

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

MfKommunications cable to be attached to the exterior of a 
iceway-lype mast only if the mast is installed to support 

sommunicatiuns cable. Section 230.28 prohibits the attach- 
Btnent of communicalions cable to a service mast. 

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

[800.154 Applicationsof Listed Communications 
Bffires and Cables and Communications 

JRacewavs 

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

Jjfote that the length of unlisted outsidc-plant cable permitted 
l^building depends on the location of the primary protec- 

|ih accordance with 800.90(B) and 800.113(C). Excep- 

I^Section 800.154(A) covers listed plenum communica- 
Ekns raceways. These raceways provide limited mechanical 

jBtection and ease of installation, but they are limited to 
EXge-CMP pienum-rated cable if installed in ducts and ple- 

iSection 800.154(B) covers riser raceways. Riser race- 
j^p provide limited mechanical protection and ease of 
IgJIJlaiion. but they are limited lo Type CMP plenum-rated 
IpiOr Type CMR riser-rated cable if installed in risers. 

IBM? 800.154 lists ihe permitted uses of field applications 
^arious cable types. 

jl^} Plenum Cables installed in ducts, plenums, and other 
^pes used for environmental air shall be Type CMP. Aban- 

doned cables shall not be permitted to remain. Types CMP. 
CMR. CMC, CM, and CMX and communicalions 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: See 8.14.1 of NFFA 13-2002. Installation of Sprin- 
kler Systems, for requirements for sprinklers in concealed 
spaces containing exposed combustibles. 

(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 penetrating 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, CMC, 
and CM communications cables shall be used in distributing 
frames and cross-connect arrays. 

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

(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 CablesshallbeTypeCMGorTypeCM.Listed 
communicalions general-purpose raceways shall be permit- 
ted. Only Types CMC, 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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Article 800 — Communications Circuits Article 800 — Communications Circuits 800.179 

(3) Nonconcealed Spaces Type CMX communications 
cable shall be permitted to be installed in nonconcealed 
spaces where the exposed length of cable does not exceed 
3 m (10 ft). 

(4) One-and Two-Family Dwellings TVpe 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. 

(5) Multi-Family Dwellings Type CMX communications 
cable less than 6 mm (0.25 in.) in diameter shall be permitted 
to be installed in nonconcealed spaces in multi-family dwell- 
ings. 

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

(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. 

(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. 

Table 800.154 Cable Substitutions 

Cable 
TVpe Use 

Permitted 
References    Substitutions 

CMR CMP Communications        800.154(B) 
riser cable 

CMG, CM    Communications      800.154(E)(1)    CMP, CMR 
general- 
purpose cable 

CMX Communicalions 800.154(E)      CMP, CMR, 
cable, limited CMG, CM 

FPN: See Figure 800.154. Cable Substitution Hierarchy. 

FPN; For information on Types CMP, CMR, CMG, CM, 
and CMX cables, see 800.179. 

VI. Listing Requirements 
800.170 Equipment 

Communications equipment shall be listed as being suitable 
for electrical connection to a telecommunications network. 

FPN: One way to determine applicable requirements is 
to refer to UL 1950-1993. Standard for Safety of Informa- 
tion Tecfmology Equipment, Including Electrical Busi- 
ness Equipment, third edition; UL 1459-1995, Standard 
for Safety, Telephone Equipment, third edition; or UL 
1863-1995, Standard for Safety. Communications Circuit 
Accessories, second edition. For information on listing 
requirements for communications raceways, see UL 
2024-1995, Standard for Optical Fiber Raceways. 

Dwellings 

Type CM—Communications cables 

[A] Cable A shall be permitted to be used in place of cabte B 

Figure 800.154 Cable Substitution Hierarchy. 

(A) Primary Protectors The primary protector shall con-| 
sist of an arrester connected between each line conductorjj 
and ground in an appropriate mounting. Primary protectou 
terminals shall be marked to indicate line and ground a 
applicable. , , ^ 

FPN: One way to determine applicable requirements for 
a listed primary-protector is to refer to ANSI/UL 497- 
1995. Standard for Protectors for Paired Conductor, 
Communicalions Circuits, *>  -&§ 

(B) Secondary Protectors The secondary protectorsl 
be listed as suitable to provide means to safely limit currentil 
to less than the current-carrying capacity of listed indoota 
communications wire and cable, listed telephone set line^ 
cords, and listed communications terminal equipment havings 
ports for external wire line communicalions circuits. Anyl 
overvoltage protection, arresters, or grounding connechons 
shall be connected on the equipment terminals side of the| 
secondary protector current-limiting means. 

FPN: One way to determine applicable requirements for 
a listed secondary protector is to refer to UL497A-I996, 
Standard for Secondary Protectors for Commuiucations \M 
Circuits. 

800.173 Drop Wire and Cable 

Communications wires and cables without a m^tauJJ 
shield, running from the last outdoor support to the priinafW 
protector, shall be listed as being suitable for the pUI'0H| 
and shall have current-canying capacity as specific0^ 
800.90(A)(1)(b) or (A)(1)(c). 

800.179 Communications Wires and Cables j- 

Communications wires and cables shall have a vo"aSeIf .C;! 
of not less than 300 volts and shall be listed in aco 
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ordangl 

F^, 800.179( A) through 800.179(1). Conductors in commu- 

rcations cables, other than in a coaxial cable, shall be 

Ipper. 

Sion 800.179 requires a rating of 300 volls for the fnlluw- 

•easons: 

JTo coordinate with protector installation requirements 
i(i.e., protectors are not required within a block unless 
1 the cable is exposed to over 300 volts) 
lib recognize the fact that primary protectors are de- 
Jsigned to allow voltages below 300 to pass 
ETo accommixlale the voltages ordinarily found on a 
ftelephone line (48 volls dc plus ringing voltage up to 

|)30 volts mis) 
gb permit communications cable to substitute for 300- 
TOlt power-limited firc-protcclive signaling cable 

j^FPN: See 800.170 for listing requirement for equipment. 

Kv Type CMP Type CMP communications plenum cable 
Shall be listed as being suitable for use in ducts, plenums, 
Ki other spaces used for environmental air and shall also 

listed as having adequate fire-resistant and low smoke- 

roducing characteristics. 

EBhecommentary following 725.82(A). FPN. for informa- 
ubn a tcsl mclhrnl for wires and cables to be installed 

Shout raceways in plenums and other spaces used for 

wironmental air. 

r;FPN: One method of defining a cable that is low smoke- 
|'producing cable and fire-resistant cable is that the cable 
I exhibits a maximum peak optical density of 0.5 or less. 
t aa 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, Slandard Method 
r of Test for Flame Travel and Smoke of Wires and Cables 
|/or Use in Air-Handling Spaces. 

I'Type CMR Type CMR communications riser cable 
fell be listed as being suitable for use in a vertical run in 
jjhaft or from floor to floor and shall also be listed as 
feing fire-resistant characteristics capable of preventing 

fccanying of fire from floor to floor. 

|thecommentary following 725.82(B). FPN. for informa- 

jlon a test for defining fire-resistant characteristics capa- 
SEf preventing fire spread from floor to floor. 

J FPN: One method of defining fire-resistant characteris- 
fttics capable of preventing the carrying of fire from floor 
^ to floor is that the cables pass the requirements of ANSI/ 
JUL 1666-2002, Standard Test for Flame Propagation 
I Height of Electrical and Optical-Fiber Cable Installed 
* Vertically in Shafts. 
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(C) Type CMG Type CMG general-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. 

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

FPN: One method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m 
(4 ft II in.) when performing the vertical flame test for 
cables in cable trays, as described in CS A C22.2 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 general-purpose communications 
use, with the exception of risers and plenums, and shall also 
be listed as being resistant to the spread of fire. 

Sec the commentary following 725.82(D), FPN. for informa- 
tion on lest methods for determining whether cable is resis- 

tant lo the spread of fire. 

FPN; One method of defining resistant lo 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 resistant 
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-I985, Test Method for Electrical Wires 
and Cables. 

(E) Type CMX Type CMX limited-use communicalions 
cable shall be listed as being suitable for use in dwellings 
and for use in raceway 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-I 
(vertical-wire) flame test in ANSI/UL 1581-1991. Refer- 
ence Slandard for Electrical Wires. Cables ami Flexible 

(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-I 
(vertical-wire) flame test in ANSI/UL 1581-1991. Re/er- 
ence Standard for Electrical Wires. Cables and Flexible 
Cords. 

(G) Multipurpose (MP) Cables Until July 1,2003, cables 
that meet the requirements for Types CMP, CMR, CMG, 
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BOO. 182 Article 800 — Communications Circuits 

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 deleiion of stranding requirements for lire alarm cable 
rcsulied in an increased number of copper comtnunicaiions 
cables, such as Types MPP. MPR. MPG. and MP. that qualify 
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 "CI." 

FPN: One method of defining circuit integrity (CI) cable 
is by establishing a minimum 2-hour fire resistance 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 ANS1/UL 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) 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 Metliodsfor Electrical Wires 
and Cables. 

(J) Hybrid Power and Communications Cable Listed 
hybrid power and communications cable shall 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: 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 ANS1/UL 1581- 
1991. Reference Standard for Electrical Wires. Cables 
and Flexible Cords. Another method of defining resistant 
to the spread of fire is for the'damagc (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. 

800.182 Communications Raceways 'J 

Communications raceways shall be listed in accordance wi3 
800.182(A) through 800.182(C). 

(A) Plenum Communications Raceways Plenum conS 
munications raceways listed as plenum optical fiber racjS 
ways shall be permitted for use in ducts, plenums, and othel 
spaces used for environmental air and shall also be listed! 
as having adequate fire-resistant and low smoke-producingi 
characteristics. 

FPN: One method of defining that an optical fiber race- 
way is a low smoke producing raceway and a fire- 
resistant raceway is that the raceway exhibits a maximum i 
peak optical density of 0.5 or less, an average optical il 
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 the plenum test in UL 2024. Standard for Optical 
Fiber Cable Raceway. 

(B) Riser Communications Raceways Riser communical 
lions raceways shall be listed as having adequate fires 
resistant characteristics capable of preventing the cairyingl 
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 raceways pass the requirements of the 
test for Rame Propagation (riser) in UL 2024, Standard J 
for Optical Fiber Cable Raceway. 

(C) General-Purpose Communications Raceways Gen! 
eral-purpose communications raceways shall be Listedjan 
being resistant to the spread of fire. 

The  communications  raceways  covered   in   800.182j 
through (O are lisied raceways used in plenum, rise• 
general-purpose applications. This listing includes racev^J 
;ind fillings lor the installaiion of conmumicaiions cablajffl 
accordance with Article 800. These raceways are notsuitajwj 
for installation of wires, cords, or cabling with or witn^| 
communications members. 

A raceway marked •"plenum"  is suitable fof-i^L 
ducts, plenums, or other spaces used for environmenuj^ 
in accordance with 800.154(A) when used to enclose^ni 
munications cable marked CMP. This raceway exhtej 
maximum peak optical density of 0.5. a maximum aSSS 
optical density of 0.15. and a maximum flame-spfeaagLi 
tance of 5 ft when tested in accordance with UU^jy| 
Standard for Optical-Fiber Cable Raceway. This nig 
is identified by a marking on its surface or on a m{inj§flj|g 
indicating "plenum." A raceway marked "'plenum . 
suitable for installation in risers when used to enclo^ 
munications cable marked CMP or CMR; for g"jg3 
purpose use when used to enclose cumniuincalio^^jl 

marked CMP. CMR. CMC. or CM: and for dwellingS||l 
used to enclose communications cable marked C^lf^jp 'mM 

CMC. CM. or CMX. 

Article 810 — Radio and Television Equipment 810.1 

|A raceway marked "riser" is suitable for installation 
jlileis in accordance with 800.154(B) when used to enclose 

Plnmunications cable marked CMP or CMR. This raceway 
"fire-resistant characteristics capable of preventing the 

Swing of fire from floor to floor, and it meets the test 
Suirements of UL 2024. Standard for Optical-Fiber Cable 

ffisgjpqy. This raceway is identified by a marking on its 
^Race or on a marker lape indicating "riser." A raceway 

jffced "riser" is also suitable for general-purpose use when 
So to enclose communications cable marked CMP, CMR. 
MG, or CM. and for dwellings when used to enclose com- 

Snications cable marked CMP. CMR. CMC. CM. or CMX. 
R' raceway marked "general purpose" is suitable for 

iSallation in general-purpose areas in accordance with 
fl54(D) when used to enclose communications cable 

S«d CMP. CMR. CMC. or CM. and for dwellings when 
uagHo enclose communications cable marked CMP. CMR, 

iSb/CM, or CMX. 
Tpliable raceway is raceway that can be bent by hand 

utHbut'the use of tools. The smallest radius of the curve 
jjiffthe inner edge of any bend to which the raceway can be 
entwithout cracking either on the outer surface or internally 
jflfot less than 2'/^ times ihe outside diameter of the raceway. 

S-FPN: One method of defining resistance to the spread 
Zaffire is that the raceways pass the requirements of the 
J Vertical-Tray Flame Test (General Use) in UL 2024. 
f Standard for Optical Fiber Cable Raceway. 

ARTICLE 810 
iRadio and Television Equipment 

Egntents 
E.Gercra 
K, 810.1 Scope 
• • 810.2 Definitions 
K ;,8i(U Other Articles 
K •,810.4 Community Television Antenna 
B ; 810.5 Radio Noise Suppressors 

t Receiving Equipment—Antenna Systems 
810.11 Material 
810.12 Supports 
810.13 Avoidance of Contacts with Conductors of 

Other Systems 
810.14 Splices 
810.15 Grounding 
810.16 Size of Wire-Strung Antenna—Recei\ 

Station 
ing 

r    (A) Size of Antenna Conductors 
*"   (B) Seif-Supporting Antennas 

810.17 Size of Lead-in—Receiving Station 
X10.18 Clearances—Receiving Stations 

(A) Outside of Buildings 
(B) Antennas and Lead-ins—Indoors 
IC) 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. 
IC) Grounding 

810.21 Grounding Conductors—Receiving Stations 
(A) Material 
(B) Insulation 
(C) Supports 
(D) Mechanical Protection 
(E) Run in Straight Line 
(Fj Electrode 
(G) Inside or Outside Building 
(H) Size 

(11 Common Ground 
(Jj Bonding of Electrodes 

(K'l Electrode Connection 
111. Amateur Transmitting and Receiving 

Stations—Antenna Systems 
S 10.51  Other Sections 
810.52 Size of Antenna 
810.53 Size of Lead-in Conductors 
810.54 Clearance on Building 
810.55 Entrance to Building 
810.56 Protection Against Accidental Contact 
810.57 Antenna Discharge Units—Transmitting 

Stations 
810.58 Grounding Conductors—A matcur Transmitting 

and Receiving Stations 
(A) Other Sections 
(Bl Size of Protective Grounding Conductor 
(Cl Size of Operating Grounding Conductor 

IV. Interior Installation—Transmitting Stations 
810.70 Clearance from Other Conductors 
810.71   General 

(A) Enclosing 
(B) Grounding of Controls 
(Cl Interlocks on Doors 

I. General 
810.1 Scope 
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 
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760.82 Article 770 — Optical Fiber Cables and Raceways Article 770 — Optical Fiber Cables and Raceways 770.2 

(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- 
cal circuit protective system shall be considered to meet the 
requirements of survivability. 

FPN No. 1: Fire alarm circuit integrity (CI) cable and 
electrical circuit protective systems may be used for fire 
alarm circuits to comply with the survivability require- 
ments of NFPA 72*-2002, National Fire Alarm Code9, 
6.9.4.3 and 6.9.4.6. that the circuit maintain its electrical 
function during fire conditions for a defined period of 

FPN No. 2: One meihod of defining circuit integrity (CI) 
cable is by establishing a minimum 2-hour fire resistance 
rating for the cable when tested in accordance with UL 
2196-1995. Standard for Tests of Fire Resistive Cables. 

There are provisions in NFPA 72. National Fire Alarm Ci/tle. 
that require continued aperulinn of the fire alarm system, 
including circuil wiring, under severe conditions such :is 
attack by lire. To provide this integrity. NFl'A 72 rccogni/cs 
the use of 2-hour ilre-raled cable assemblies, FPN No. 2 to 
760.82(G) refers to cables tested in accordance with UL 
2196. Suindanl for Tests for Fire Resistive Cables, as an 
example of the type of wiring meihod that would qualify as 
circuil iniegriiy (CI) cable. For one such example of CI 
cable, see Kxhihil 760.5. 

Low-smoke flame- 
retardant jacket 

Eleclrical-grade 
ceramiliable silicons 

\ 

/      / 
^Stes, 

Foil shield   Fire barrier tape     Drain wire 

Exhibit 760.5 Circuit integrity cable. (RedrawncourtesyolRock- 
beslos-Suprenant Cable 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 

(1) Cable Marking The cable shall be marked in accJl. 
dance with Table 760.82(1). The voltage rating shall not \M 
marked on the cable. Cables that are listed for circuit inteeriha 
shall be identified with the suffix CI as defined In 760.82frv 

FPN: Voltage ratings on cables may be misinterpreted 
to suggest that the cables may be suitable far Clasj I 
electric light, and power applications. 

Exception: Voltage markings shall he permitted where ttiM 
cable has multiple listings and voltage marking is requireM 
for one or more of the listings. 

Table 760.82(1) Cable Markings 

Cable Marking Type 

FPLP Power-limited fire alarm plenum cable 
FPLR Power-limited fire alarm riser cable 
FPL Power-limited fire alarm cable       .. 

Note: Cables identified in 760.82(D). (E). and (F) as mctting tie -. 
requirements for circuil integrity shall have the additional classi&a-l 
rion using the suffix "CI" (for example, FPLP-CI. FPLR-CI. and 
FPL-C1). 

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

(J) Insulated Continuous Line-iype Fire Detectors Infl 
sulated continuous line-type fire detectors shall be rated inl 
accordance with 760.82(C), listed as being resistant to thel 
spread of fire in accordance with 760.82(D) througha 
760.82(F), marked in accordance with 760.82(1), and thjl 
jacket compound shall have a high degree of abrasion resislj 

ARTICLE 770 
Optical Fiber Cables and Raceways 

Summary of Changes 
• General resirucmrinc of Article 770 lo make ilconligjj 

wilh Articles X()(l. 820. and 830. 

• 770.12: Complelely revised wording of 770.6,ofMJ 
A'ECln beamie 770.12. Secliim 770.12(C) accepts^ 
optical llher raceway.s as innerducl. 

• 770.12(1)):  Revised lo require fircslopping of,mI| 
outside plant innerducl at the point of entrance lo a; 
ing or structure. 

• 770.113. Kxccplion No. 2: Revised tospecificallyKS| 
the types of Chapter 3 raceways permitted to 
with unlisted nonconductive optical fiber cables en^^|J 
a bnildini! from the outside. 

jtj70.U3(A l: Revised to permit Type 1TC cable to be mixed 
kith nonconductive optical fiber cables in the same race- 

L-able trav. 

•;: 

Cantents 
'l Gownil 
'lj 770.1 Scope 

7702 Definitions 
770.3 Other Articles 

(A} Spread of Fire or Products of Combustion 
(H) Oucts, Plenums, and Other Air-Handling 

Spaces 
770.(i Optical Fiber Cables 

fcd 770.9 Types 
(AI Nonconductive 
l'B) Conductive 
(C) Composite 

p ,770.12 Kaceways for Optical Fiber Cables 
(A) Listed Chapter 3 Raceways 
(BJ Optical Fiber Raceways 
(C) Innerducl 
(Dj Kntering Buildings 

1^770.21 Access to Electrical Equipment Behind Panels 
K Designed to Allow Access 
vi 770,24 Mechanical Execution of Work 

11. Ptnleclion 
1^770.93 Grounding of Entrance Cables 
Ul. Cables Within Buildings 

fe 770.1)3 Installation and Marking of Listed Optical Fiber 
j L'abies 

|^770.133 Installation of Optical Fibers and Electrical 
Conductors 

l A) With Conductors for Electric Light, Power, Class 
t. Non-Power-Limited Fire Alarm. 
nr Medium Power Network-Powered 
broadband Communications Circuits 

(B) With Other Conductors 
(C) Grounding 

|770J54 Applicaiions ol Listed Optical Fiber Cables and 
Kaceways 

(A) I'lcmims 
(Hi Riser 

(Ci Other Wiring Within Buildings 
flJi Mazardmis (Classified) Locutions 
(Hi Cable Trays 
IF) Cable Subsiiiutions 

-, LiMinj! kecjuiicmenb 
IpO.!^ Optical Fiber Cables 

(Al IVpes OI-NDami OFCD 

IB) Types OFNR and OFCR 
IC) Types OFNG and OFCG 
ID) Types OFN and OFC 

770.182 Optical Filler Racewavs 
(A) Plenum Optical Fiber Raceway- 
(B) Riser Optical Fiber Raceway 
(Cl General-Purpose Optical Fiber Cable 

Raceway 

I. 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. 

Article 770 permits the orderly developmeni and use of l 
optical liber technology in conjunciion with electrical con- 
ductors for communications, signaling, and control circuits 
in lieu of metallic conductors. The most common optical 
liber cable used in buildings is nonconductive. (See Bxhibil 
770.1.) 

Because they arc nol affected by electrical noise, optical 
llher cables may be desirable in some circumstances to irans- 
mii data or oilier comnumicanons where electrical noise is 
a problem. Optical fiber cables may he nonconductive. or 
they may contain electrical conductors. See Exhibits 770.1 
and 770.2. 

Exhibit 770.1  An example of a nonconductive optical fiber cable. 

770.2 Definitions 

Abandoned Optical Fiber Cable. Installed optical fiber 
cable that is not terminated al equipment other than a connec- 
tor and not identified for future use with a tag. 
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770.3 Article 770 — Optical Fiber Cables and Raceways Article 770 — Optical Fiber Cables and Raceways 770.113 

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

The definition of aba/idoned 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, ii 
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- 

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

Point 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. 

(B) Ducts, Plenums, and Other Air-Hand 
The requirements of 300.22 for electric wiring's 
apply to installations of optical fiber cables and^ 
where they are installed in ducts or plenums or c 
used for environmental air. 

Exception: As permitted in 770.154(A). 

See the commeniary following 300.22(B) andl 
for more information on wiring systems installeT 
plenums, or other spaces used for environment^ 

770.6 Optical Fiber Cables 

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

770.9 Types 

Optical fiber cables can be grouped into three t 

(A) Nonconductive These cables contain ndl 
members and no other electrically conductive mata 

(B) Conductive These    cables    contain 
carrying conductive members such as metallic stren^ 
bcrs, metallic vapor barriers, and metallic amorfSmffi 

(C) Composite These cables contain optical fibere 
rent-carrying electrical conductors, and shall bejwrmAa 
to contain non-current-carrying conductive meinbe 
as metallic strength members and metallic vapoflD 
Composite optical fiber cables shall be classified a 
cables in accordance with the type of electrical colif 

770.12 Raceways for Optical Fiber Cabled 

Installations of raceways shall comply withf^ft 
through 770.12(D). 

(A) Listed Chapter 3 Raceways Listed opticatgtg* 
shall be permined to be installed in any type of liste^s^ 
permitted in Chapter 3 where that listed racewayjilg 
in accordance with Chapter 3. Where optical fi^J 
are ipstalled within raceway without currcnt-canTi^^ 
ductors, the raceway fill tables of Chapter 3 a^I^Sil 
shall not apply. Where nonconductive optical fi^^ 
are installed with electric conductors in a racewa^MI 
way fill tables of Chapter 3 and Chapter 9 shalJM| 

Conduit fill requirements apply where the ootgi 
installed in a raceway with electrical conductgj 

(B) Optical Fiber Raceways Listed optical|ng 
shall be permitted to be installed in listed P!ca4S 
fiber raceway, listed riser optical fiber raccwayi 

Rfll-purpose optical fiber raceway installed in accor- 
^vith 770.154 and 362.24 through 362.56. where the 

rtinents applicable to electrical nonmelallic tubing shall 

Phnerdoct Listed plenum optical fiber raceway, listed 
Fbptical fib"" raceway, or listed general-purpose optical 
:?raceway installed in accordance with 770.154 shall be 
lltted to be installed as innerduct in any type of listed 

fe*ay permitted in Chapter 3. 

fjgotering Buildings Unlisted underground or outside 
^construction plastic innerduct entering the building 
jihc outside shall be terminated and firestopped at the 

§Jt'of entrance. 

Mli Access to Electrical Equipment Behind 

uiels Design^ to Allow Access 

;lto electrical equipment shall not be denied by an 
dation of cables that prevents removal of panels, 

Ifoding suspended ceiling panels. 

OS!commeniary following 725.7 for information on safe 
Pto'electrical equipment behind panels. 

|jfp4/Mechanical Execution of Work 

pticai fiber cables shall be installed in a neat and workman- 
gmahner. Cables installed exposed on the surface of 
jngs and sidewalls shall be supported by the building 

ucture in such a manner that the cable will not be damaged 
formal building use. Such cables shall be secured by 

psfstaples, hangers, or similar fittings designed and in- 
jDSi so as not to damage the cable. The installation shall 

ionform with 300.4(D) and 300.11. 

TN: Accepted industry praciices are described in ANSI/ 
|NECA/BICSI 568-2001, Standard for Installing Com- 
B&rcioi Building Telecommunications Cabling, and other 

NSl-approved installation standards. 

|^p70.24 makes it clear thai the Code requires optical 
fables to be installed in a neat and workmanlike manner. 

^1 for the 2002 Code, this section provides definitive 
J^nenls for workmanship. Cable must be attached to 

iPPjined by the structure by straps, clamps, hangers, 
jprlikie. The inslallalion method must not damage the 
aJnaddition. the location of the cable should be care- 
Jpffimated in ensure that activities and processes within 
^jding do not cause damage to the cable. The reference 

D) calls attention to the hazard to which cables are 
J^where they are installed on framing members. Such 
S^e required to be installed in a manner that protects 
j^m hail nr screw penetration. 

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 
to 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. 

III. Cables Within Buildings 
770.113 Installation and Marking 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. 

l^ble 770.113 Cable Markings 

Cable 
Marking TVp. 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 fiber riser cable 770.179(B) and 
770.154(B) 

OFNG Nonconductive optical fiber 770.179(C) and 
general-purpose cable 770.154(C) 

OFCG Conductive optical fiber general- 770.179(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 
purpose cable 770.154(C) 

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; See the referenced sections for requirements 
and permitted uses. 

Exception No. 1: Optical fiber cables shall not be required 
to be listed and marked where the length of the cable withll 
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 terminaiing 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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f 

v.' • 

enters the building fwm the outside and is run in raceway 
systems 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 Conduit: Type RNC: 
and Article 358. Electrical Metallic 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 Communications 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 permined 
to occupy the same cable tray or raceway with conductors 
for electric light, power, Class 1, non-power-limited fire 
alarm. Type 1TC, or medium power network-powered broad- 
band communications circuits, operating at 600 volts 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 I, 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. 

Nonconductive 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 

Exception No. I: 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 infactory- 
or field-assembled control centers. 

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

1116 

qualified persons service the installation, nonconductiv 
tical fiber cables shall be permitted with circuits exceed^ 
600 volts. • -' ' 

Exception No. 4: In industrial establishments only, j 
conditions of maintenance and supervision ensure.that oi& 
qualified persons service the installation, composite opt^S 
fiber cables shall be permitted to contain currenl-canyti 
conductors operating over 600 volts. 

(B) With Other Conductors Optical fibers shall be^B 
mined in the same cable, and conductive and nonconduciivT 
optical fiber cables shall be permitted in the same cala. 
tray, enclosure, or raceway with conductors of any.of QM 

following: 

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

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

(3) Communications circuits in compliance withjAnidel 
800 

(4) Community antenna television and radio distribmi'o^ 
systems in compliance with Article 820 

(5) Low-power network-powered broadband commumcIS 
tions circuits in compliance with Article 830 • 

(C) Grounding Non-currenl-carrying conductive ^ men^ 
bers of optical fiber cables shall be grounded in accordance 

with Article 250. ,] 

770.154 Applications of Listed Optical Fiber 

Cables and Raceways _; 

Nonconductive and conductive optical fiber cables stialll 
comply with any of the requirements given in 770.154(A)| 
through 770.154(E) or where cable substitutions are made| 

as shown in 770.154(F). 

Il should be noted thai 770.3(A) requires the removal 
accessible abandoned optical fiber cable. Abandoned cW| 
increases fire loading unnecessarily, and, where installed 
plenums, il can affect airflow. Similar requirements cani 

found in Articles 640, 645. 725. 761), 800. 820'!and'2| 
See the definition of abandoned enmmunicutions cabl^n 

800.2. 

(A) Plenums Cables installed in ducts, plenums, and olliei| 
spaces used for environmental air shall be Type OFNr K 
OFCP. Abandoned cables shall not be permitted to renKunf 
Types OFNR, OFCR, OFNG, OFN, OFCG, and OFC cables 

installed in compliance with 300.22 shall be P"•^^ 
Listed plenum optical fiber raceways shall be Pennitt^Ljga 
be installed in ducts and plenums as described in 300.22( ^ 

p, ^ other spaces used for environmental air as described 
300.22(C). Only type OFNP and OFCP cables shall be 

t nnitted to be installed in these raceways. 

fpN: See 8.14.1 of NFPA 13 (2002). Imtallation of 
Sprinkler Systems, for requirements for sprinklers in con- 
cealed spaces containing exposed combustibles. 

In) Riser Cables installed in risers shall be as described 
t any of the following: 

W\) Cables installed in vertical runs and penetrating more 
^an one floor, or cables installed in vertical runs in a 
shaft, shall be Type OFNR or OFCR. Floor penetrations 

t 'requiring Type OFNR or OFCR shall contain only ca- 
bles suitable for riser or plenum use. Abandoned cables 
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. 

f2V1Vpe OFNG, OFN, OFCG, and OFC cables shall be 
permitted to be encased in a metal raceway or located 
in a fireproof shaft having firestops at each floor, 

fe) Type OFNG. OFN, OFCG, and OFC cables shall be 
•permitted in one- and two-family dwellings. 

I 
FPN: See 300.21 for fireslop requirements for floor pen- 

. : etralions. 

» \ 
PC) Other Wiring Within Buildings Cables installed in 
fbuilding locations  other than the locations covered in 
])70.154(A) and 770.154(B) shall be Type OFNG, OFN, 
|0FCG, or OFC. Such cables shall be permitted to be installed 

a listed general-purpose optical fiber raceways. 

flD) Hazardous (Classified) l^ocations Cables installed in 
•hazardous (classified) locations shall be any type indicated 

n Table 770.154. 

•) 
BTablt 770.154 Cable Substitutions 

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

Nonconductive      Conductive 

) OFCPj 

Cable Type Permitted Substitutions 

OFNP None 
OFCP OFNP 
OFNR OFNP 
OFCR OFNP, OFCP. OFNR 
OFNG, OFN OFNP. OFNR 
OFCG. OFC OFNP.OFCP,OFNR,OFCR, OFNG, OFN 

|(E) Cable TVays Optical fiber cables of the types listed in 
liable 770.113 shall be permitted to be installed in cable 
*trays. 

| FPN: li is not the intern to require that these optical fiber 
cables be listed specifically for use in cable trays. 
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[A}—»fB) CaUe A may be used in place 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) lypes OFNP and OFCP Types OFNP and OFCP non- 
conduclive 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 thai 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. 

\'OT further information on the fire test method for optical 
liber plenum cables, see the comrneniary following 
725.82(A». FPN. 

(B) Types OFNR and OFCR Types OFNR and OFCR 
nonconductive and conductive optical fiber riser cables shall i 
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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Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. 

For funher informaiinn on the fire lesl methtxi for oplicul 
fiber riser cables, see ihe commentary following 725.S2(B|. 

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-purpose 
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 C22.2 
No. 0.3-M-I985, Test Methods for Electrical Wires and 
Cables. 

For funher informaiion on the fire test method fur optical 
fiber cables used as other wiring within buildings, see 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 

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 ANS1/UL 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) not to exceed 1.5 
m (4 ft M 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 770.1X2 are listed 
raceways used in plenuni. riser, or general-purpose applica- 
tions. This listing includes raceways and fittings for installa- 
lions of nonconductive optical fiber cables in accordance 
with Article 770. These raceways arc noi suiiaNe foi installa- 
tion of current-carrying conductors, cords, or cables. Nor 
are these raceways suitable for installaiions of hybrid cables 
thai contain optical fiber members and currenl-carrying con- 

ductors. 

Plenum Raceway 

A raceway marked "plenum" is suitable for use JrjfP 
plenums, or other spaces used fnrenvironmental atrfi^i 
dance with 770.15-J(A) where used to enclose optical^ 
cables marked OFNP. This plenum raceway exhibits a 
mum peak optical density of 0.5. a maximum average^^ 
density of 0.15. and a maximum flame-spread distafi^P1 

5 ft when tested in accordance with the plenumT^fl 
UL 2024. Siandtmljor Optical Fiber Cable RacewmjgffiSt 
raceway is identified by a marking on the surfaecs^^f 
raceway or on a marker tape indicating •'plenum.'', A^rSS 
way marked "plenum" is also suitable for installatipnfi 
risers where used to enclose optical fiber cables rhaffiaj 
OFNP or OFNR and for general-purpose use where u3e ~ 
enclose optical fiber cables marked OFNP. OFNR,'0EJ<f§ 
or OFN. 

Riser Raceway it-m 
A raceway marked "riser" is suitable for installationTi 
risers in accordance with 770.154(B) where usedtoencuss 
optical fiber cable marked OFNP or OFNR. This racewf 
has fire-resistant characteristics capable of preveniirigftS 
carrying of lire from floor to fUM»r. Riser raceway meetsp 
flame propagation test requireinenis in UL 2024, StafSiari 
for Optical Fiber Cable Hiici'way. This raceway is identifiei 
by a marking on the surface of the raceway or on a;marke 
tape indicating "riser." A raceway marked ••riser'.yis«al& 
suitable for general-purpose use when used to enclose optiM 
fiber cable marked OFNP. OFNR. OFNG. or OFN^ 

General-Purpose Raceway 

A raceway marked •general purpose" is suitable for install 
tion in general-purpose areas in accordance with 770.15416! 
where used to enclose optical liber cable marked OFNTO 
OFNR. OFNG. or OFN. General-purpt.se raceway hiSfir| 
resistant characteristics thai are capable of prevenliilg|lht 
spread of fire as delermincd by the Vertical-Tray Flameja^ 
in UL 2024. Siwukml far Optical Fiber Huceway. ^ 

Pliable raceway is raceway thai can be bent ^g 
wilhoul the use of tools. The smallest radius of the'cm_ 
of the inner edge of any bend to which the raceway maj^ 
hem without cracking either on the outer surface or intern^ 
is noi less than 2'/: times the outside diamctci of the raceway 

(A) Plenum Optical Fiber Raceway Plenum optical fibc^ 
raceways shall be listed as having adequate fire-resistaa ; 

and low smoke-producing characteristics. ,  Ji 

FPN: One method of defining that an optical fiber race-' 
way is a low smoke producing raceway and a fire-resis- 
tant raceway is that the raceway exhibits a maxunuin 
peak optical density of 0.5 or less, an average opuca^ 
density of 0.15 or less, and a maximum flame spreao 
distance of 1.52 m (5 ft) or less when tested in accordance , 

Rtfith the plenum test in UL 2024, Standard for Optical 
h fiber Cable Raceway. 

R| Riser Optical Fiber Raceway Riser optical fiber race- 
fti shall be listed as having fire-resistant characteristics 

tble of preventing the carrying of fire from floor to floor. 

jcpPN: One method of defining fire-resistant characteris- 
|dcs capable of preventing the carrying of fire from floor 
U to floor is that Ihe raceways pass the requirements of the 

Jltcst for Flame Propagation (riser) in UL 2024, Standard 
Wfor Optical Fiber Cable Raceway. 

j General-Purpose Optical Fiber Cable Raceway 
Kencral-purpose optical fiber cable raceway shall be listed 
nlbcing resistant to the spread of fire. 

f*FPN: One method of defining resistance to the spread 
Md fire is that the raceways pass the requirements of the 

^Vertical-Tray Flame Test (General Use) in UL 2024. 
\ Standard for Optical Fiber Cable Raceway. 

ARTICLE 780 
Closed-Loop and Programmed 

Power Distribution 

National Electritftl Code Hart 
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.1 Scope 

.2 General 
'(A) Other Articles 
!(B) Component Parts 

.3 Control 
•(A) Characteristic lilectrical Identification Required 
(B) Conditions for De-Energization 

aC) Additional Conditions for De-Energization When an 
Alternate Source of Power Is Used 

f(D) O'mroller Malfunction 
[30.5 Power Limitation in Signaling Circuits 

•6 Cables and Conductors 
|A) Hybrid Cable 
(B) Cables and Conductors in the Same Cabinet, Panel, 

gp Noninterchangeability 

JU Scope 
J? provisions of this article apply to premise power distri- 
^tion systems jointly controlled by a signaling between the 
^rgy controlling equipment and utilization equipment. 

I, 
« ?ttle 78(1 provides requirements lor the ••.smart house"' 
\ Wept, which involves universal cable (erminalini! in tini- 

««/ Electrical Code Handhmtk   -W 

Huildings wired by conventional methods require sepa- 
rate sets of conductors for differem systems. In a smart 
house, however, multiple conductors for 120-voli ac power. 
24-voll dc UPS. telephone, remote-control, and signaling, as 
well as coaxial cable, are combined in a single construction 
known as hybrid cahling. 

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

A smart house uses an energy safety technique called 
ciosed-liHtp ctmirol to reduce shock hazard. In conventional 
wiring, receptacles are energized at all times under normal 
operating conditions. In the closed-loop configuration, re- 
ceptacles are not energized until the insertion of an attach- 
ment plug generates a characteristic electrical identification. 

Exhibit 7X0.1 illustrates a typical smart house installa- 
tion. Preseni smart house technology uses I 20/240-volis ac. 
with 24-volts dc UPS. to maintain system electronics in Ihe 
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 articles 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 arc energized with 120-voliac power only when 
eteclronic circuitry in the convenience center receives ibis 
characieristic idenlification. 

(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 cenicr receptacles are de-encrgi/ed when the 
characteristic electrical identification ceases (when the at- 
tachment plug is withdrawn). In addition, appliances with 
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secondary transformer voltage ratio, effectively 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 location 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 TVansfonners 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 

On 3-phase, 3-wire circuits, an overcurrent relay ele- 
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 short-circuit current, and the 
conductor used shall be coordinated to prevent damaging 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 

of an electronically actuated fuse shall not exceed six times 
the ampacity of the conductor. For fire pumps, conductors 
shall be permitted to be protected for overcurrent in accor- 
dance with 695.4(B). 1 

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

ARTICLE 250 
Grounding and Bonding 

Article 250 — Grounding and Bonding 

Summary of Changes 
• 250.2: Revised definilion of effective ground-fault curm 

path to include its function of facilitating the opcratii 
of overcurrent devices or ground-fault detectors. ft 

• Table 250.3: Added reference to Article 392 groundiaj 
requirements for cable trays. 

• 250.4<AMS): Revised to include facilitating the operalii 
of overcurrent devices or ground-fault detectors as pi 
of the performance requirements for the effective grouiuli 
fault current path. ( 

• 250.8; Revised to prohibit use of sheet metal screws 
a means to attach connection devices for grounding cpj 
due tors. 

• 250.2IHIS): Added new requirement to correlate 250.2J 
with 250,36 and 250.186. 

• 250.21;   Revised  to  require  ground  detectors 
grounded ac systems unless the voltage to ground is Ic 
than 120 volts. 

• 250.24(B); Added requirement from 250.28 covering pu 
pose of the main bonding jumper at service equipmenl 

• 250.28; Added the term system bonding jumper throug 
out this section for application with separately deriv 

systems. 

• 250.30: Reorganized this requirement to improve usabili 
and integrated the new term system bonding juniper whe 
applicable. Revised requirement for sizing the cottaai 
gmunding electrode conductor to require a minitnu 
3/0 AWG copper or 250 kemil aluminum conductor. 

• 250.32: Revised the title of the requirement to belter cq 
vey the type of supply to a building or structure 11 
is covered by these rules. Added new provision in J 
exception to 250.32(A) permitting multiwire circuits 
be considered as a single branch circuit. 

• 250.50: Revised to require the use of a concrctc-enca!    |; 

electrode if a building has a footing or a foundaU^" 
Exception added to exempt existing buildings or struct^ 
where access to concrete-encased electrode requires 
aging the concrete. 

icw,    ^ 
sda 

. 250.52(AK2): Dchtedihe phrase effectively grounded and 
provided a list of conditions under which the metal frame 

p of a building can be used as a grounding electrode. 

V 250.64(B): Revised to delete (he word severe from the 
-protection requirement for 4 AWG or larger grounding 
^electrode conductors that are subject to physical damage. 

_..-250.64(0: Revised to permit the use of a copper or alumi- 
^ num busbar as a connection point for grounding electrode 
4 conductors or bonding jumpers. 

..•,?250.64(D): Revised to clarify requirements for sizing the 
I grounding electrode conductor and the grounding elec- 

."JIK trode ''laps" used in multiple service disconnecting means 
^arrangements. 

;^.250.64(E): Revised to limit the bonding requirement to 
^ferrous metal enclosures and to indicate that nonferrous 
t^metal enclosures are not required to be electrically contin- 
&UOUS. 

t250.68(A): Added an exception exempting grounding 
electrode connections to structural metal encapsulated 

p^with fire-proofing material from having tu be accessible. 

^250A4(B): Revised requirement to apply only to metal 
Eraceways that contain metal sheathed or armored cable. 

jj|?S0.92(B)(4): Revised to require that bonding fitting used 
Pat services be listed. 

j2S0.100: Revised to require specific bonding methods for 
|raceways. enclosures, and equipment installed in hazard- 
pus (classified) locations regardless of the presence of 
a supplementary equipment grounding conductor in the 

|raceways or enclosures. 

|250.104(D): Relocated requirements for bonding water 
piping and structural metal to separately derived systems 
ifom 250.104(A)(4) of 2002 Code. 

g250.U8(5)d and 250.n8(6)e: Revised to indicate that 
gnly where the flexible metal or liquidtight flexible metal 
^onduit requires the ability to flex or move after the initial 
installation is a "wire type" equipment grounding conduc- 
tor required. 

jS|2S0.U8U4j; Added surface metal raceways listed for 
Sgjounding as a permitted type of equipment grounding 
8£*>nductor. 

•RJ&'22(E): Revised to require sizing equipment ground- 
ipg conductor per Table 250.122 for cords and fixture 
•plf? with.circuit conductors larger than 10 AWG. 

&•*'0-122(0): Added new requirement for sizing wire-type 
ERUipmem grounding conductors run with feeder tap con- 
jgjuctors.^ 

2*2^1        ^ev'5ed t0 P6•1'1 other grounding symbols. 
^i...146(A): Revised to permit a listed self-grounding 

£oniact yoke or device that complies with 250.146(8). 

2005    National Electrical Code Hi 

Added rule to require thai 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- 
ted by this requirement. Added specific installation re- 
quirements for each grounding option. 

Contents 
I. General 

250.1 Scope 
250.2 Definitions 
250.3 Application of Other Articles 
250.4 Genera! Requirements for Grounding and 

Bonding 
(A) Grounded Systems 
(B) Ungrounded Systems 

250.6 Objectionable Current over Grounding 
Conductors 

(A) Arrangement to Prevent Objectionable Current 
(B) Alterations to Slop 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 and Bonding 

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 
Volts 

(B) Alternating-Current Systems of 50 Volts to 
1000 Volts 

(C) Altemating-Cunent 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 Volts 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 

J i 

m 
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Article 250 — Grounding and Bonding                                                        .> ^ 

fp                                            Article 250 — Grounding and Bonding ^l 
25U.26 Cnnductur lei Be Grounded — Altemating- 

Current Sysiems 
250.28 Main Bonding Jumper and System Bonding 

25(164 Grounding Electrode Conductor In.staila^B Bt^  1 (B) For Ungrounded Systems 
^H 

(A) Aluminum or Copper-Clad Aluminum aH 
Conductors                                               ^^^H 

[j^^^^mDnSeparately Derived Systems 
^^^^^6^ Lightning Protection Systems 

(C) Nongrounding Receptacle Replacement or 
Branch Circuit Extensiuns 

• 
Jumper 

(A) Miiicrial 
(B) Construction 

(Bj Securing and Protection from Phvsical cfl 

(Q Continuous                                             r. ^| 

|^Bffl!i|mem Grounding and Ei|uipment Grounding 

f^^feroEolEquipment Fastened in Place or Connected by 

250.132 Short Sections of Raceway 
250.134 Equipment Fastened in Place or Connected by 

Permanent Wiring Methods (Fixed) — 
.     ; m 

(Cl Attachment (D) Grounding Electrode C<inducior Taps   • ^HflflK;Permanent Wiring Methods (Fixed) Cirounding 
(D) Size tE| Enclosures for Grounding Electrode     fl ^^^^^Mpastened in Place or Connected by Permanent (A) Equipment Grounding Conductor Types i|            1 250.30 Grounding Separuieiy Derived Alternating- Conductors                                             '^| ^|     MR'Wiring Methods (Fixed) — Specific (B) With Circuit Conductors H 

Current Systems (F) To Elcctrode(s|                                      Jfl j^^^^^^Switchboard Frames and Structures 250.136 Equipment Considered Effectively Grounded H 
(A) Grounded Systems 250.66 Size of Alternating-Current Grounding jH ^^HnpPipe Organs (A) Equipment Secured to Grounded Metal B         H 
(B) Ungmunded Sysiems Electrcnle Conductor                          • ^^^H ^^^H'^ Motor Frames Supports ^^1^1 

230.32 Buildings or Structures Supplied by Feeder(s) (A) Connections t<i Rod. Pipe, or Plate Electr^^H ^BD):Hnclu.siires for Motor Controllers (B) Metal Car Frames fl or Branch Circuil(s) (B| Connections to Concrete-Encased f:.lecir^ ^KE)iElevaiors and Cranes 250.138 Cord-and-Piug-Connected Equipment SB 
(A) Grounding F£lectHKle (C| Connections to Ground Rings             '''fli ^^^^^^Garages. Theaters, and Motion Picture Studios (A) By Means of an Equipment Grounding 'fl Hi) Grounded Systems 250.6S Grounding Electrode Conductor and Boi^S H  Bm'Electric Signs Conductor H 
(C) Ungrounded Systems 

Jumper Connection to Grounding ElectrgSa [^B BH);Motion Picture Projection Iiquipment (B) By Means of a Separate Flexible Wire or >jH 
(D) Disconnecting Means Located in Separate 

(A) Accessibility                                            ''^1 ^^^H|R Power-Limited Remote-Control, Signaling. Strap 1 H 
Building or Slmcture on the Same Premises 

(B) Effective Grounding Path                    < ^1 H^!and Fire Alarm Circuits 250.140 Frames of Ranges and Clothes Dryers i H 
(E) Grounding Electrode Conductor 

250.70 Methods of Grounding and Bonding    ^^| 
Conductor Connection to Electrodes  - J^| 

^B ^KJ^Luminaircs (Lighting Fixtures) 250.142 Use of Grounded Circuit Conductor for •i JM 
250.34 Portable and Vehicle-Mounted Generators ^B «!<)• Skid Mounted Equipment 

^^^R^Motor-Operated Water Pumps 
Grounding Equipment .i ^H 

(A) Portable Generators 
IV, Enclosure. Raceway, and Service Cable Groundi^B 

250.80 Service Raceways and Enclosures     ' Ifl 
250.84 Underground Service Cable or Raceway^^H 

(A)   1 indt^r'Toniul Scrvii'i' C'ihlt*                       -^^1 

(A) Supply-Side Equipment H 
(B) Vehicle-Mounted Generators |BM)^Metal Well Casings (B) Load-Side Equipment • 
(Q Grounded Conductor Bonding ^^^Ti|l^Equipment Connected by Cord and Plug 250.144 Multiple Circuit Connections .• 

250.36 High-Impedance Grounded Neutral Systems ^^^^Ifi^Nonelectric Equipment 250.146 Connecting Receptacle Grounding Terminal to ij ^1 
(A) Grounding Impedance Location 
(B) Neuiral Conductor 

lli)  Underground Service Raceway Cuntaimn^^H 

250.86 Other Conductor Enclosures and Raccu^H 

^^^Hl],8:Types of Equipment Cirounding Conductors 
^^^^^1*. identification of Equipment Grounding 

Box 
(A) Surface Mounted Box 

•i 

(C) System Neutral Connection 
(Dl Neutral Conductor Routing ^BAJ Conductors UrgerThan 6 AWG 

(B) Contact Devices or Yokes 
(C) Floor Boxes 

i 
(H) (£quipment Bonding Jumper 

Bonding                                                                 11 
250.9(1 General                                              ' fl 

H ^KBJ^Multiconductor Cable (D) Isolated Receptacles 
;i • 

(1;) Grounding Electrode Conductor Location ^BpB^)|Fiexible Cord 250.14S Continuity and Attachment of (Equipment 
(G) lujuipment Bonding Jumper Size 250.92 Services                                              '''^I^B ^•|^^20£Equipment Grounding Conductor Grounding Conductors to Boxes H                                           l 

III. Grounding lEIecircide System and Grounding Electrode IA) Bonding or Services                              /^f H^lnstallailon (A) Connections ! H             H 
Coiuluctor IB) Method of Bonding at the Service      j ^^^H ^^^MRaceway, Cable Trays. Cable Armor. (Bl Grounding Continuity H            H 
250.5(1 Grounding Electrode System 250.94 Bonding lor Other Systems                fl ^^^Ki^Cablcbus. or Cable Sheaths (C) Metal Boxes ]• H            H 
250.52 Grounding Electrodes 250.% Bonding Other Enclosures                 . 9H ^^•^Aluminum and Copper-Clad Aluminum (D) Nonmetallic Boxes H            H 

(A) Hleclrodes Permitted for Grounding (A) Cienerul                                               .^| 
^^^tt^Equipment Grounding Conductors Smaller 

(E) Solder 
i H            H 

(B) Electrodes Not Permitted for Grounding (B) Isolated Grounding Circuits                ^ ^| VIII. Direct-Current Systems !!' H           H 
250.53 Grounding Electrode System Installation 250.97 Bonding lor Over'250 Volts               ' H 

K||P3.Si.ze of Equipment Grounding Conductors 

^^»|iFleXifale Cord and FixIurc Wire 

250.160 Cieneral H 
(A) Rod, Pipe, and Plate Electodes 
(Bl Electrode Spacing 

250.98 Bonding Loosely Jointed Metal RacewaJ^M 
250.10(1 Bonding in Hazardous (Classilied) LOCJM 

250.162 Direct-Current Circuits and Systems to Be 
Grounded 1 I           1 

(Q Bonding Jumper 250.102 Equipment Bonding Jumpers             ^^^^Hi (A) Two-Wire, Direct-Cumnt Systems i H 
(D) Metal Underground Water Pipe (A) Material                                                    •   H (B) Three-Wire. Direct-Current Systems i H           H 
(El Supplemental Electrode Bonding Connection 

Size 

(Bl Attachment                                           H 
iCt Size — Eejiiipmem Bonding Jumper onSuPB^^H 

250.164 Point of Connection for Direct-Current 
Systems 1; 

H           H 
(F) Ground Ring Side of Service                                    1 ^H H (Al Off-Premises Source H           H 
{G) Rod and Pipe Electrodes (D) Size — Ecjuipmenl Bonding Jumper onJ^^B (B) Oil-Premises Source 1 H              H 
(H) Plate Electrode Side of Service                                       :H •jj»j^#Equipment Grounding Conductor Continuity 

HHISirP^^ Connections 

g^j|^<Identiricaiion of Wiring Device Terminals 
B®E^p0f'EtlU'pmt''IU Grounding 
•ft^^Equipment Grounding Conductor Connections 

250.166 Size of Direct-Cunent Grounding Electrode H 
250.54 Supplememury Grounding Electrodes (El Insiullation                                       '^^| Conductor H            H 
250.56 Resistance of Rod, Pipe, and Plate Electrodes 250.104 Bonding of Piping Systems anil Exposcd^^M (Al Not Smaller Than the Neutral Conductor H 
250.5S Common Grounding Electrode Structural Steel                                      ' H (Bl Not Smaller Than the Largest Conductor i IB 
250.60 Use of Air Terminals (A 1 Metal Water Piping                                'U (Cl Connected to Rod. Pipe, or Plate Electrodes H 
250.62 Grounding Electrode Conductor Material (Bl Other Metal Piping                              JH (Dl Connected to a Concrete-Encased Electrode 

(E) Connected to a Ground Ring | • 82 2005   National Electrical Code HcyM ^  183 
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250.1(>S Dircct-Otrrcnl Honding Jumper 
250.169 Ungrouiulcil Direct-Current Separately 

Derived Systems 
IX. Instruments. Meiers, and Relays 

250.170 Instrument Transformer Circuits 
250.172  Instrument Transformer Cases 
250.174 Cases tit Instruments, Meters, and Relays 

Open)liiiLT at Less Than 1000 Volts 
lAi Not (in Switchboards 
(lii On Dead-Front Switchboards 
(O On Live-Front Switchboards 

250.170 Cases of Instruments, Meters, and Relays — 
Opersiting Voltage 1 kV and Over 

250.178 Insirument Grounding Conductor 
X. Cimimding uf Systems and Circuits of I kV and Over 

(High Vnluigc) 
250.180 Gcnerai 
250,1X2  Derived Neutral Systems 
250.184 Suliilly Grounded Neutral Systems 

(A I Neutral Conductor 
I IVi Single Point Grounded System 
IC) Multiyrounded Neutral Systems 

250.1S6 Impedance Grounded Neutral Systems 
(A> L(H."ition 
(Ul Identified and Insulated 
(Cl System Neutral Connection 
(Uf Fiquipment Grounding Conductors 

250.188 Gmunding of Systems Supplying Portable or 
Mobile Equipment 

(A) Portable or Mobile Equipment 
(H) Fxposed Non-Cuncnt-Carrying Metal Parts 
(C) Ground-Fault Current 
(D) Ground-Fault Detection and Relaying 
(El Isolation 
(F) Trailini: Cable and Couplers 

250.190 Grounding of Equipment 

I. General 
250.1 Scope 

This article covers general requirements for grounding and 
bonding of electrical installations, and specific requirements 
in (1) through (6). 

The complete revision of Article 250 is one of the most 
significant changes to occur in the recent history of the 
Ct/i/c. Undertaken during the 1999 Okie revision cycle, 
the tusk of reorganizing the large amounl of subjeel matter 
contained in this article for ihe purpose of creating a more 
logical approach to ihe suhject of grounding and bonding 
was a collective effoii of the NEC Usabiliiy Task Group. 
Code-Making Panel 5. and NEC users who submiited pro- 

posals and comments. To better organize die existing require- 
ments, similar rules thai previously appeared in different 
pans of Article 250 were relocated and grouped in ihe same 
par! of die article. In addiiion. many of the exceptions were 
converted into positive code language. The overall new ap- 
proach to the layoin provides a more user-friendly Article: 
250. As an aid m the users of the Coik: the commentary 
for Annex F provides two cross-reference lists. Exhibit F.l 
references the 1996. 1999, 2002. and 2005 sections to the; 
1996 Article 250 topics, and Exhibit F.2 references the 2002. 
1999. and 1996 sections lit the 2005 Article 250 topics. For 
the 2005 Codf. die title of Article 250 has been changed to 
Cnmiulinx ami Homlinx i<> reinforce that grounding and 
bonding are two separate concepts but are not imiiually; 
exclusive and in fact are directly inierrelated through the' 
requirements of Article 250. 

(1) Systems, circuits, and equipment required, permitted,: 
or not permitted to be grounded 

(2) Circuit conductor lo be grounded on grounded systems j 
(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 current under 
ground-fault conditions from the point of a ground fault on 
a wiring system lo the electrical supply source and that 
facihtates the operation of the overcurrent protective device 
or ground fault detectors on high-impedance grounded sys- 

Ground Fault. An unintentional, electrically conducting! 
connection between an ungrounded conductor of an electri-l 
cal circuit and the normally non-current-carrying conduc-l 
tors, metallic enclosures, metallic raceways, melallic| 
equipment, or earth. 

Ground-Fault Current Path. An electrically conductive! 
path from the point of a ground fault on a wiring systeni| 
through normally non-current-carrying conductors, equip-f 
ment, or the earth to the electrical supply source. 

FPN: Examples of ground-fault current paths could con- 
sist of any combination of equipment grounding conduc- 
tors, metallic raceways, metallic cable 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 sleel. 
shields of communications cables, and the earth itself. 
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Section 250.2 was new for the 2002 Cade. Following a 
loinmon numbering sequence throughout the NEC. defini- 
tions that are specific lo an article and not generally used 
elsewhere now appear in X.2 of their respective articles. 
Fprcxamplesof'anicle-rclatcd definitions, see 240.2. 280.2. 
" ,2, 517.2. and 680.2. 
|.'One of the keys to proper application of the Article 250 
equiremems is understanding the definitions of terms used 

throughout the Code that relate to bonding and grounding. 
Some of the most basic and widely used terms are bonding, 
grounded, grounded rondurtor, t'quipnwiu grounding enn- 
ducior. and grounding elecirodo vomhiftor. These terms are 
defined in Article MX). 

2503 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 are In addition to, or modifications of, those 
. of this article. 

250.4 General Requirements for Grounding 
and Bonding 

The following general requirements identify what grounding 
and bonding of electrical systems are required to accomplish. 
The prescriptive methods contained in Article 250 shall be 
followed to comply with the performance requirements of 
this section. 

^ection 250.4 provides the performance requirements for 
grounding and bonding of electrical systems and equipment, 
performance-based requiremepiis provide an overall objec- 
tive without stating the specifics for accomplishing that ob- 
jectiye. The first paragraph of 250.4 indicates that ihe 
performance objectives slated in 250.4(A) for grounded sys- 
tems and in 250.4(B) for ungrounded systems are accoin- 
BJphcd by complying with the prescriptive requirements 
Jpund in the rest of Article 250. 

The requirements of 250.4 do not provide a specific 
^!e/for the sizing or connection of grounding conductors: 
kapw. it stales overall performance considerations for 
|rpunding conductors and applies to both grounded and 

^grounded systems. Sections 250.41 AK5) hirgrounded sys- 
[emsand 250.4(B)(4) for ungrounded systems contain fault 

[bo?1 path obJeclivt's ,h;it were «a'ecl in 250.51 of the 
|P6 and earlier editions of the Code. 

jA) Grounded Systems 

\j Electrical System Grounding Electrical systems that 

Wli?0Undcd Sha" ^ connected t0 c31111 m a manner that 
- uni       • ^ vo'tage imposed by lightning, line surges, or 
*stabTmi0na, contac, wilh higher-voltage lines and that will 

•he voltage to earth during normal operation. 
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(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 to 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 

(4) Bonding 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 in 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 currenl 
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 earth shall not be considered as an effec- 
tive ground-fault currenl 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- 
current protective device. In the case of a high-impedance 
grounded system installed in accordance with 251).36. the 
performance objective is to ensure operation of the required 
ground detector to provide annunciation of a ground-fault 
condition. 

(B) Ungrounded Systems 

(1) Grounding Electrical Equipment Non-current- 
carrying conductive materials enclosing electrical conduc- 
tors or equipment, or forming part of such equipment, shall 
be connected to earth in a manner that will limit the voltage 
imposed by lightning or unintentional contact with higher- 
voltage lines and limit the voltage to ground on these 
materials. 

(2) 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 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 Section 

Agricultural buildings 
Audio signal processing, amplification, and reproduction equipment 
Branch circuits 
Cablebus 
Cable trays 392 
Capacitors 
Circuits and equipment operating at less than 50 volts 720 
Closed-loop and programmed power distribution 
Communications circuits 800 
Community antenna television and radio distribution systems 
Conductors for general wiring 310 
Cranes and hoists 610 
Electrically driven or controlled irrigation machines 
Electric signs and outline lighting 600 
Electrolytic cells 668 
Elevators, dumbwaiters, escalators, moving walks, wheelchair lifts, and stairway 

chair lifts 620 
Fire alarm systems 
Fixed electric heating equipment for pipelines and vessels 
Fixed outdoor electric deicing and snow-melting equipment 
Flexible cords and cables 
Floating buildings 
Grounding-type receptacles, adapters, cord connectors, and attachment plugs 
Hazardous {classified) locations 500-517 
Health care facilities 517 
Induction and dielectric beating equipment 665 
Industrial machinery 670 
information technology equipment 
Intrinsically safe systems 
Luminaires (lighting fixtures) and lighting equipment 
Luminaires (fixtures), lampholders, and lamps 410 
Marinas and boatyards 
Mobile homes and mobile home park 550 
Motion picture and television studios and similar locations 
Motors, motor circuits, and controllers 430 
Outlet, device, pull, and junction boxes; conduit bodies; and fittings 
Over 600 volts, nominal, underground wiring methods 
Panclboards 
Pipe organs 650 
Radio and television equipment 810 
Receptacles and cord connectors 
Recreational vehicles and recreational vehicle parks 551 
Services 230 
Solar photovoltaic systems 
Swimming pools, fountains, and similar installations 680 
Switchboards and panelboards 
Switches 
Theaters, audience areas of motion picture and television studios, and similar 

locations 
Transformers and transformer vaults 
Use and identification of grounded conductors 200 
X-ray equipment 660 

547.9 and 547.10 
640.7 

210.5,210.6,406.3 

370.9 
392.3(C), 392.7 

460.10,460.27 

780.3 

820.93. 820.100, 820.103 

675.11(C), 675.12, 675.13, 675.14, 675.15   • 

760.9 

427.29, 427.48 

426.27 
400.22, 400.23 

553.8.553.10,553.11 
406.9 

645.15 
504.50 

410.17, 410.18, 410.20, 410.21. 410.105(B)' 

555.15 

530.20, 530.64(B) 

314.4.314.25 
300.50(3) 

408.40 

I 

690.41, 690.42, 690.43. 690.45, 690.47 I 

408.3(D) 
404.12 

520.81 
450.10 
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aace path for ground-fault current that is capable of carrying 
the maximum fault curreot 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 system grounded equipment in a manner 
that creates a permanent, low-impedance path for ground- 
fault current that is capable of carrying the maximum fault 
current likely to be imposed on it. 

(4) Path for Fault Current Electrical equipment, wiring, 
• and other elcctricaUy conductive material likely to become 
i 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 
. effective fault-current path. 

17 ppfj No. I: A second fault that occurs through the equip- 
•%. ment enclosures and bonding is considered a ground 

fault. 
-^j-jtFPN No. 2: See Figure 250.4 for information on the 

• *- organization of Article 250. 

Part II System 
grounding 

Part VIII Direct-currenl 
'fc'-        systems 

T. Part X Grounding of 
systems and circuits of 

1 kV and over (high voltage) 

Part III Grounding electrode 
'•' system and grounding 

electrode conductor 

.   Part IV Enclosure, 
faceway, and service 

cable grounding 

Part VI Equipment 
Sroundlng and equipment 

^ grounding conductors 
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Part VII Methods of 
equipment grounding 

Part IX Instruments, 
meters, and relays 

^re 250.4 Grounding 
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Grounding can be divided into two areas: system grounding 
and equipment grounding. These two areas are kept separate 
except at the point where they 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: 

1. 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 ihe voltage at one level relative 
to ground, so that any equipment connected to ihe 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- 

Uliliiy transformer 

Grounded service conductor - 

Grounded or neutral bus- 

Grounding electrode conductor - 

u 
Equipment 
grounding 
bus bonded 
to enclosure 

m mm 
Grounding electrode —*• -^-    Main bonding jumper 

Exhibit 250.1  A typical grounding system for a singfe-phase, 3- 
wire service. 
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rent. At ihe utility transformer, oftentimes, an additional 
connection from the grounded conductor to a separate 

grounding electrode is made. 

250.6 Objectionable Current over 

Grounding Conductors 

(A) Arrangement to Prevent Objectionable Current 
The grounding of electrical systems, circuit conductors, 
surge arresters, and conductive non-currenl-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. 

IB) Alterations to Stop Objectionable Current If the use 

of multiple grounding connections results in objectionable 
current, one or more of the following alterations shall be 
permitted to be made, provided that the requirements of 

250.4(A)(5) or (B)(4) are 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 to stray currents, has caused 
installation designers to look for ways to isolate electronic 
equipment from the effects of such stray circulating currents. 
Circulating currents on equipment grounding conductors, 
metal raceways, and building steel develop potential differ- 
ences between ground and the neutral of electronic equip- 

A solution often recommended by inexperienced indi- 
viduals is to isolate the electronic 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 potential difference that is a shock 
hazard. The error is compounded because such isolation 
does not establish a low-impedance ground-fault return path 
to the power source, which is necessary to actuate the over- 
current protection device. Section 250.6(B) is not intended 
to allow disconnection of all power grounding connections to 
the electronic equipment. See also the commentary following 

250.6(D). 

(C) Temporary Currents Not Classified as Objectionable 
Currents Temporary currents resulting from accidental con- 

ditions, such as ground-fault currents, that occur only.w] 
the grounding conductors are performing their intended 
tectivc functions shall not be classified as objectionable, 
rent for the purposes specified in 250.5(A) and (B). 

(D) Limitations to Permissible Alterations The provL 
ions of this section shall not be considered as permittitS 
electronic equipment from being operated on ac systemF 
branch circuits that are not grounded as required byftfic 
article. Currents that introduce noise or data errors in el" 
tronic equipment shall not be considered the objectionabl 
currents addressed in this section. 

Section 250.6(D) indicates that currents that result iriS 
or data errors in electronic equipment are not considered 
he the objectionable currents referred to in 250.6, w 
limits the alterations permitted by 250.6(C). See 250;9( 
and 250.146(D) for requirements that provide safe bdndml 
and grounding methods to minimize noise and data;ci 

(E) Isolation of Objectionable Direct-Current Grouni 
Currents Where isolation of objectionable dc ground 
rents from cathodic protection systems is required, a lisjiS 
ac coupling/dc isolating device shall be permitted in^tBa 
equipment grounding path to provide an effective return nal 
for ac ground-fault current while blocking dc current^ 

The dc ground current on grounding conductors as a rea 
of a cathodic protection system may be considered objectil 
able. Because of the required grounding and bonding conji 
lions associated with metal piping systems, it is inevS 
that where cathodic protection for the piping system i|ij_ 
vided. dc current will be present on grounding and bpijoijS 

conductors. M 

Section 250.6(E) allows the use of a listed ac coupjiw 
dc isolating device. This device prevents the dc currejj 
grounding and bonding conductors and allows the 
fault return path to function properly. To be listed fo^ 
function, these devices are evaluated by the product tcgjjl 
organizations for proper performance under ground^ 

conditions. 

2S0.8 Connection of Grounding 

and Bonding Equipment 

Grounding conductors and bonding jumpers shall be c^ 
nected by exothermic welding, listed pressure connec;<jr 

listed clamps, or other listed means. Connection devicOj 
fittings that depend solely on solder shall not be used. Sn,^ 
metal screws shall not be used to connect grounding conaj| 
tors or connection devices to enclosures. 

2005   National Electrical Oxlr """K 

O^ prohibits the use of sheet metal screws as a 
Hwrectly attaching equipment grounding conduc- 
Iffffljmenl or as a means for attaching connection 
Iftfjjequipment grounding conductors to equipment. 

ijjlljj^ifans thai are listed, that are pan of listed 
^atareexothermically welded are required to 
nanenl.and low-resistance connection. Exhibit 
Tubit 250.3 illustrate two methods of attaching 
Sbpnding jumper to a grounded metal box. 

Article 250 — Grounding and Bonding 250.20 
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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 (I) 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 

FPN: An example of a system permitted to be grounded 
is a comer-grounded delta transformer connection. Sec 
250.26(4) for conductor to be grounded. 

(A) Alternating-Current Systems of Less Than SO 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 

(2) Where supplied by transformers, if the transformer sup- 

ply system is ungrounded 
(3) Where installed as overhead conductors outside of 

buildings 

(B) Alternating-Current Systems of 50 Volts to 1000 Volts 
Altemating-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 Ihe system can be grounded so that the maximum 
voltage to ground on the ungrounded conductors does 
not exceed 150 volts 

Exhibit 250.4 illustrates the grounding requirements of 
250.20(B)(1) as applied to a 120-volt. single-phase. 2-wire 
system and to a 120/240-volt, single-phase. 3-wire system. 
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Ground here 
or heie 

120-V. single-fihase, 2-wtrE system 

r*- 
t t 

(j 120V 240 V 

\ , 1 - I i t c - 120V 

1 1 

120/240-V. single-phase, 3-wiro 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 eimduclor is to be grounded is cov- 

ered hy 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-pha.se, 4-wire. delta connected 
in which the midpoint of one phase winding is used as 

a circuit conductor 

Exhibit 250.5 illustrates which conductor is required to he 
erounded for all wye systems if the neutral is used as a 
circuit conductor. Where the midpoint of one phase of a 3- 
phase. 4-wirc delta system is used as a circuit conductor, 
it must be grounded and the high-leg conductor must be 
identified. See 25O.20(B)(2l and 250.2II(B||3). as well as 

250.26. 

(C) Alternating-Current Systems of 1 kV and Over Al- 
ternating-current systems supplying mobile or pottable 
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. 

I'll! 

120V        soev 
_J i_ 

20SY/120-V, 3.phase. 4-wir9 wv0 system 

240 V 240 V * t 
!0V             120V 111 
i i |l|- 

m 
120/240-V, 3-phase. 4-wire delta system 

Exhibit 250.5 Typical systems required to be grounded by 
250,20{B)(2) and 250.20(B)(3). The conductor to be grounded •* 
is in accordance with 250.26. 

Two of the mosi commnn sources of sepanitcly derived! 
systems in premises wiring are tninsfornicrs and generators. • 
An uututransl'iinner or step-down transrormer that is part of, 
elccirical equipment and that does not supply premises wirf* 
ing is not the source of a separately derived .system. See the* 
delmition oi'premises wiring in Article 100. | 

FPN No. 1: An alternate 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. 

1; r* 
Kxhibit 250.6 and Exhibit 250.7 depict a 208Y/l20-volt. 3f 
phase. 4-wire electrical service supplying a service discon- 
necting means to a building. The system is fed through {: 
transfer switch connected to a generator intended to providej 
power for an emergency or standby system. j | 

In Exhibit 250.6. the neutral conductor from the genera;! 
tor to the load is noi disconnected hy the transfer switc^j 
There is a direct electrical connection between the norm?* 
grounded system conductor (neutral) and the generator nciw | 
tral through the neutral bus in|the transfer switch. ilieretiy|* 
grounding the generator neutral. Because the generator |S| 
grounded hy connection to thq'normal system ground, it Is; 

1 
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Service equipment 

ttt 

208Y/120-V. 3-phase. d-wtie system 
Not a separately 
derived system 

:w 
k Equipment grounding 

/   conductor 

Equipment 
grounding 
conductor 
if 

\ 
3-po!e transfer 

EigN 

Exhibit 250.6 A 208Y/120-vott, 3-phase, 4-wlre system that has 
a direct electrical connection of the grounded circuit conductor 
(neutral) to the generator and is therefore not considered a sepa- 
rately derived system. 

208Y/120-V. 3-phase. 4-wire system 

(3 Service equipment Separately derived system 

.y.7 3 

Equipment grounding 
/   conductor 

Equipment 
grounding - 
conductor 

l-pole transler    electrode 
switch nearby 

Exhibit 250.7 A 208Y/120-vo!t. 3-phase, 4-wire system that 
Qoes not have a direct electrical connection of the grounded 
circuit conductor (neutral) to the generator and is therefore con- 
sidered a separately derived system. 

01 a separately derived system, and there are no require- 

n^ents for grounding the neutral al the generator. Under these 
"ditions. it is necessary to run an equipment grounding 

doctor from ,he service equipment to the 3-pole transfer 
Wttch and from the 3-pole transfer switch to the generator. 
"'scan be in the form of any of the items listed in 25(1118. 

"J Exhibit 250.7. the Grounded conductor (neutral) is 
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connected to the switching comaci.s of a 4-pole transfer 
switch. Therefore, the generator system does not have a 
direct electrical connection to llie other supply system 
grounded conductor (neutral), and die system supplied by the 
generator is considered separately derived. This separately 
derived system (3-pha.se. 4-wire. wye-connected system that 
supplies line-to-nemral loads) is required to be grounded in 
accordance with 250.2()(H) and 250.20(0). The methods for 
grounding the system are specified in 25().3(KA). 

Section 250.30(A)(1) requires separately derived sys- 
tems to have a system bonding jumper connected between 
the generator frame and the grounded circuit conductor (neu- 
tral). The grounding electrode conductor from the generator 
is required to be connected to a grounding electrode. This 
conductor should be located as close to the generator as 
practicable, according to 250.30(A)(4). If the generator is 
in a building, the preferred grounding electrode is required 
to be one of the following, depending on which grounding 
electrode is closest to the generator location: (I) effectively 
grounded structural metal member or (2) ihe first 5 ft of 
water 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 beyond 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 25().52(A)(3) 
through 250.52(A)(7). 

FPN No. 2: For systems that are not separately 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 Volts 
to 1000 Volts Not Required to Be Grounded 

The following ac systems of 50 volts to 1000 volts shall be 
permitted to 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 

(2) Separately derived systems used exclusively for rectifi- 
ers that supply only adjustable-speed industrial drives 

(3) 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 only qualified persons service the installation. 
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c. 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 altemating-currenl 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 to ground as per- 
mitted by this Code shall not be required to have ground 
detectors. 

New for the 2005 Code, ungrounded electrical systems as 
permiited in 250.21 are required to be provided with ground 
detectors. In the 2002 and previous editions, the installation 
of ground detectors was required only for some very specific 
applications of ungrounded systems (and in impedance 
grounded neutral systems), but (here was only a recommen- 
dation that they be installed on all ungrounded electrical 
systems. The exception lo 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 to 
be the voltage to ground in an ungrounded system, see the 
definition of voltage to ground in Article 100. 

Ungrounded electrical systems are permiited by the 
NEC for the specific functions described in 250.21(1). (2). 
and (3) and for general power distribution systems in accor- 
dance with 250.21(4). Delta-connected. 3-phase. 3-wire. 
24fl-voll 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 
electrical 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 fault 
in an ungrounded system does not result in the operation of 
the overcurrent device — it simply results 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 different ungrounded conductor results in a line-io-line- 
lo-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-faull condition in (he electrical sys- 
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tern. With notification of the ground-fault condition. rathS 
than automatic interruption of (he circuit, the operators 
the process supplied by the ungrounded system can thenu 
the necessary steps to effect an orderly shutdown, deterr 
where the ground fault is located in (he system, and safeli 
perform the necessary repair. 

It should be noted that ungrounded systems are simpiS 
systems without an intentionally grounded circuit conduct 
that is part of normal circuit operation, as is the case in I2| 
240-voll, single-phase, 3-wire: 208Y/I20-vol(. 3-phaseJ 
wire: and 480Y/277-volt. 3-phase. 4-wire systems in wh^ 
there is a grounded conductor thai is used as a circuit condi 
tor. The fact that a system operates without a ground! 
conductor does not exempt tha( system from compIyinS 
with all of the applicable requirements in Article 250 mf 
establishing a grounding electrode system and forequipmepil 
grounding.  These   protective   features   are   required ^ 
grounded and ungrounded electrical distribution systeinn 

250.22 Circuits Not to fie Grounded 

The following circuits shall not be grounded: 

(1) Circuits for electric cranes operating over combustiblS 
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 workini 
zone as provided in Article 668 

(4) Secondary circuits of lighting systems as provided i 
411.5(A) 

250.24 Grounding Service-Supplied 

Alternating-Current Systems 

(A) System Grounding Connections A premises wiring 
system supplied by a grounded ac service shall have 
grounding electrode conductor connected to the grounded 
service conductor, at each service, in accordance wii^j 
250.24(A)(1) through (A)(5). 

(1) General The connection shall be made at any accessible! 
point from the load end of the service drop or service latcrall 
to and including the terminal or bus to which the grounded! 
service conductor is connected at the service disconnecdpll 
means. 

The grounded conductor of an ac service is connected toTS 
grounding electrode system to limit the voliage (o grouffll 
Imposed on (he system by lightning, line surges, and (uniS^ 
lentional) high-vol(age crossovers. Another reason for f 
quiring (his connection is to stabilize the voltage to grout 
during normal operation, including short circuits. These p^l 
formance requirements are stated in 250.4(A) and 250.4(61 

The actual connection of the grounded service conduct^ 
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foterounded electrode conductor is permitted to be made 
•^nous locations, according to 250.24(A)(1). Allowing 

JnSu&locations for the connection to be made continues 
imMt-the overall objectives for grounding while allowing 

•fgalnstaller a variety of practical solutions. Exhibii 250.8 
gjlusSates three possible connection point solutions to where 

Sgrounded conductor of the service could be connected 
: "^-ounding electrode conductor. 

M 
fi^t load end of ' 
Iser^ce drop 

$k 

f^ln accassiDle 
eter enclosure In service 

disconnecting 
means    ^T 

£t 

p&Iilb|l 250.8 An ac service supplied from an overhead distribu- 
ffiionijjystem illustrating three accessible connection points where 
felp»grp.unded service conductor is connected to the grounding 
Eegrode conductor according to 250.24(A)(1). 

111?   FPN: Sec definitions of Service Drop and Service Lat- 
eral ia Article 100. 

|:(2) Outdoor Transformer Where the transformer supply- 
png the service is located outside the building, at least one 
|additiona] grounding connection shall be made from the 
|groundcd service conductor to a grounding electrode, either 
|.W the transformer or elsewhere outside the building. 

Jg||{Exhibit 250.9 for an illustration of an outdoor distribu- 
•JSjIflSysieni transfonner connected to an additional ground- 
fegMeclrode. 

f,'-eption: Th* additional grounding connection shall not 
£ ^ffiade on high-impedance grounded neutral systems. Tlie 

gSpprnjAo// meet the requirements of 25036. 

K^lj,     "^ Fed Services For services (hat are dual fed (dou- 
trk, ^ 'n a common enclosure or grouped together in 
IH - p'^ate enclosures and employing a secondary tie, a single 
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One additional connection lo a grounding electrode 
where transfonner is located outside ihe building 

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 electrode 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 (erminal 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 connections at separate buildings or structures, 
and 250.142 for use of the grounded circuit conductor 
for grounding equipment. 

The power for ac premises wiring systems Is either separately 
derived, in accordance with 250.20(D), or supplied by the 
service. See the definition of .v^rv/c^ 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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a grounding electrode conductor at each service connected 
lo the grounding electrodes that meets the requirements in 
Part III of Article 250. Note that ihe grounding electrode 
requirements for a separately derived system are specified 
in 250.30(AX3) and 250.30(A)(4). 

The grounding electrode conductor connection to the 
grounded conductor is specific. The Code requires that the 
connection be made to the grounded service conductor and 
describes where this connection is permitted. Where the 
iranslbrmer 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 25().24(A)(5) 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). 

(B) Main Bonding Jumper For a grounded 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 each 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 25011, 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 conducioris) to the assembly 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 to 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 permitted to be connected as provided in 250.36 and 
250.186. 

(C) Grounded Conductor Brought to Service Equii 
ment Where an ac system operating at less than 1000 volt^ 
is grounded at any point, the grounded conductor(s) s] 
be run to each service disconnecting means and shall 
bonded   to   each   disconnecting   means   enclosure, 
grounded conductor(s) shall be installed in accordance wit 
250.24(C)(i) through (C)(3), 

Exception: Where more than one service disconnecting 
means are located in an assembly listed for use as servim 
equipment, it shall be permitted to run the grounded conduct 
torfs) to the assembly, and the conductor(s) shall be boruied^ 
to the assembly enclosure. 

If the utility service that supplies premises wiringj 
grounded, the grounded conductor, whether or not it is useM 
to supply a load, must be run to the service equipment,!: 
bonded to the equipment, and be connected to a grounding 
electrode system. Exhibit 250.10 shows an example of tffy 
main rule in 25U.24(C). which requires the grounded scrviS 
conductor lo be brought in and bonded to each service diW 
connecting means enclosure. This requirement is based ^m 
the grounded conductor being used to complete the groundT 
fault current path between the service equipment and tM 
utility source. The grounded service conductor's other funS 
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- Grounded service conductor tram 
3-f)hase, 4-wire grounded system 

For3-phase, / 
4-wirB toad / 

Main bonding jumper 
- Grounding electrode 

conductor 

Exhibit 250.10 A grounded system in which the grounded sea 
vice conductor is brought into a 3-phase. 4-wire service equift 
ment enclosure and to the 3-phase, 3-wire service equipment! 
enclosure, where it is bonded to each sen/ice disconnecting | 
means. 

^circuit conductor for normal loads, is covered in 

Sd 220.61. 
^exception to 250.24(C) permits a single connection 
founded service conductor t» a listed service assem- 
^i as, a switchboard) that contains more than one 

jsconnecling means, as shown in Exhibit 250.11. 

Assembly listed for service equipment 

i,    ,i >4. ^ Main bonding 

m.) tenant / tenant .7 tenant 

•ExhmftwSO.'n  Oneconneclionaflhe grounded service conduc- 
p^listed service assembly containing multiple sen/ice discon- 

IflgctinqTIneans, in accordance with 250 24(C), Exception. 

^IRouting and Sizing This conductor shall be routed with 
itnefphase conductors and shall not be smaller than the re- 
Kuired grounding electrode conductor specified in Table 
125(56 but shall not be required to be larger than the largest 
Engrounded service-entrance phase conductor. In addition, 
Wfoitservice-entrance phase conductors larger than 1100 kemil 
Koppcr or 1750 kcmil aluminum, the grounded conductor 
BroULnot be smaller than 12W percent of the area of the 
Ettgest.service-entrance phase conductor. The grounded con- 
ductor of a 3-phase, 3-wire delta service shall have an ampac- 
iL^Tnot less than that of the ungrounded conductors. 

EljIParallel Conductors Where the service-entrance phase 
Conductors are installed in parallel, the size of the grounded 
E&nductor shall be based on the total circular mil area of 
Ejaparallel conductors as indicated in this section. Where 
Ens&lled in two or more raceways, the size of the grounded 
Egoductor in each raceway shall be based on the size of the 
Ungrounded service-entrance conductor in the raceway but 
Boiler than 1/0 AWG. 

•FPN; See 310.4 for grounded conductors connected in 
•Parallel. 

ij^J^niultiple raceway or cable service installation, the 
i.size for the grounded conductor in each raceway 

•rwhere conductors are in parallel cannot be less 
 ^^AWG. Although the cumulative size of the parallel 

JiS|pi^9 conductors may be larger than is required by 
|H^&p(i). the minimum 1/0 AWG per raceway or cable 

correlates with the requirements for parallel 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 service 
conductor to the grounding electrode(s) required by Part III 

of this article. 
High-impedance grounded neutral system connections 

shall be made as covered in 250.36. 

FPN: See 250.24(A) for ac system grounding connec- 

(E) Ungrounded System Grounding Connections A 
premises wiring system that is supplied by an ac service 
that is ungrounded shall have, at each service, a grounding 
electrode 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 conductors 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 neutral conductor 
(3) Multiphase systems having one wire common to all 

phases — the common conductor 
(4) Multiphase systems where one phase is grounded — 

one phase conductor 
(5) 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 systems where it is mandatory to 
ground the system, this requirement also identifies which 
conductor is lo 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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The (cnn syswin ht'iulinii jumper is new lor ihc 2005 Cotle. 
This new lenn disiinjiuishcs the system bonding jumper 
installed in ihc disconnecting means enclosure supplied from 
a scpuralcly derived sysiein from the main bonding jumper 
insUillcd only In a sen'ice disconnecting means enclosure. 
See die commentary lollowing the Article UK) definition of 
hitiuliiiti jumper, .sy.swni. 

(A) Material Main bonding jumpers and system bonding 
jumpers shall be of copper or other corrosion-resistant mate- 
rial. A main bonding jumper and a system bending jumper 
shall be a wire, bus. screw, or similar suitable conduclor. 

(B) Construction Where amain 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 250.2S(B) specifies thai where a screw 
is used for ihe main or system bonding jumper, the screw 
must have a green color (hat is visible when it is installed. 
This ideniifieation requirement makes h possible to readily 
distinguish the bonding jumper screw from other screws 
in the grounded conduclor terminal bar. to ensure thai the 
required bonding connection has been made. 

(C) Attachment Main bonding jumpers and system bond- 
ing jumpers shall be attached in the manner specified by the 
applicable provisions of 250.8. 

(D) Size Main twinding jumpers and systembondingjump- 
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 \2l/i percent of the area 
of the largest phase conductor except thai, where the phase 
conductors and the bondingjumper 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 minimum 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 calculation that establishes 
a proportional relationship between the size of the largest 
ungrounded supplv conductor and the minimum conductor 
size (cross-sectional area) necessary to create an effective 
ground-fault current return path for short-time high-current 
conditions. 

In a grounded system, the primary function of the main 
bonding jumper and of (he system bonding jumpers is to 

create the link for ground-fuult current between the equip. 
mem grounding conductors and the grounded conductor. 
Table 250.66, Grounding Electrode Conductor for Aliernat^ 
ing-Currcnt Systems, has a number of fundions in Article 
250 in addition to its use for sizing the grounding electrode 
conductor. It is used in several sections of Article 250 fot 
sizing various supply-side conductors of the grounding and 
bonding system. Section 250.28(D) refers to Table 250.66" 
lor directly sizing main and system bonding jumpers where 
ihe ungrounded conductors do not exceed 1100-kcmil copper 
or 1750-kcmil aluminum. 

Unlike the function of the grounding electrode conduc-' 
tor. which carries current to the ground or to the conducting 
body that serves as ground {via connection to 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 conducloi 
exceeds the parameters of Table 250.66. it is necessary to 
niainlain a proportional relationship between the ungrounded 
conduclor and ihe main or system bonding jumper. Ground- 
ing electrode conductors are not required to be larger than 
3/0 AWG copper or 250-kcmil aluminum conductors, but 
to establish the minimum size for the main or system bonding 
jumper for ungrounded conductors exceeding llOO-kcmil 
copper or 1750-kcmi! aluminum, its circular mil area cannol 
be less than \2V2 percent of the circular mil area of ths 
largest ungrounded conduclor (tor conductors in parallel 
ihe total area of the largest phase set). Ii should he noted 
that where a main or system bonding jumper is provided a< 
part of listed equipment, such as is the case with manj 
panelboards and switchboards listed for use as service equip- 
ment, it is not necessary to replicate this bonding junipei 
with another one sized in accordance with 250.28(Dj.      , 

To apply the bonding jumper requirements, each line 
side service equipment enclosure is treated separately, ai 
depicted in l:xhibii 250.12. The main bonding jumper in ih( 
left enclosure is a 4 AWG copper conduclor. Based on thf 
3/(1 AWG ungrounded service conductors supplying the 200 
ampere circuit breaker and Table 250.66. the minimum-sizf 
main bonding jumper for this service equipment enctosuti 
is 4 AWG copper. Similarly, the I/O AWG main bondin] 
jumper for the enclosure on the righi is derived from Tablj 
250.66 using the 500-kcmil ungrounded service conduetors 

In addition to the main bonding junipers for the twi 
disconnecting means enclosures, other conductors showi 
in Exhibit 250.12 are sized using Table 250.66. First, thi 
grounding electrode conductor at 2/0 AWG is full-size* 
based on Table 250.66 using the 750-kcmiI ungrounded 
service conductor as the basis lor selection. Ii should b< 
noted that there are conditions where the grounding electiwj 
conductor is permitted to sized smaller than what is require* 
in the table: see 250.66. 

Next. Ihe Grounded conductor run to each enclosure i| 
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750 — 

Supply conductors 

Minimum 2/0 AWG grounded conductor 

2/0 AWG supply-side equipment bonding jumper 

grounded    •* AWG 
conductor    main bonding 

jumper 

'Exhibit 250.12 An example of the bonding requirements tor 
satvice equipment. 

accordance wilh 250.24(B) is sized using Table 250.66 as 
the'minimum size permitted. For the grounded conduclor. 
the reference lo Table 250.66 is found in 25I).24(C)( I). For 
each enclosure, the minimum size grounded conduclor is 
established based on ihc largest ungrounded conductor serv- 
ing that enclosure. The grounded conduclor is also subjecl 
to the requirements of 220.61 covering the conductor's ca- 
pacity for unbalanced load, which could result in having io 
increase the size to larger than what was deicrmined from 
Table 250.66. 
"^Finally, supply-side equipment  bonding jumpers are 

| used for the ihree bonding metal conduits containing service 
I conductors and the metal wireway located above the two 
| service equipmeni enclosures. These bonding jumpers are 
I also  sized   from   Table   250.66   via   a   reference   from 
| 250.102(C), The bonding jumpers for ihe raceways are sized 

based on the ungrounded conductors contained in each metal 
service raceway. 

. - "* For the metal conduit entering the top of the wirewav 
and the wireway itself, the bonding jumper is sized from 

I .lable 250.66 based on the 750-kcniil main service-entrance 
conductors and cannot be less than a 2/0 AWG copper con- 
ductor. The service-entrance conductors to the enclosures 
are-3/0 AWG and SOO-kcmil copper, based on the loads 

! supplied from each enclosure. The bonding jumpers for the 
siton nipples are sized based on the size of the phase conduc- 

, ors supp|yjn<, each disconnecting means. In this case, the 
j ^1 raceway nipples containing the 3/0 AWG and 500- 
f    mil ungrounded service conductors require minimum 4 
|      O and I/O AWG copper supply-side equipment bonding 
Nepers, respectively. 

There are instances, particularly with large capacity ser- 
vices or separately derived systems, where the main or sys- 
tem bonding jumper is required to he larger than ihe 
grounding electrode conductor. Section 250.2S(D) requires 
thai where the service-en trance conductors are larger than 
IMlO-kcmil copper or 1750-kcmil aluminum, the bonding 

jumper is to have a cross-sectional area of not less than 12 
'^percent of the cross-sectional area of the largest phase 
conductor. For example, if a service is supplied by four SOO- 
kcmil conductors in parallel for each phase, ihe minimum 
cross-sectiunul area of die bonding jumper is calculated as 
follows: 4 X 500 Umil = 2000 kemil. Therefore, the main 
or system bonding jumper cannot be less than 12'/: percent 
of 2000 kemil. which results in a 250-kcmil copper conduc- 

. tor. The copper grounding electrode conduclor for this set 
of conductors, based on Table 250.66. is not required io be 
larger than 3/0 AWG. 

250.30 Grounding Separately Derived 

Alternating-Current Systems 

(A) Grounded Systems A separately 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 connections at separate buildings 
or stnicturcs, and 250.142 for use of the grounded circuit 
conductor for grounding equipment. 

Exception: Impedance grounded neutral system grounding 
connections shall he made as specified in 250.36 or 250.186. 

Section 250.30(A) provides the requircmenls for bonding 
and grounding the separaiely derived systems described in 
250.20( D). A se/Kinitely derived system is defined in Article 
100 as a premises wiring system in which power is derived 
from a battery, a solar photovoltaic system, a generator, a 
transformer, or convener windings. It has no direct electrical 
connection, including a solidly connected grounded circuit 
conductor,   to  supply  conductors  originating   in  another 

The requirements of 250.30 are commonly applied to 
480-vott iransformers thai transform a 480-volt supply to a 
208Y/120-vott system for lighting and appliance loads. 
These requirements provide for a low-impedance path to 
ground so lhat line-to-ground faults on circuits supplied by 
the transformer result in a sufficient amount of current to 
operate the overcurrent devices. These requirements also 
applv to generators or systems that are derived from con- 
verter windings, although these systems do not have the 
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same wide use as separately derived sysiems lhac are derived 
Irom transloriners. 

(I) 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 single point on the separately 

derived system from the source lo the first system discon- 

necting 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. 

Where a separately derived system provides a gmunded 

Limduttor. a system honding jumper must be installed to 

connect the «|uiptiwm grounding tnnducturs to the 

grounded conductor. &|ui|,menl grounding conductors are 

connected to the grounding eleclrode system bv the .^round- 

ing electrode conductor. The system bonding jumper is sized 

according to 25I1.28(D| and may he located at any point 

between the source tcritlinnls (transformer, generator, ctc.l 

and the first disconnecting means or overcurrenl device See 

the c-.iininentary following 25I).28(D) for further information 
on sizing the system bonding jumper. 

Exception No. I: For separalely derived systems that an 
dual fed (double ended) in a common enclosure or grouped 
together in separate enclosures and employing a secondary 
lie. a single system bonding jumper connection lo the tie 
point of the gmunded circuit conductors from each power 
source shall be pennitted. 

Exception No. 2: A system bonding jumper at both the 
source and the first disconnecting means shall be pennitted 
where doing so does not establish a parallel path for the 
grounded conductor. Where a gmunded conductor is used 
m this nuinner. it shall not be smaller than the size specified 
for the system bonding jumper but shall not be requited to 
be larger than the ungrounded conductor(s). For the pur- 
poses of this exception, connection through the earth shall 
not be considered as providing a parallel path. 

Exception No. S: The size of the system bonding Jumper for 
o system that supplies a Class I, Class 2. or Class 3 circuit 
and ,s derived from a transformer rated nol more than 1000 
volt-amperes, shall not be snmller than the derived phase 
conductors and shall not be stnaller than 14 AWG copper 
or 12 AWG aluminum. 

Section 25(UO(AMI» requires the svstem bondin" jumper 

I" be not smaller than the sizes given in Table 250.66. lhat 

is. not smaller than 8 AWG copper. 

250.301 A)l 11 permits a system bonding jumper for a ClasI 

I. Class 2. or Class .1 circuit lo be not smaller than 14 AWG 
copper or 12 AWG aluminum. 

(2) Equipment Bonding Jumper Size Where a bondin. 

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 Separatcl, 

Derived System A grounding electrode conductor for a 

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- 

tem 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. I: Where the system bonding jianper speci- 
fied in 250.301 AKI) is a wire or busbar, it shall be permitted 
to connect the gmunding electrode conductor to the equip- 
ment grounding terminal, bar. or bus. pmvided 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 sen-ice or feeder 
equipment to the gmunding eleclmde shall be permitted as 
the gmunding eleclmde conductor for the separately derived 
system, provided the grounding electrode conductor is of 
sufficient size for the separately derived svstem. When; the 
equipment ground bus internal to the equipment is not 
smaller than the required gmunding eleclmde conductor 
for the separately derived system, the gmunding eleclmde 

'onnecuonforthe separately derivedsvstemshallbepermit- 
ted to be made to tlie bus. 

Exception No. 3: A gmunding eleclmde conductor shall nol 
be required for a system that supplies a Class I. Class 2. 
or Class 3 circuit and is derived fmm a transformer rated 
not more than 1000 volt-amperes, pmvided the gmunded 
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 
gmunded by one of the means specified in 250.134. 

If a separately derived system is required lo be grounded.: 

the conductor to.bc grounded is allowed to be connected lo ' 

Ihe grounding electrode system at any location between the ; 

source terminals (transformer, generator, ctc.l and the lirst 
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disconnecting means or overcurrent device. The location of 

libe'.grounding electrode conductor connection to the 

•grounded conductor must he at the same point as where the 

bonding jumper is connected to the grounded conductor. By 

l^tablishiug a common point of connection, normal neutral 

feutrent will be carried only on Ihe system grounded conduc- 

itor. Metal raceways, piping systems, and structural steel 

Imistnot provide a parallel circuit for neulral current, Exhib- 

250.13 and 250,14 illustrate examples of gmunding elec- 

trode connections for separalely derived systems. 

Equipment grounding 
conductor 

jj Nearest grounding electrode 

System bonding jumper 

Isolated neutral terminal 

Grounding electrode conductor 

-.Exhibit 250.13 A grounding arrangement for a separately de- 
prived system in which the grounding electrode conductor connec- 
ipn^is made at Ihe transformer. 

(4) Grounding Electrode Conductor, Multiple Sepa- 
rately Derived Systems Where more than one separately 
derived system is installed, it shall be permissible to connect 
* tap from each separalely derived system to a common 
grounding electrode conductor. Each tap conductor shall 
connect the grounded conductor of the separately derived 
system to the common grounding electrode conductor. The 
Erounding electrode conductors and taps shall comply with 
250.30(A){4)(a) through (A)(4)(c). 

txception No. J: Where (lie system bonding jianper speci- 
fied in 2S0.30(A)(I} is a wire or busbar, it shall be pennitted 

0 connect the grounding electrode conductor to the equip- 
"IenI grounding terminal, bar. or bus, provided the equip- 
tnent grounding terminal, bar, or bus is of sufficient size for 
'he separately derived system. 

Equipment grounding 
conductor 

System bonding jumper 
Nearest grounding electrode 

Grounding electrode conductor 

Exhibit 250.14 A grounding arrangement for a separalely de- 
rived system in which the grounding electrode conductor connec- 
tion is made at the first disconnecting means. 

Exception No. 2: A grounding electrode conductor shall not 
be required for a system thai supplies a Class J. Class 2. 
or Class 3 circuit and is derived from a transformer rated nol 
more than 1000 volt-amperes, provided the system 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. J 34. 

(a) Common Grounding Electrode Conductor Size. The 
common grounding electrode conductor shall not be smaller 
than 3/0 AWG copper or 250 kemil aluminum. 

(b) Tap Conductor Size. Each tap conductor shall be 
sized in accordance with 250.66 based on the derived phase 
conductors of the separately derived system it serves. 

Exception: Where a separately derived system originates in 
listed equipment suitable as service equipment, the ground- 
ing electrode conductor from the service or feeder equipment 
to the grounding electrode sliall be permitted as the ground- 
ing elecirode conductor for the separately derived system, 
provided the grounding elecirode conductor is o' -'fficient 
size for the separately derived system. Where th -nt 
ground bus internal to the equipment is not sn 
required grounding electrode coiuJuctor fo' 
derived system, the grounding electrode c A, 
separately derived system shall be perrr ^ 
the bus. 
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250.30 Article 250 — Grounding and Bonding 

(3) Connections. All lap connections to the common 
grounding electrode conductor shall be made at an accessible 
location by one of the following methods: 

(1) A listed connector. 
(2) Listed connections to aluminum or copper busbars not 

less than 6 mm X 50 mm (V* in. X 2 in.). Where 
aluminum busbars are used, the installation shall comply 
with 250.64(A). 

(3) By the exothermic welding process. 

Tap conductors shall be connected lo the common 
grounding electrode conductor in such a manner that the 
common grounding electrode conductor remains without a 
splice or joint. 

A common grounding elecirodc conductor serving several 
separately derived systems is permiiicd instead of installing 
separate individual grounding electrode conductors from 
each separately derived system to the grounding electrode 
system. A lapped grounding eleclriHic coiutuctor is installed 
from the common grounding electrode comluclnrui the pnitii 
of conneclion to the individual separalely derived system 
grounded cunducior. This tap is sized from Table 250.66 
bused on the si/.e of the ungrounded conduciurs for that 
individual separately derived system. 

The sizing requirement for the common grounding elec- 
trode conductor was revised for die 2005 CWc. So thai the 
grounding electrode conductor always has sufficient size to 
iiccommodate die multiple separately derived systems iliai 
it serves, the miniinum size for this uoiuluctor is now 3/0 
AWG copper or 250-kcniil aluminum. Note thai this new 
minimum size for the common grounding electrode conduc- 
tor correlates with the maximum size grounding electrode 
conducior required by Table 250.66; therefore, the 3/0 AWG 
copper or 250-kcmil aluminum becomes the maxinnim size 
required for the common grounding electrode conductor. 
The sizing requirement for the common grounding elecirodc 
conducior is specified in 250.30(AM4)(a). and the sizing 
requiremenl lor the individual tups to the common grounding 
electrode conductor is specified in 250.30(AM4Hb}. The 
rules covering the method of connection of the lap conductor 
lo the common grounding electrode conductor arc specified 
in 250.3(KAK4Hc). The foltowing example, together with 
Exhibit 250.15. illustrates this new permitted installation 
method. 

Example 

A large post-and-beam lol'i-type building is being renovated 
for use as an office building. The building is being furnished 
with four 45-kVA. 480 lo l20/20S-voli. 3-ptuse. 4-wire. 
wye-connected transformers. Each iransfornier secondary 
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supplies an adjacent 150-ampere main circuit breaker pan-j 
elboard using 1/0 AWG. Type THI1N copper conductorsj 
The transformers are strategically placed throughout (he| 
building to facilitate efficient distribution. Because the build-Ij 
ing contains no effectively grounded stnictural steel, eachv 
transformer secondary must be grounded to the water service| 
electrode within the first 5 fi of entry into the building. Ai| 
common grounding electrode conductor has been selected asj 
the method to connect all the transformers lo the grounding| 
electrode system. | 

Whai is the minimum-size common grounding elecirodef 
conductor thai must he used to connect the four trans forme rs| 
lo ihe grounding electrode system'.' What Is (he minimum-| 
size grounding electrode conductor to connect each of the< 
four transformers to the common grounding elecirodc con-' 

Sotution 

Sn-i'  I. Determine  the  minimum 
grounding    electrode 

size   for the  common 
i\ 

itely derivedi 
WC copper! 
• not smaller;* 

conductor, in accordance with 
50.30(A)(4)ia). the minimum size required is 3/0 copper 

or 250-kcmil aluminum. No calculation is necessary, and 
the common grounding electrode conducior docs not have to| \ 
be sized larger than specified by this requiremenl. Additional 
transformers insialled in the building can be connected to 
this common grounding electrode conductor, and no increase; 
in its size is required. 

S'lKP 2. Determine the size of each individual gronndii 
electrode tap conducior for each of the separately derivedi 
systems. According to Table 250.66. a 1/0 AWG 
derived phase conductor requires a conducior 
than 6 AWG copper for each transformer grounding elec-J 
node tap conductor. This individual grounding electrode) 
conducior will be used as the permitted tap conducior antf 
will run from the conductor to be grounded of each separately: • 
derived system to a conneclion point located on ihecoinmonj 
grounding electrode conductor. This conductor is iabeledj, 
"Conducior B" in Exhibit 250.15. \ 

1 
(5) Installation The installation of all grounding electrode 

conductors shall comply with 250.64(A). (B), (C), and (E). 

(6) Bonding Structural steel and metal piping shall be 
bonded in accordance with 250.104(D). 

(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 in 
250.52(A)(1) 
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Exhibit 250.15 The ground- 
ing arrangement tor multipte 
separately derived systems 
using laps from a common 
grounding electrode conduc- 
tor, according to 
250.30(A)(4)(a) and 
250.30(A)(4)(b). 

i3a 

IndMduaf groundlngN 
electrode conductor 
6 AWG copper typical 
lo the 4 transformers 

Conductors 

Common 
grounding 

conductor, 
3/0 AWG 

Metal underground 
water pipe 

Supplementary ground rod 
electrode (10-ft ground rod) 

(2) Structural metal grounding electrode as specified in 
250.52(A)(2) 

Exception No. I: Any of the other electrodes identified in 
250.52(A) shall be used where the electrodes specified by 
250.30(A)(7) are not available. 

Exception No. 2 to (I) arid (2): Where a separately derived 
system originates in listed equipment suitable for use as 
service equipment, tlte grounding electrode used for the ser- 
vice or feeder equipment shall he permitted as the grounding 
electrode for the separately derived system. 

FPN: See 250.104(D) for bonding requirements of inte- 
rior metal water piping in the area served by separately 
derived systems. 

Section 250.30(A)(7) requires that the grounding electrode 
be as near as is practicable to the grounding conducior con- 
nection to the system to minimi/e the impedance lo ground. 
It an effectively grounded struciural metal member of the 

_ Iding structure or an effectively grounded metal water 
P'pe.is available nearby. 250.3O(AK7i requires thai it he 
^cdas the grounding electrode, for example, where a trans* 
fonner 's installed on the fiflieih floor, the grounding elec- 
uode,conducior is not required to he run to ihe service 
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grounding electrode system. However, where an effectively 
grounded metal water pipe is used as an elecirodc for a 
separately derived system. 250.52<A| specifics thai only the 
lirst 5 ft of water piping entering ihe building can be used 
as a grounding electrode. Therefore, the grounding electrode 
conductor conneclion to the metal water piping must be 
made at some point on this first 5 ft of piping. 

Concern over ihe use of nonmeiallic piping or fillings 
is the basis for the "within 5 ft" requirement. Where the 
piping sysiem is located in an indusirial 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 ai any point on the piping system. 

The practice of grounding the secondary of an isolating 
transformer to a ground rod or running the grounding elec- 
trode conducior back iiuhe service ground (usually lo reduce 
electrical noise on data processing systems) is not permitted 
where either of the electrodes covered in item (I) or item 
(2tof 25().30(AK7) is available. However, an isolation trans- 
former that is part of a listed power supply for a daia pro- 
cessing room is not required to be grounded in accordance 
with 250..30(A)(7). but it must be grounded in accordance 
with ihe manufaclurer's instructions. 

Exhibit 250.13 and Exhibit 250.14 are typical wiring 
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250.32 Article 250 — Grounding and Bonding 

diagrams for dry-iype iransformers supplied from a 480- 
volt. 3-phase feeder to derive a 208Y/120-volt or 480Y/277- 
voll secondary. As indicated in 250.30(A)(1), the bonding 
jumper connection is required to be sized according to 
250.28(D). In Exhibit 250.13. this connection is made at the 
source of the separately derived sysiem. 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 (neutral) 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 grounding electrode 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 each raceway shall be based on the size of the 
ungrounded conductors in the raceway but not smaller than 
I/O AWG. 

FPN: See 310.4 for grounded conductors connected in 
parallel. 

(c) 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 
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derived phase conductors, shall be used to connect the metal • 
enclosures of the derived system to the grounding electrode, 
as specified in 250.30(B)(2). This connection shall be made' 
at any point on the separately derived system from the source: 
to the first system disconnecting means. 

For ungrounded separately derived systems, a grounding' 
electrode conductor is required to be connected to the metal; 
enclosure of the system disconnecting means. The grounding; 
electrode conductor is sized from Table 250.66 based oii; 
the largest ungrounded supply conductor. This connection, 
establishes a reference to ground for all exposed non-cur- 
rent-carrying metal equipment supplied from the un-a_ 
grounded system. The equipment grounding conductors ofj 
circuits supplied from the ungrounded system are connected 
to ground via this grounding electrode conductor connection.! 

T 
lj   ... 

(2) Grounding Electrode Except as permitted by 250.34;   ^ 
for portable and vehicle-mounted generators, the grounding • 
electrode shall comply with 250.30(A)(7). j 

{ 
250.32 Buildings or Structures Supplied by 

Feeder(s) or Branch Circuit(s) | 

(A) Grounding Electrode Building(s) or structure(s) sup; 
plied by feeders) or branch circuil(s) shall have a grounding 
electrode or grounding electrode system installed in accor- 
dance with 250.50. The grounding electrode conductoi(s). 
shall be connected in accordance with 250.32(B) or (Q. 
Where there is no existing grounding electrode, the ground? 
Ing electrode(s) required in 250.50 shall be installed. 

Where a building or structure  is supplied by a  feeder* 
250.32(A) requires that a grounding electrode sysiem 1 
established at each building or structure supplied, unless one] 
already exists. The equipment grounding bus must be bonded! 
to the grounding electrode system, and the disconnecting 
means enclosure, building steel, and interior metal walefl 
piping are also required to be bonded to the grounding! 
electrode system. All exposed non-current-carrying metBll 
parts of electrical equipment are required to be groundctM 
through equipment grounding conductor connections to th^T 
equipment  grounding  bus at  the  building  disconnectind 
means. The connection of the grounded (neutral) conductofl 
to the grounding electrode system, as shown in ExhibilJ 
250.16. is permitted only where it can be ensured that suclj 
a connection does not establish a parallel circuit path foj 
normal neutral current on equipment grounding conductors 
metal shields of cables not intended to be used as a current^ 
carrying conductor, metal piping systems, or other meta 
structures that are continuous between buildings. 

Building 3 

No continuous metallic paths between buildings 

|Eyhiblt 250.16 Example of grounding electrode systems re- 
iquired at feeder-supplied Building 2 and Building 3, in accordance 
Kith 250.32(A). 

Exception: A grounding electrode shall not be required 
where*only a single branch circuit supplies the building 
or structure 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. 

^hcre a building is supplied by a single branch circuit (2- 
gire-or multiwire) and is installed in or has a wire-type 

'" S^Pnien^grounding conductor, as covered in 250.118. it 
% Mo| required lo establish a grounding electrode system or 
^   ^Jgnect to an existing one. Where the installation occurs at 

^e^han a dwelling unit, the disconnecting means at the 
I   SjSSJ!? building is required to be suitable for service equip- 

|v    jlpiln accordance with 225.36. See Exhibit 250.17 for an 
^nple of this provision. 
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^^L;(B) Grounded Systems For a grounded system at the sepa- 
rate building or structure, the connection to the grounding 
^electrode and grounding or bonding of equipment, stmctures. 
W, frames required to be grounded or bonded shall comply 

WW^ eid£r 250-32(BKl) or (B>(2)- 
^(l) Equipment  Grounding  Conductor An  equipment 
--: | grounding conductor as described in 250.118 shall be run 
^H-With the supply conductors and connected to the building 
|^9r structure disconnecting means and to the grounding elec- 
i||     e(s). The equipment grounding conductor shall be used 
IPS  r ^ounding or bonding of equipment, structures, or frames 
| Quired to be grounded or bonded. The equipment ground- 
gy| c°nductor shall be sized in accordance with 250.122. 

S to th insta^ed grounded conductor shall not be connected 
Beleetr e<1Uipinem grounding conductor or to the grounding 
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Main building 
service equipment 

s 
Connection to 
grounding etectrode ^_^ 
not required for single 
branch-circuit 
disconnecting means 

Remote building 

1 ̂ 

-J F 
: 

M ^^, i-v^-n *          a ^ - '-'J 
/ 

One branch circuit with 
equipment grounding conductor 

/ 

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 permitted lo 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 feeders), 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 lo be grounded or bonded. The 
size of the grounded conductor shall not be smaller than the 
larger of either of the following: 

(1) Thai 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 parallel paths 
for normal neutral current on grounding conductors, metal 
raceways, metal piping, and other metal structures. In the 
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Main building 
service equipment 

iv.'^nvm. mm, mmmsmm 

Remote building 

^^ 

/ 

mm*mmim^m 

r 
Feeder with equlpmenl 
grounding conductor lo 
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 parallel paths for neu- 
tral current along the electrical system and along other con- 
tinuous metallic piping and mechanical systems as well. 
Connection 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 return circuit, it is required to 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 
curaenl and is also the circuit conductor used to create an 
effective ground-fault current return path. Therefore, il 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 no prohibition on installing a 
full-size grounded (neutral)conducior. thus ensuring compli- 
ance with both 250.122 and,220.61. 

(C) Ungrounded Systems The grounding elect rode (jm 
shall be connected to the building or structure disconnectingl 
means. 

(D) Disconnecting Means Located In Separate Buildingl 
or Structure on the Same Premises Where one or mor« 
disconnecting means supply one or more additional builds' 
ings or structures under single management, and where lhcs« 
disconnecting means are located remote from those buildingS 
or structures in accordance with the provisions of 225,32B 
Exception Nos. 1 and 2, all of the following conditions shajil 

(1) The connection of the grounded conductor to thiS 
grounding electrode at a separate building or stnictui^ 
shall not be made. 

(2) An equipment grounding conductor for grounding anjj 
non-current-carrying equipment, interior metal pipingl 
systems, and building or structural metal frames is ma 
with the circuit conductors to a separate building oS 
structure and bonded to existing grounding electrode(sM 
required in Part III of this article, or, where there arS 
no existing electrodes, the grounding e!ectrode(s) rej 
quired in Part III of this article shall be installed whenS 
a separate building or structure is supplied by more thaij 
one branch circuit. 

(3) Bonding the equipment grounding conductor to tbfl 
grounding electrode at a separate building or structi 
shall be made in a junction box, panelboard, or similaj 
enclosure located immediately inside or outside the sepj 
arate building or structure. 

Exhibit 250.19 illustrates an installation in which the discp^ 
nect for Building 2 is located in Building I. SecticM 
250.32(D) applies to separate buildings or structures that del 
not have a disconnect, as permitted by Exception No. I andl 
Exception No. 2 to 225.32. The feeder conductors mu^ 
lemiinate in a panelboard. junction box. or similar enclosi^M 
that is located immediate to the point the supply conductors 
enter the building or structure inside or outside the buildingl 

An equipment grounding conductor must be run witfw 
the feeder conductors, the grounded conductor must not aj 
bonded to the enclosure or equipment grounding bus, a^H 
the equipment grounding bus must be connected to a ne^ 
or existing grounding electrode system at the second builoj 
ing. All non-current-cairying metal parts of equipmeiSJ 
building steel, and interior metal piping systems must 1 
connected to the grounding electrode system. 

(E) Grounding Electrode Conductor The size of thej 
grounding electrode conductor to the grounding electrode(s|I 
shall not be smaller than given in 250.66, based on tbcj 

Building 2 

fgfh|g|ti250.19 Grounding and bonding requirements lor a 
Ksepjaraiejbuilding under single management with the disconnect 
ferfflj&lpcated from the building. 

lUraest ungrounded supply conductor. The installation shall 
Bomply with Part III of this article. 

^cmnding electrode system is connected to the grounded 
^nSjclor and/or the equipment enclosures by the grounding 
[elcanxielconductor(see definition in Article 100) according 
TwmSf&i for services, to 250.30 for separately derived sys- 
fieiiiflEmd to 250.32 for two or more buildings supplied from 
^common service. Each of these sections directs the user 

ne general requirements; that is. the grounding 
^conductor must comply with Part III of Article 
evision to the 2002 Code clarified that where a 

^^^r branch circuit supplies a building or structure, the 
LQnductor used lo connect the equipment grounding conduc- 

B^^ms permitted by 250.32(B)(2). the grounded conductor 
BPrJ Jgrounding electrode system is a grounding electrode 
KonlluEtor arid must be sized in accordance with 250.66. 

1*5034 Portable and Vehicle-Mounted 
generators 

^^ptortable Generators The frame of a portable genera- 
Ejjl|hali not be required to be connected to a grounding 
Ejgcti:ode as defined in 250.52 for a system supplied by the 
Eggator under the following conditions: 

laaEj6 generator supplies only equipment mounted on the 
Igenerator, cord-and-plug-connected equipment through 
Ireceptacles mounted on the generator, or both, and 

IgMThe non-current-carrying metal parts of equipment and 
EVle equipment grounding conductor terminals of the 
fcceptacles are bonded to the generator frame. 

Jjgjjgjygdescribes equipment that is easily carried by per- 
m^lffrpm one location to another. Mobile describes equip- 

ment, such as vehicle-mounted generators, thai 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 receptacles 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 equipment located on the 
vehicle or cord-and-plug-connected equipment through 
receptacles mounted on the vehicle, or both equipment 
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 to the vehicle frame. The non-cufrent-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 portable 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 

2005    National Electrical Code Hmnibt mjjjjSjpl Electrical Code Handbook    2005 205 



250.36 Article 250 — Grounding and Bonding Article 250 — Grounding and Bonding 250.52 

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 volts 
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. IEEE 
Transaciions on Industry Applications, Vol. 1A-I5. No. 2. 
March/April 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 fault. 
The grounding impedance is usually selected to limit 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 fault 
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. 

^ Insulated neutral conductor 

- Grounding impedance 

Unspliced equipment bonding jumper 

No line- 
lo-neutral 

Exhibit 250.20 Schematic diagram of a high-impedance 
grounded neutral system. 

High-impedance grounded neutral systems shall comply 
with the provisions of 250.36(A) through (G). 

(A) Grounding Impedance Location The grounding im-i 
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 neutrall 
derived from a grounding transformer. 

(B) Neutral Conductor The neutral conductor from the! 
neutral point of the transformer or generator to its connection 1 
point to the grounding impedance shall be fully insulated. 

The neutral conductor shall have an ampacity of notl 
less than the maximum current rating of the grounding im] 
pedance. In no case shall the neutral conductor be smallerl 
than 8 AWG copper or 6 AWG aluminum or copper-cladf 
aluminum. 

The current through the neutral conductor is limited by thS 
grounding impedance. Therefore, the neutral conductor i^ 
not required to be sized to carry high-fault currenl. ThS 
neutral conductor cannot be smaller than 8 AWG copper oj 
6 AWG aluminum, 

(C) System Neutral Connection The system neutral con-1 
ductor shall not be connected to ground except through thel 
grounding impedance. 

FPN: The impedance is normally selected 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 ovcrvol- 
tages ID safe values. For guidance, refer to criteria for 
limiting transient overvoltages in ANSI/IEEE 142-1991. 
Recommended Practice for Grounding of Industrial and 
Commercial Power Systems. 

Additional information can be found in "'Charging Curretffl 
Data for Guesswork-Free Design of High-Resistant^ 
Grounded Systems." by D. S. Baker. IEEE Transaciions oW 
htdustry Applications, Vol. IA-l5.No. 2. March/April 197^ 
and "High-Resistance Grounding." by Baldwin Bridgcr. JS 
/EEE Transaciions on Industry Applications, Vol. IA-1^ 
No. I, January/February 1983. 

(D) Neutral Conductor Routing The conductor connect-J 
ing the neutral point of the transformer or generator to tbel 
grounding impedance shall be permitted to be installed icl 
a separate raceway. It shall not be required to run this conduc J 
tor with the phase conductors to the first system disconj 
necting means or overcurrent device. 

(E) Equipment Bonding Jumper The equipment bondiogl 
jumper (the connection between the equipment grounding 
conductors and the grounding impedance) shall be an unT 
spliced conductor run from the first system disconnecting 
means or overcurrent device to the grounded side of thej 
grounding impedance. 

ifF). Grounding   Electrode   Conductor   Location The 
•grounding electrode conductor shall be attached at any point 
•from the grounded side of the grounding impedance to the 
fcauipment grounding connection at the service equipment 
lor first system disconnecting means. 

KiG) Equipment Bonding Jumper Size The'equipment 
•bonding jumper shall be sized in accordance with (I) or (2) 
jafollows: 

Kf) 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 service or the derived phase conductors for a separately 
;t derived system. 

E'2) Where the grounding electrode conductor is connected 
•Fat the first system disconnecting means or overcurrent 

'•device, the equipment bonding jumper shall be sized 
*thc same as the neutral conductor in 250.36(B). 

El.' Grounding Electrode System and 
Grounding Electrode Conductor 

§250.50 Grounding Electrode System 
•All), grounding electrodes as described in 250.52(A)(1) 
Eirpugh (A)(6) that are present at each building or structure 
Kgryed shall be bonded together to form the grounding elec- 
Brode^system. Where none of these grounding electrodes 
Exist, one or more of the grounding electrodes specified in 
K50£2(A)(4) through (A)(7) shall be installed and used. 

Ejection^ 250.50 introduces the important concept of a 
TigCgundirig.electrode system." in which all electrodes are 
Jgjjjjegjtogether, as illustrated in Exhibit 250.21. Rather than 
E^Elianceon a single grounding electrode to perform its 
_inction over the life of the electrical installation, the NEC 
|j^•uniges the formation of a system of electrodes "that 

JKesent at each building or structure served." There is 
^Itoubl that building a system of electrodes adds a level 

pliability and helps ensure system performance over a 
aqenod.of time. 
 jhtsisection was revised for the 2005 Code to clearly 

Jg^jJ^aJi16 inclusion of a concrete-encased electrode, de- 
-j^&^Lfi 250.52(A)(3). in the grounding electrode system 
M^j^ings or structures having a concrete footing or foun- 
K!i^E*thnot'essthan 20 ft ofsurface area in direct contact 

lljjy^earth. This requirement applies to all buildings and 
Jffi^es with a foundation and/or fooling having 20 ft or 
S|3gf ^ in. or greater electrically conductive reinforcing 

M§j|g|20 ft or more of bare copper not smal ler than 4 AWG. 
•Q^gj an exception does exempt existing buildings and 
L^ures where access to the concrete-encased electrode 

Grounding 
electrode 
conductor 

Ground.ring^; ^ • 

Exhibit 250.21 A grounding electrode system that uses the 
metal Irame 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 (he existing construction. Because the 
installation of the footings and foundation is one of the first 
elements 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 to be part of the 
grounding electrode system where the steel reinforcing bars 
or rods are not accessible for use without 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 electrically 
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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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 perpeiulicular through walls, floors, 
or ceilings, of the interior metal water pipe tliai is being 
used for the conductor is exposed. 

The effectiveness of underground water piping as a ground- 
ing electrode for electrical systems has long been recognized, 
but in the early years of the NEC concerns over ihe effect 
of electric current on melai water piping created some uncer- 
tainty as to whether melai water piping systems should be 
used as grounding electrodes. To address those concerns, 
the electrical industry and the waterworks industry formed 
a commiltee to 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 currcm at a grounding electrode on dc systems can 
cause displacement of metal. The results of this monitoring 
have shown that problems are minimal. 

The last sentence of 250.52(A){1} prohibits the use of 
that portion of the interior metal water piping system thai 
extends more than 5 ft beyond the point of entrance into 
the building to 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)( I), 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-lype or branch- 
circuit extensions in accordance with 250.130(0. See the 
commentary following 250.130(C) and the illusiradon that 
accompanies that commentary. Exhibit 250.49. 

(2) Metal Frame of the Building or Structure The metal 
frame of the building or slmcture, where any of the following 
methods are used to make an earth connection: 

(1) 3.0 m (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 
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(2) The structural metal frame is bonded to one or niore oj 
the grounding electrodes as defined in 250.52(A)(jjC 
(A)(3). or (A)(4) 

(3) The structural metal frame is bonded to one or more ofl 
the grounding electrodes as defined in 250.52(A)(5) QJ 

(A)(6) that comply with 250.56, or 
(4) Other approved means of establishing a connection to| 

The 2005 NEC revision to 250.52(A)(2) provides four mei 
by which the metal frame of a building or structure carilE 
judged suitable for use as a grounding electrode. This revS 
sion defines what is considered to be effectively groundail 
as applied to the metal frame of a building. The metal framei 
of the building can be considered an electrode throughlul 
ft of direct contact with the earth or through comiectioM 
to one of the electrode types described in 250.52(A)(|i))| 
250.52(A)(3), or 250.52(A)(4) or through connection to rSj| 
or plate type electrodes that comply with the requiremw 
of 230.56. If building steel is grounded through a connecti^fl 
to an underground metal water pipe, replacement of tnei 
water pipe with nonmetallic piping will result in the buildinS 
steel no longer being "effectively grounded." 

(3) Concrete-Encased Electrode An electrode encased bym 
at least 50 mm (2 in.) of concrete, located within and neaS 
the bottom of a concrete foundation or footing that is ufl 
direct contact with the earth, consisting of at leasl 6.0 uj 
(20 ft) of one or more bare or zinc galvanized or OUICM 

electrically conductive coated steel reinforcing bars or roda 
of not less than 13 mm (Vi in.) in diameter, or consisting oM 
at least 6.0 m (20 ft) of bare copper conductor not smallew 
than 4 AWG. Reinforcing bars shall be permitted to b« 
bonded together by the usual steel tie wires or other effective 
means. 

Exhibit 250.22 shows an example of a concrele-encasgl 
electrode. 

(4) Ground Ring A ground ring encircling the building oij 
structure, in direct contact with the earth, consisting of &M 
least 6.0 m (20 ft) of bare copper conductor not smaller thajl 
2 AWG. 

(5) Rod and Pipe Electrodes Rod and pipe electrodes sha|l 
not be less than 2.5 m (8 ft) in length and shall consist of| 
the following materials. 

(a) Electrodes of pipe or conduit shall not be small^M 
than metric designator 21 (trade size 3A) and, where of ifOM 
or steel, shall have the outer surface galvanized or otherwisjj 
metal-coated for corrosion protection. 

KIAWG O' lar9ei barc C0PPe' 
Konduciot or steel reinlorcing 
•bar or rod not less than Win. 
fe&meter at leasl 20 ft long 

Grounding electrode N 
conductor 

Nonmetallic protective 

iExhibitT250.22 A concrete-encased electrode. 

Kb).' Electrodes of rods of iron or steel shall be at least 
HS^Imm (5A in.) in diameter. Stainless steel rods less than 
Ijfflmm (H in.) in diameter, nonferrous rods, or their equiva- 
Bapihall be listed and shall not be less than 13 mm ('/ in.) 
Bijdiameter. 

K6jlPlate Electrodes Each plate electrode shall expose not 
llessithan 0.186 m2 (2 ft2) of surface to exterior soil. Elec- 
Brates of iron or steel plates shall be at least 6.4 mm {V* in.) 
IimUuckiiess. Electrodes of nonferrous metal shall be at least 
lj^Tinr(0.06 in.) in thickness. 

»|l|Other Local Metal Underground Systems or Struc- 
Itores Other local metal underground systems or structures 
^ichas piping systems, underground tanks, and underground 
Eefcd well casings that are not effectively bonded to a metal 
Bvate^pipe. 

l^lElectrodes Not Permitted for Grounding The follow- 
Eoggh^ll not be used as grounding electrodes; 

E^fMetal underground gas piping system 
l^gAjutninum electrodes 

|PTv: See 250.104(B) for bonding requirements of gas 

|^53 Grounding Electrode System Installation 

pPN: See 547.9 and 547.10 for special grounding and 
Sbondiug requirements for agricultural buildings. 

P_A) Rod, Pipe, and Plate Electrodes Where practicable, 
ifebpipe, and plate electrodes shall be embedded below 
IPgnnanent moisture level. Rod, pipe, and plate electrodes 
fcuJP 9e free from nonconductive coatings such as paint or 
Enampj K 

•trhH r0de ^Pac'n8 Where more than one of the elec- 
Lgp-of the type specified in 250.52(A)(5) or (A)(6) are 
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used, each electrode of one grounding system (including 
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 Thebooding jumpers) 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 supplemental electrode shall be permitted 
to be bonded to the interior metal water piping at any conve- 
nient point as covered in 250.52(A)(1), Exception. 

Section 250.53(D)(2) specifically 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 to 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 replacement 
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 Banding 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(AK5) or 
250.52(A)(6) and with 250.fi6(A). For example, if a metal 
underground water pipe or the metal frame of the building 
nr structure is used as the grounding electrode or as part of 
the grounding electrode system. Table 250.66 must be used 
for si/.ing 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 thai at least 2.44 m (8 ft) of length is in contact 
with the soil. It shall be driven to a depth of not less than 
2.44 m (8 ft) except that, where rock bottom is encountered, 
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 to be buried in a trench that is at least 
750 mm (3D 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 ft of length 
in contact with the soil, regardless of rock bottom. Where 
rock bottom is encountered, the electrodes must either be 
driven at not more than a 45-degree angle or buried in a 
21/2-ft-deep trench. It should be noted that driving the rod 
at an angle is permitted only if it is not possible to drive 
the rod vertically to obtain at least 8 ft 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 installed aboveground 
must be protected where subject to physical damage. Exhibit 
250.23 illustrates 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 

Grounding electrode 
conductors 

Exhibit 250.23 Installation requirements for rod and pipe E 
trades as specified by 250.53(G). "i 

the electrode bonding requirements of 250.50 or 250.53(C 
or the resistance requirements of 250.56, but the earth shall 
not be used as an effective ground-fault current path/a 
specified in 250.4(A)(5) and 250.4(B)(4). 

Grounding electrodes, such as ground rods, that are ( 
nected to equipment are not permitted to be used in lieu|jll 
the equipment grounding conductor, hut they may be use|J 
for supplementary protection at electrical equipment Iqca 
tions. For example, grounding electrodes may be used ftj 
lightning protection or to establish a reference to groundj 
the  area  of  electrically   operated   equipment.   Sectiqa 
250.4(A)(5) and 250.4(B)(4) alsospecify that the earth notj 
used as the sole equipment grounding conductor or effecli 
(ground) fault current path. Supplementary grounding elej 
trodes are not required to be incorporated into the groundirffl 
electrode system for the service or other source of electnCI 

supply. 

250.56 Resistance of Rod, Pipe, 
and Plate Electrodes 

A single electrode consisting of a rod, pipe, or plate lh^ 
does not have a resistance to ground of 25 ohms or 1^ 
shall be augmented by one addidonal electrode of any|0 

the types specified by 250.52(A)(2) through (A)(7). Wh?j| 
multiple rod, pipe, or plate electrodes are installed to i 

Pr^jgquirements of this section, they shall not be less than 

IJS rp (6 ft) aPart- 
r FPN: The paralleling efficiency of rods longer than 2.5 m 
I (8 ft) is improved by spacing greater than 1.8 m (6 ft). 

^pplemenla! rod. pipe, or plate electrode must be spaced 

|fleaw6 ft ftom any ol^er rot'' P'Pe- ant' P'ale electrode. 
||faibit 250.24. 

heresistance to ground of a driven grounding electrode 
neasured by a ground tester used In the manner 

j-jjo&niin Exhibit 250.25. 

•gSjibtt: 250,24 The 6-ft spacing between electrodes required 
T^5k53(B) and 250.56. 

|250-58 Common Grounding Electrode 

pYhere an ac system is connected to a grounding electrode 
ti^pr at a building or structure, the same electrode shall be 
jpHsed to ground conductor enclosures and equipment in or 
|Pn that building or structure. Where separate services, feed- 
|ps,or branch circuits supply a building and are required to be 
ponnected to a grounding electrode(s). the same grounding 
|g|pode(s) shall be used. 

s Two or "lore grounding electrodes that are effectively 
F'undcd to£elher shall be considered as a single grounding 

||f*rode.system in this sense- 

fefiO Use of Air Terminals 

gl' terminal conductors and driven pipes, rods, or plate 
%;       odes used for grounding air terminals shall not be used 

tsstar ^J 

UllsJ 
c h fj,-^ 

wJ/\^ "^^ 4-terminal tester 
(jumper Installed) 

<  Ground rod       ^-->-< 
J    under test          .     . 

fc^ it 
ground rods 

^.   •fc* ^-•s-i..,.-( .:-.-. vf.. ;....„v..... ,   ( 

* 

•120 ft, for example 

i :i 
:   'I 

Exhibit 250.25 The resistance to ground of a ground rod being 
measured by a ground tester. 

in lieu of the grounding electrodes required by 250.50 for 
grounding wiring systems and equipment. This provision 
shall not prohibit the required bonding together of grounding 
electrodes of different systems. 

FPN No. I: See 250.106 for spacing from air terminals. 
See 800.100(D), 810.21(J>. and 820.100(D) for bonding 
of electrodes. 
FPN No. 2: Bonding together of all separate 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 ai the installa- 
tion or shall be suitably protected against corrosion. The 
conductor shall be solid or stranded, insulated, covered, or 

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 

i; Mi 
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Article 250 — Grounding and Bonding 

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 electrode conductor 
that is free from exposure to physical damage shall be permit- 
ted to be run along the surface of the building conslmclion 
without metal covering or protection where it is securely 
fastened to the construction; otherwise, it shall be in rigid 
metal conduit, intermediate metal conduit, rigid nonmelallic 
conduit, electrical metallic tubing, or cable armor. Grounding 
electrode conductors smaller than 6 AWG shall be in rigid 
metal conduit, intermediate metal conduit, rigid nonmctallic 
conduit, electrical metallic tubing, or cable armor. 

Sec 25(1.64(E| lor additional informalion on situations in 
which raceways enclose the grounding electrode conductor. 
Also see Ihe commentary following 25(I.92(A)(3) and the 
illustration thai accompanies lhal coinmenlary. E>liibil 
250.32. for inslallation requiremems for metal raceways used 
lo install ami physically proieci the grounding clecirotle 
conductons). 

(C) Continuous Grounding electrode conductorts) 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. 

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

(3) Bonding jumper(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 {'A in. X 2 in.). The busbar 
shall be securely fastened and shall be installed in an 
accessible location. Connections shall be made by a 
listed connector or by the exothermic welding process. 

(4) Where aluminum busbars are used, the installation shall 

comply with 250.64(A). 

Although an infrequcnl occurrence, there are conditions 
under which it may be necessary lo splice the grounding 
electrode conductor, such as in the case of a remodeling 
project within a building or ihe replacement of existing 

electrical equipment. Section 230.64(C) permits splicing j 
wire-lype grounding electrode conductor with irreversible 
compression-type finings specifically listed as grounding'! 
equipmeni or by exothermic welding. These methods create i 
connections that are equated to have the same permanency ' 
as an unspliced conductor. This section also recognizes the 
normal bolted connections between sections ol busbar thai 
are joined lo lonn Ihe grounding eteclrode conductor.     J :; 

A new method for connecting sections of the grounding ; 
electrode conductor is recognized in ihe 2005 Cotli'. A se. 
curely fastened section of copper or aluminum busbar, not • 
less than 'A in. thick by 2 in. wide (Ihe length can be whateva 
is necessary lo make the connections), is pemtilled as a 
connection point for multiple grounding electrode conduc. 
lors or for bonding jumpers lhal are used lo bond inulliple 
grounding electrodes logelher. The connection of Ihe wire 
lo lite busbar must be via an exothermic weld or by a listed 
connector lhal is attached lo ihe busbar using ihe typical 
holied eonncclion. ; 

Article 250 — Grounding and Bonding 250.64 

(D) Grounding Electrode Conductor Taps Where a set. 
vice consists of more than a single enclosure as permitted 
in 230.71(A). il shall be permitted lo connect laps to the 
common grounding electrode conductor. Each such tap con-( 

duclor shall extend to the inside of each such enclosure. Th| 
common grounding electrode conductor shall be siz.ed in 
accordance with 250.66. based on the sum of Ihe circular mi 
area of the largest ungrounded service entrance conductors. 
Where more than one set of service entrance conductors a^ 
permitted by 230.40. Exception No. 2 connect direclly to l 
service drop or lateral, the common grounding electrode 
conductor shall be sized in accordance with Table 250.66 
Note 1. The tap conductors shall be permitted lo be sizal 
in accordance with the grounding electrode conductors spec-^ 
ified in 250.66 for the largest conductor serving Ihe respec; 
live enclosures. The tap conductors shall be connected to 
the common grounding electrode conductor in such a manm; 
thai the common grounding electrode conductor remainj 

without a splice or joint. 1 

/ 
Grouiniing electrode (tapi conductors must be sized u^iflf 
Table 250.66 and are based on die size of the largesi phaf 
conductor serving each service disconnecting means enclo- 
sure. The main grounding electrode conductor from whif 
Ihe taps are made is sized from Table 250.66 bused on ^ 
sum of the cross-sectional areas of the largest ungrounded 
service-entrance conductors or equtvalenl cross-sec I ion* 
area for parallel conductors that supply the muhtple ^erv'f 
disconnecting means. As illustrated in Exhibit 25(1.26. d* 
tap method eliminates the diftlcuUies found in lonpiPe 
grounding electrode conductors from one enclosure to aj* 
other. The 2 AWG grounding electrode conductor <bas# 
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2 AWG Cu grounding electrode conductor sized 
tor 350-kcmil service entrance conductors 

Exhibit 250.26 The tap method of connecting grounding elec- 
trode conductors (rom one enclosure to another. 

on the 350-kcmil ungrounded conductor) shown in Hxhihit 
250.26 is required to be installed without a splice or joint, 
except as permitted in 250.64(C). and the 8 AWG and 4 

} A\yG taps are sized from Table 250.66 based on the size 
j of the ungrounded conductor serving the respective service 
(discpmiecling means. 

(E) Enclosures for Grounding Electrode Conductors 
Ferrous metal enclosures for grounding electrode conductors 
shall be electrically continuous from the point of attachment 
to cabinets or equipment to the grounding electrode and 
shall be securely fastened to the ground clamp or fitting. 
Nonferrous metal enclosures shall not be required to be 
electrically continuous. Ferrous metal enclosures that are 
not physically continuous from cabinets or equipment to the 
grounding electrode shall be made electrically continuous 

y bonding each end of the raceway or enclosure to the 
grounding electrode conductor Bonding shall apply at each 
ntl and to all intervening ferrous raceways, boxes, and 
"closures between the service equipment and the grounding 
strode. The bonding jumper for a grounding electrode 
nductor raceway or cable armor shall be the same size as, 

^ger than, the required enclosed grounding electrode 
uctor. Where a raceway is used as protection for a 

grounding electrode conductor, the installation shall comply 
the requirements of the appropriate raceway article. 

N**nai Fjei.fr..(ll CIIIII, liandbook   2005 

Bonding jumpers installed to ensure the electrical continuity 
of ferrous metal enclosures must be sized in accordance with 
250.102(0. Exhibit 250.32. which appears in the commen- 
tary following 250.y2(A|(3). shows the bonding of a ferrous 
metal raceway to a grounding electrode conductor at both 
ends to ensure that the raceway and conductor are in parallel. 

(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 art example of a grounding electrode 
system. The single grounding electrode conductor is permit- 
ted to run "to any convenient grounding electrode avail- 
able." and the other electrodes arc connected together using 
bonding jumpers sized in accordance with 250.66. For (he 
201)5 Code, a permitted alternative lo running the grounding 

- Bolted, riveted, or welded' 

Ground ring 

Exhibit 250.27 An example of running the grounding electrode 
conductor to any convenient electrode available as welt as bond- 
ing electrodes together to form the grounding electrode system 
required by 250.50. 
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250.66 Article 250 — Grounding and Bonding Article 250 — Grounding and Bonding 250.68 

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(Cj for more information on (his 

method. 

250.66 Size of Alternating-Current Grounding 

Electrode Conductor 

The size of the grounding electrode 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 Grounding Electrode Conductor for 
Alternating-Current Systems 

Size of Largest Ungrounded 
Service-Entrance Conductor or 

Equivalent Area for Parallel 
Conductors" (AWG/kcmil) 

Copper 

Aluminum or 
Copper-Clad 
Aluminum 

Size of Grounding 
Electrode Conductor 

(AWG/kcmil) 

Aluminum or 
Copper-Clad 

Copper       Aluminumb 

2 or smaller 1/0 or smaller 8 6 

1 or 1/0 2/0 or 3/0 6 4 

2/0 or 3/0 4/0 or 250 4 2 

Over 3/0 through 
350 

Over 250 
through 500 

2 1/0 

Over 350 
through 600 

Over 500 
through 900 

1/0 3/0 

Over 600 
through 1100 

Over 900 
through 1750 

2/0 4/0 

Over 1100 Over 1750 3/0 250 

1, Where multiple sets of service-entrance conductors are used as 
permitted in 230.40. Exception No. 2. the equivalent size of the latest 
service-entrance conducior shall be determined by ihc largest sum of 
the areas of the corresponding conductors of each set. 
2. Where there are no service-entrance conductors, the grounding elec- 
trode conductor size shall be determined by the equivaJcnl size of the 
latest service-entrance conductor required for the load to be served. 
This table also applies to the derived conductors of separately derived 
ac systems. 
''See 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. 

Solution 

STRP 1. Using Ta6le 8 in Chapter 9. calculate the total circiS 
tar mil area of both grounded sen-ice conductors. 

3 AWG = 52.620 circular mils 
3/0 AWG = 167.800 mills 
Total area = 220.420 circular mils 

From Table 8. the next larger standard size is 250 kcmilj 

STEP 2. Use Table 250.66 to size the grounding electrode 
conductor. According to the fourth row, "Over 3/0 throu^j 
350," the size should be 2 AWG copper or 1/0 AWG alurnj 

Note that the taps to the grounding electrode conduct^! 
from each service disconnecting means enclosure In Exhibi 
250.28 are sized from Table 250.66 based on the size of tQ 
service-entrance conductors supplying the enclosures. 

Service 

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

Exhibit 250.28 A grounding electrode conductor with multlp9 
sets of service conductors, sized according to Table 250.6|j 
Note 1. 

(A) Connections to Rod, Pipe, or Plate Electrodes Whea 

the grounding electrode conductor is connected to rod. pi[*3 
or plate electrodes as permitted in 250.52(A)(5) or (A)(61 
that portion of the conductor that is the sole connectioD]j| 
the grounding electrode shall not be required to be lai^ 
than 6 AWG copper wire or 4 AWG aluminum wire. 

(B) Connections to Concrete-Encased Electrodes Whcjl 
the grounding electrode conducior is connected to a covT 
crete-encased electrode as permitted in 250.52(A)(3), *jl 

i of the conductor that is the sole connection to the 
igipunding electrode shall not be required to be larger than 
fclAWG copper wire. 

^G)'Connections to Ground Rings Where the grounding 
•electrode conductor is connected to a ground ring as permit- 
ild in 250.52(A)(4), that portion of the conductor that is 
•the sole connection to the grounding electrode shall not be 
i||juired to be larger than the conductor used for the ground 

gygUlustrated in Exhibit 250.29. where a grounding electrode 

ff^Sluctor 's nin from l'ie service equipment or separately 
BjcMffi system to a water pipe or structural metal building 
ffisrnSer and from thai point to one of the electrodes men- 
itinrie'dIih:250.66(A). that portion of the grounding electrode 
UlTtween the service equipment or separately derived system 
fmalOielwater pipe or structural metal building member must 
|L>eiatull:size conductor, per Table 250.66. If the grounding 
Bcu-cuoae'conductor from the service equipment was run. 
Itoitexaiiiple. to the ground rod first and then to the water 
•m^Jthe conductor to the ground rod would also have to 
M^lsize, per Table 250.66. Note that Exhibit 250.29 is 
•iwt|m(ended to show the physical routing and connection 
KottmKmding jumpers. The sizes for the bonding jumpers 
womaground rod and (he concrete-encased electrode shown 
IjjjExJubit ,250.29 are the maximum sizes required by the 
KS.oUeMFhe use of bonding jumpers or grounding electrode 

- Building 
ungrounded 
service entrance 
conductors 

Service-"^ 
equipment 

4 AWG Cu grounding 
electrode conductor 

Not required to be   \ 
larger than 4 AWG Cu 

V 1     Not less than 
ground ring 
conductor size 

^m*s^emism 
:'Required to be not  ^ 
' less than 2 AWG Cu 

""Ground ring 

|*«BijJig5p-29 Grounding electrode conductor and bonding 
^gized in accordance with 25C 
aMffij; ungrounded conductors. 

conductors larger 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 electrode 
conductor or bonding jumper to a grounding electrode shall 
be accessible. 

Exception No. 1: An encased or buried connection to a 
concrete-encased, driven, or buried grounding electrode 
shall not be required to be accessible. 

Exception No. 2: An exothermic or irreversible compression 
connection to fire-proofed structural metal shall not be re- 
quired to 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 either an exothermic weld or an irreversible 
compression connector. This new exception recognizes the 
importance of maintaining the integrity of the structural 
fireproofing. 

(B) Effective Grounding Path The connection of a 
grounding electrode conducior 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 length 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 Article 250 — Grounding and Bonding 

250.70 Methods of Grounding and Bonding 

Conductor Connection to Electrodes 

The grounding or bonding conductor shall be connected to 
the grounding electrode 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 
also 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 

(2) A listed bolted clamp of cast bronze or brass, or plain 
or malleable iron 

(3) For indoor telecommunications purposes only, a listed 
sheet metal strap-type ground clamp having a rigid metal 
base that scats 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 

Where a ground clamp is used and terminates, for example. 
on a galvani/cd u'ater pipe, the clamp must be of a material 
thai is compatible with steel, to prevent galvanic corrosion. 
The same type of conipatibiliiy requiremcnl applies to 
ground clamps nn copper water pipe. 

[Exhibit 250.30 shows a listed ground clamp generally 
used with S AWG through 4 AWG grounding electrode 
conduciors. Exnthermic weld kits acceptable for this purpose 
are commercially available. 

F.xhihit 250.31 shows a listed U-buli ground clamp. 
These clamps are available for all pipe stzesand all grounding 

Exhibit 250.30 An applicaiion of a listed ground clamp. 

Exhibit 250.31  An application ot a listed U-bolt ground clampj 

h 
electrode conductor sizes. Where grounding electrode COD- 

doctors arc run in conduit, conduit hubs may be bokediq 
•he threaded portion of the U-boli. ! 

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. | 

I 
Exception: A metal elbow that is installed in an undergroud 
insiallation of rigid nonmetallic conduit and is isolated fim 
possible contact by a minimum cover of 450 mm f IS in.) W( 

any part of the elbow sliall not be required to he groundel 

Article 250 — Grounding and Bonding 

The exception to 250.80 recognizes that metal sweepelbom 
are often installed in underground instalialions of rigid noa 
metallic conduit. The metal elbows are installed bccaitf 
lUHimetallic elbows can be damaged by friction fmin M 
pulling ropes used during conductor installation. The elboff^ 
are isolated from physical contact by burying the entit| 
elbow at a depth not less than t8 in. below grade. [a 

250.84 Underground Service Cable or Raceway   f 

(A) Underground Service Cable The sheath or armor o 
a continuous underground metal-sheathed or armored servic? 
cable system that is bonded to the grounded undergroui* 
system shall not be required to be grounded at the buildi^. 
or structure. The sheath or armor shall be permitted to bf 
insulated from the interior metal raceway conduit or pip^ 

(B) Underground Service Raceway Containing Csbh 
An underground metal service raceway that contains a mcHp 
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sheathed or armored cable bonded to the grounded under- 
ground system shall not be required to be grounded at the 
building or structure. The sheath or armor shall be permitted 
to be insulated from the interior metal raceway or piping. 

250.86 Other Conductor Enclosures 

and Raceways 

, Except as permitted by 250.1 !2( I), metal enclosures and race- 
' ways for other than service conductors shall be grounded. 

Section 250.86 requires grounding, bonding, and ensured 
| electrical continuity of all enclosures and metal raceways. 

Connectors, couplings, or other similar fillings that perform 
mechanical and electrical functions must ensure bonding 
and grounding continuity between the filling, 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 difference between the 
non-current-carryiny parts of the electrical installation is 
minimi2ed. thereby reducing the risk of shock. 

Exception No. I: Metal enclosures and raceways for con- 
ductors added to existing installaiiom of open wire, knob 

' and tube wiring, and nonmetallic-sheathed cable shall not 
be required to be grounded when these enclosures or wiring 
methods comply with (I) through (4) as follows: 

(1) Do not provide an equipment gwund 
(2) Are in runs of less limn 7.5 m (25 ft) 
(3) Are free front 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- 
I ways used to provide support or protection of cable assem- 

blies from physical damage shall not be required to be 
'• grounded. 

. Exception No. S: A metal elbow shall not be required to be 
grounded where it is installed in a nonmetallic raceway ami 
«Isolated from possible contact by a minimum cover of 450 
mm (18 in.) to any part of the elbow or is encased in not 

' fejj than 50 mm (2 in.) of concrete. 

V- Bonding 
250.90 General 

andmg shall be provided where necessary to ensure electri- 
^ continuity and the capacity to conduct safely any fault 
current likely to be imposed. 

^•92 Services 

Bonding of Services The non-currem-carrying metal 
ff"5 of ^jpment indicated in 250.92(A)(1), (A)(2). and 

*3) shall be effectively bonded together. 

(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. 

(3) 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 electrode. 

Section 250.92(A)(3) is intended to clarify that where metal 
raceways, boxes, or enclosures contain a grounding electrode 
conductor, both ends of the raceway, box. or enclosure imisl 
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 ihc electrical equipment and ground. It 
should be noted that a change in 250.64(l£) 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 permitted as bonding jumpers. 

- Main bonding jumper 

- Grounded conductor terminal bar 

- Grounding electrode conductor 

- Supply-side equipmem 
bonding jumper 

Metal raceway Supply-side equipmem 
bonding jumper 

Water pipe grounding 
electrode 

Grounding electrode 
conductor 
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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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(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 iliuslrales grounding and bonding at an indi- 
vidual service. Exhibit 250.34 illustrates a grounding and 
bonding arrangement lor up tu six switches (three are shown) 
that serve as 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 to he accomplished by bonding the 
grounded service conductor to the enclosure. 

Grounded service 
conductor (neutral) 

Metal raceway 

Supply-side equipment 
bonding jumper 

- Main bonding jumper 

- Grounding electrode 
conductor 

*" Grounding electrode 
(system) 

Exhibit 250.33 Grounding and bonding for a service with one 
disconnecting means. 

(2) Connections utilizing threaded couplings or threaded 
bosses on enclosures where made up wrenchtight 

(3) Threadless couplings and connectors where made up 
tight for metal raceways and metal-clad cables 

(4) Other listed devices, such as bonding-type locknuts, 
bushings, or bushings with bonding jumpers 

218 

Grounding 
electrode 
conductor        Main bonding 

jumpers 
B.35 Grounding bushings used to connect a copper 

uyu^grounding wire to conduits. (Courtesy o( Thomas & 

Exhibit 250.34 A grounding and bonding arrangement for multil 
pie switches that serve as the service disconnecting meansii• 
an individual service. 

Note that method (4) in 250.92(6) requires other sinuB 
devices, such as listed bonding-type locknuts or bushingj 
Standard locknuts or sealing locknuts are not acceptabldE 
the "sole means'" for bonding on the line side of seryra 
equipment. 

Grounding and bonding bushings for use with rigidj! 
intermediate metal conduit are provided with means (usuaSl 
one or more set screws that make positive contact with^ 
conduit) for reliably bonding the bushing and the conduij^ 
which it is threaded to the metal equipment enclosure orbaa 

Grounding bushings used with rigid or inlermedi^ 
metal conduit or with tubing (EMT) fittings, such as tha 
shown In Exhibits 250.35 and 250.36, have provisions^ 
connecting a bonding jumper or have means providedjol 
the manufacturer for use in mounting a wire connector.,'" 
type of bushing may also have means (usually one or nioa 
set screws) to reliably bond the bushing to the condm 
Exhibit 250.37 shows a bonding-type wedge lug used^ 
connect a conduit to a box. 

Bonding jumpers meeting the other requirements of tt 
article shall be used around concentric or eccentric kno^J 
outs that are punched or otherwise formed so as to imjw 
the electrical connection to ground. Standard locknutSjg 
bushings shall not be the sole means for the bonding requi 

by this section. 

For an example of concentric and eccentric knockouts, j 
the commentary following the definition of bonding jum 
in Article 100 and Exhibit 100.3. 
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KiljiS|^S0,-36 A threaded grounding bushing with set screws 
^jSSi{li&SBSu^ electrical and mechanical connection and a lermi- 
^l^lgjgran^ecUon of a grounding conductor or bonding jumper. 
•feggsflofjhomas & Belts Corp.) 

pffife^onding for Other Systems 

fcpj^essible means external to enclosures for connecting 
fcjjjp|tem bonding and grounding electrode conductors 
•Srl^ Provided at the service equipment and ai the discon- 
Lip^g means for any additional buildincs or structures by 
Pflljjp0^ 0f ^ following means: 

)sed nonflexible metallic raceways 
Exposed grounding electrode conductor 
Bggproved means for the external connection of a copper 
•fpPuier corrosion-resistant bonding or grounding con- 
fcgtor to the grounded raceway or equipment 
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Exhibit 250.37 A grounding wedge lug used to provide an electri- 
cal connection between a conduit and a box. (Courtesy of 
Thomas & Betts Corp.) 

FPN No. 1: A 6 AWG copper conductor with one end 
bended 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. I, 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: See 800.100. 810.21. and 820.100 for bond- 
ing and grounding requirements for communications cir- 
cuits, radio and television equipment, and CATV circuits. 

An external 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 thai separate systems be bonded 
together to reduce the differences of potential 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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Exhibit 250.36 Examples of accessible external means for in- 
tersystem bonding, as required by 250.94 for service equipment 
and building or structure disconnecting means. 

and fire hazard. The reason for this potential hazard is illus- 
trated in Exhibit 250.39. which shows a GATV cable with 
its jacket grounded to a separate ground rod and not bonded 
to the power ground. The cable is connected to-the cable 
decoder and the tuner of a television set. Also connected to 
the decoder and the television is the i20-volt supply, with 
one conductor grounded at the service (the power groimd). 
In each 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 CATV installation shown in Exhibit 
250.39, assume that a current is induced in the power line 
by^a switching surge or a nearby lightning strike, so thai a 
momentary current of 1000 amperes occurs over the power 
line to the power line ground. This amount of current is not 
unusual under such circumstances — 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). 

According to Ohm's law, the current through the eqjjj 
ment connected to the electrical system will be raise^ 
mentarily to a potential of 10.000 .volts (1000 ampere 
10 ohms). This potential of 10,000 volts would exist betj 
the CATV system and the electrical system and betweefi 
grounded conductor within the CATV cable an^ 
grounded surfaces in the walls of the home, such asg^ 
pipes (which are connected to the power ground), over v^j 
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t^lanms. This potential could also appear across, a 
with one hand on the CATV cable and the other hand 
icBLsurface connected lo the power ground (e.g.. a 

i refrigerator). 
voltage is likely to be many times the 10,000 

^Jculated, because extremely low (below normal) val- 
sumed for both resistance to ground and current. 

Sujatioh systems, however, are not designed to with- 
^rtl0,000 volts. Even if the insulation system does 
TBFpp.OOO-voll surge, it is likely to be damaged, and 
^pf die insulation system will result in sparking. 

ne'situation" would exist if the current surge" wiere 
zSSfefit/ cable or a telephone line. The only difference 

pne" voltage involved, which would depend on the 
isistance to ground of the grounding electrodes. 

Siution is to bond the two grounding electrode 
ether, as shown in Exhibit 250.40, or toconnecl 
able jacket to the power ground, which is exactly , 
?iie requires:' When one system • is-raised above. 
ntial; the second system rises to the same potcn- 

*/ollage exists-between the:two groundihg;sysT" 

ending rules are provided to-address the diffi-' 
qmmunications and CATV.installers encounter 
;'with. Code grounding and bonding requirc- 

ij^e> difficulties arise from the. increasing use of 
^ater pipe, fittings, water meters, and service 

iihe past^ bonding-between communications, 
awer systems was usually achieved by connect- 
nunications protector grounds ;or cable-shield 
metallic water pipe, because the pipe was often 
jpwer grounding electrode. Thus, the require- 
pbwer, communications, GATV cable shield, 

water piping systems be bonded together was 
jSRcd, If the power was grounded to one of the 

xles permitted by the Code, usually by a made 
h as a ground rod, the bond was connected to 

rounding electrode conductor or.to a metallic 
vay, since at least, one of these'.was usually 

J|V-VVV ' '•'. •      '.•'•    •/"•   •' •s .v '• 
^proliferation of plastic water pipe and the 
ridency for service equipment (often flush- 

g&)e installed in finished areas, where the ground- 
tejcbnductpr is often concealed, as well-as the 

usfi-qf plastic service-entrance conduit, communi- 
_gM@ATV installers no longer have access to a point 

^^cting, bonding jumpers or grounding conductors. 
HExhil3itl250.39., ahd. also, the - commentary, following 

"PN.No,^. " ' 

iBonding other Enclosures 

£°eral Metal raceways, cable trays, cable armor, 
Egtfh, enclosures, frames, fittings, and other metal 
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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 attachmenl of the raceway to the equipment 
enclosure. The metal raceway shall comply with provisions 
of this article and shall be supplemented by an internal 
insulated equipment grounding conductor installed in accor- 
dance with 250.146(D) to ground the equipment enclosure. 

FPN: Use of an isolated equipment grounding conductor 
does not relieve the requirement for grounding the race- 
way system. 

To reduce electromagnetic interference, 250.96(B) permits 
electronic equipment to be isolated from the raceway in a 
manner.similarto that for cord-and-plug-connected equip-' 

"ment. Section 250.96(B) specifies.ithat a metarequipment 
enclosure.supplied by a.branch.circuitis.the subject of the : 
requirementand that subsequent wiring; raceways, or other 

•equipment.beyond the insulating fitting is not permitted: 
Exhibits 250.41 and 250;42show:examples of installa- 

tions. Tn'Exhibit 250.41; note that, the metal raceway is 
grounded in the usual manner, by attachment to the grounded 
service enclosure, satisfying the concern mentioned in the 
FPN ur250.96(B). In.Exhibit 250.42, note that 408.40.'Ex- 
ception, permits, but does not require, the isolated equipment 

.• grounding conductor (which-is, required* to be insulated) 
to.pass through the subpanel arid run back-to the service, 
equipment. The key to this method oif.grounding electronic 
equipment-is to always ensure that the insulated equipment . 
grounding conductor, regardless of'where it terminates in 
the distribution system, is connected in a manner that creates • 
an effective path for ground-fault'current, as required by • 

250.97 Bonding for Over 250 Volts 

For circuits of over 250 volts to ground, the electrical 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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^ Service panelboard 

Isolaled equipment 
grounding conductor 
(insulation required) 

^ 

Listed nonmelaIIicN 
raceway fitting 

Exhibit 250.41  An installation in which the electronic equipment 
is grounded through the isolated equipment grounding conductor. 

Listed nonmetallic raceway fitting ^ 

Exhibit 250.42 An installation in which the isolated equipment 
grounding conductor is allowed to pass through the subpanel 
without connecting to the grounding bus to terminate 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- 

manent, reliable electrical bond, the following methods shaft 
be permitted: i 

(1) Threadless couplings and connectors for cables wifa 
metal sheaths i 

(2) Two locknuts, on rigid metal conduit or intermediatt 
metal conduit, one inside and one outside of boxes and 
cabinets i 

(3) Fittings with shoulders that seat firmly against ihe box 
or cabinet, such as electrical metallic tubing connecton, 
flexible metal conduit connectors, and cable connecton, 
with one locknut on the inside of boxes and cabinets 

(4) Listed fittings \ 

Bonding around prepunched concentric or eccentric knocK 
outs is not required if the enclosure containing the knockout^ 
has been tested and is listed as suitable for bonding. Quid 
card information from the UL General Information for Elei 
trical Equipment Directory (the UL "White Book") indi 
cates that concentric and eccentric knockouts of all melailii 

Article 250 — Grounding and Bonding 250.104 

250.102 Equipment Bonding Jumpers 

(A) Material Equipment bonding jumpers shall be of cop- 
per or other corrosion-resistant material. A bonding jumper 
shall be a wire, bus, screw, or similar suitable conductor. 

(B) Attachment Equipment bonding jumpers shall be 
attached in the manner specified by the applicable provisions 
of 250.8 for circuits and equipment and by 250.70 for 
grounding electrodes. 

(C) Size — Equipment 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 

,:conductors. Where the service-entrance phase conductors 
are larger than HOOkcmil copperor 1750 kemil aluminum. 
the bonding jumper shall have an area not less than 12!^ 
percent of the area of the largest phase conductor except 

; (hat, where the phase conductors and the bonding jumper 
^are,of different materials (copper or aluminum), the raini- 

jnum size of the bonding jumper shall be based on the 
outlet boxesevaluated in accordance with UL5l4A.A/eraii(i ^jgimed use of phase conductors of the same material as 
Outlet Boxes, are suitable for bonding in circuits of abovt 
or below 250 volts to ground without the use of additiooaj 
bonding equipment. Metallic outlet boxes are permitted, bn 
nol required, to be marked to indicate this condition of use 

The methods in items (I). (2). (3). and (4) in theexcep 
tion lo 250.97 are permitted for circuits over 250 volts K 
ground only where there are no oversize, concentric, q 
eccentric knockouts. Note that method (3) permits fittingi 
such as EMT connectors, cable connectors, and similar fil 
tings with shoulders that seat firmly against the metal of i 
box or cabinet, to be installed with only one locknut on 
inside of the box. 

1 

^bonding jumper and with an ampacity equivalent to that 
Jhe installed phase conductors. Where the service-entrance 

^nductors are paralleled in two or more raceways or cables, 
g equipment bonding jumper, where routed with the race- 

rays or cables, shall be run in parallel. The size of the 
^tiding jumper for each raceway or cable shall be based 
[! the size of the service-entrance conductors in each race- 

toy or cable. 

250.98 Bonding Loosely Jointed 

Metal Raceways 

Expansion fittings and telescoping sections of metal race- 
ways shall be made electrically continuous by equipmcri 
bonding jumpers or other means. 

1 

i) Size — Equipment Bonding Jumper on Load Side 
if Service The equipment bonding jumper on the load side 
if the service ovcrcurrent devices shall be sized, as a mini- 
mm, in accordance with the sizes listed in Table 250.122, 
mt shall not be required to be larger than the largest un- 

funded circuit conductors supplying the equipment and 
Ml not be smaller than 14 AWG. 

A single common continuous equipment bonding 
jumper shall be permitted to bond two or more raceways or 
^cables where the bonding jumper is sized in accordance with 
^ uble 250.122 for the largest overcurrent device supplying 
^circuits therein. 

) 
250.100 Bonding in Hazardous 

(Classified) Locations 

Regardless of the voltage of the electrical system, the electro 
cal continuity of non-current-carrying metal parts of equip" 
ment. raceways, and other enclosures in any hazardo^ 
(classified) location as defined in Article 500 shall be efr; 
sured by any of the methods specified in 250.92(BP; 
through (B)(4) that are approved for the wiring method use^   ^ 
One or more of these bonding methods shall be used wheiba 

or not supplementary equipment grounding conductors ^ 

installed. 

^.(E) Installation The equipment bonding jumper shall be 
''^permitted to be installed inside or outside of a raceway or 
^Wosure. Where installed on the outside, the length of the 

rJ^'Pment bonding jumper shall not exceed 1.8 m (6 ft) 
r^d shall be routed with the raceway or enclosure. Where 

;y^-lalled inside of a raceway, the equipment bonding jumper 
: All comply with the requirements of 250.119 and 250.148. 

^Act 
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•^Mception: An equipment bonding jumper longer than 1.8 
• wfi) shall be permitted at outside pole locations for the 
i$ose of bonding or grounding isolated sections of metal 
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raceways or elbows installed in exposed risers of metal 
conduit or other metal raceway. 

In 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 external 
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 impedance of the equipment grounding circuit is insig- 
nificant. Exhibit 250.43 Mluslnites 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 permitted, but nol required. 

RfgkJ mota) conduil 

10 AWG Cu bonding jumper 
conductor not more than 6 ft 

••—Motor |0ng njn external, routed 
controfler      with iha raceway 

Exhibit 250.43 A bonding jumper around the outside of a flexible 
metal 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), (A)(2). or (A)(3) of 
this section. The bonding jumpers) 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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service equipmeni enclosure, the grounded conductor ac the 
service, the grounding electrode conductor where of suffi- 
cient size, or to the one or more grounding electrodes 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 
electrode 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(A)(2). 

In those cases where it cannot be reasonably concluded 
that the hot and cold water pipes are reliably bonded through 
Eiiechanical 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 where 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. 
Therefore, the water pipe is permitted to be bonded to the 
panelboard or switchboard that serves only that particular 
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- 
ers) or Branch Circuits) The metal water piping sys- 

tem(s) installed in or attached to a building or structure j 
be bonded to the building or structure disconnecting me 
enclosure where located at the building or structure, to t 
equipmeni grounding conductor run with the supply conduS 
tors, or to the one or more grounding electrodes used. TlS 
bonding jumpers) shall be sized in accordance with 250.C 
based on the size of the feeder or branch circuit conductog! 
that supply the building. The bonding jumper shall not CT 

required to be larger than the largest ungrounded feeder• 
branch circuit conductor supplying the building. 

(B) Other Metal Piping Where installed in or attached" 
a building or structure, metal piping sy.slem(s). includinS 
gas piping, thai is likely to become energized shall be bond 
to the service equipment enclosure, the grounded conduo 
at the service, the grounding electrode conductor where! 
sufficient size, or to the one or more grounding electn 
used. The bonding jumpers) shall be sized in accordant 
with 250.122. using the rating of the circuit thai is likelyji 
energize the piping system(s). The equipmeni grounding 
conductor for the circuit that is likely to energize the pipi^ 
shall be permitted to serve as the bonding means. The poin| 
of attachment of the bonding jumpers) shall be accessibi| 

FPN: Bonding all piping and metal air ducts within the J 
premises will provide additional safety. 

Unlike the metal piping systems covered,in 250.104(A),J 
requirement applies only to metal piping systems thatfi 
likely lo become energized. What this means is that when 
metal piping systems and electrical circuits interface throu|3 
mechanical and electrical connections within equipme^ 
failure of electrical insulation can result in the connectg 
piping system(.s) becoming energized. Gas appliances a 
common example of metal gas piping and electrical circtd 
being connected to a common piece of equipment, an^ 
this case the 250.104(B) requirements apply. The reqiiiS 
bonding of these other piping systems can occur at the sag 
locations specified in 250.104(A). or an additional provijftj 
within this paragraph permits the equipmeni groundingc 
ductor of the'eircuit that is likely lo energize the pipingK 
the means for bonding the piping. Typically, the use om 
additional bonding jumper is not necessary to comply wjjj 
this requirement because the equipment grounding conflgf 
tion lo the non-current-carrying metal parts of the appiiaj 
also provides a bonding connection to the metal piffig 
attached to the appliance. This is a bonding requireng 
and the other piping is not being used as an electrode. ThS 
fore, this requirement does not conflict with 250.52(B|L 
which prohibits the use of metal underground gas p'P"j||j 
a grounding electrode for electrical services or other soiu 
of suppty. 

(C) Structural Metal Exposed structural metal that isjjj 
terconnected to form a metal building frame and is r 

JBfndpoally grounded and is likely to become energized 
PSlllbe bonded to the service equipmeni enclosure, the 
iSounded conductor at the service, the grounding electrode 
Inductor where of sufficient size, or the one or more 
fcrounding electrodes used. The bonding jumpers) shall be 
Kj^d in accordance with Table 250.66 and installed in accor- 
fcance with 250.64(A), (B), and (E). The points of attachment 
l^^£bonding jumpers) shall be accessible. 

^^^250.104(C) requires exposed metal building frame- 
ljgH^j?.is not intentionally or inherently grounded to be 

IfJo^SIflo the service equipmeni or grounding electrode 
TS^eHlRevised for the 2005 Code, this requirement applies 
^^Unltal'framework, not only to steel framework. 

|ipj|Separately Derived Systems Metal water piping sys- 
Kems^and structural metal that is interconnected to form a 
Emlding frame shall be bonded to separately derived systems 
linTaccordance with (D)(1) through (D)(3). 

JljMeta] Water Piping System(s) The grounded conduc- 
ItoitDfieach separately derived system shall be bonded to the 
Kearest available point of the metal water piping system(s) 
BflTthelarea served by each separately derived system. This 
Kwmection shall be made at the same point on the separately 
R^ved system where the grounding electrode conductor is 
•connected. Each bonding jumper shall be sized in accordance 
^UuTable 250.66 based on the largest ungrounded conduc- 
•toffiifthe separately derived system, 

mExcepjion No. 1: A separate bonding jumper to the metal 
Mt&jtpiping system shall not be required where the metal 

jwiergpiping system is used as the grounding electrode for 
fej^eporc/e/y derived system. 

l&jC£gfion No. 2: A separate water piping bonding jumper 
EjgMrwr be required where the metal frame of a building or 
E^^wns is used as the grounding electrode for a separately 
ESjjljgi/ system and is bonded to the metal water piping in 
mj^^a served by the separately derived system. 

K^lgtnictural Metal Where exposed structural metal thai 
•lyMerconnected [0 forrn the building frame exists in the 
E|psenved by the separately derived system, it shall be 
Kj^i^d to the grounded conductor of each separately derived 
PPpgjyThis connection shall be made at the same point on 
•*^xB^I?leW derived system where the grounding electrode 
pjS^pr is connected. Each bonding jumper shall be sized 
iBg^dance with Table 250.66 based on the largest un- 
mjjMxl conductor of the separately derived system. 

•j^^?iiVo. /; A separate bottding jumper to the building 

wSfptM? meta^ shall not be required where the metal frame 

mtolTh&'nS 0r s,ruclure 's used ^ tlu grounding electrode 
mmH^meparately derived system. 

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 
for 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 thai this 
connection must be accessible. Where either of these two 
building elements is used as the grounding electrode for the 
separately derived system, it is not necessary lo provide an 
additional bonding jumper. 

In addition, two new exceptions for the 2005 Code 
permit 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 sysiem, 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 equipmeni 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 
sysiem 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 sysiem, 
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 water 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 system are bonded to the common ground- 
ing electrode conductor. 

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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Article 250 — Grounding and Bonding 250.114 

! 

FPN No. I: Sec 250.60 for use of air terminals. For 
further information, see NFPA 780-2004. Stamtanl for 
the Instaltation of Lightning Protection Systems, which 
contains detailed information on grounding, bonding, and 
spacing from lightning protection systems. 
FPN No. 2: Metal raceways, enclosures, frames, and 
other non-current-catrying metal parts of electric equip- 
ment installed on a building equipped with a lightning 
protection system may require bonding or spacing from 
the lightning protection conductors in accordance with 
NFPA 780-2004, Standard for the Installation of Light- 
ning Protection Systems. Separation from lightning pro- 
tection conductor 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 
NTPA 780. Standard for the htstidlatitm of Lightning Protec- 
tion Systems. Addilional bonding between the lightning pro- 
tection system and the electrical system may be necessary 
based on proximity and whether separation between 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 tlashover distances. 

Exposed, non-current-carrying metal pans of fixed 
equipment that are not likely to become energized are not 
required to be grounded. These parts include some metal 
nameplates on nonmetallic enclosures and small pans, such 

( 

Exhibit 250.44 Bonding between the lightning system ground 
terminals and the electrical service grounding electrode system, 
in accordance with 250.106. 

as bolts and screws, if they are located so that they are a 
likely to become energized. 

VI. Equipment Grounding and J 
Equipment Grounding Conductors ) 

2S0.110 Equipment Fastened in Place or y| 

Connected by Permanent Wiring Methods       ^ ' 

(Fixed) 

Exposed non-cuirent-carrytng metal pans of fixed equi{S 
ment likely to become energized shall be grounded unde 
any of the following conditions: 

(1) Where within 2.5 tn (8 ft) vertically or 1.5 m (5 s| 
horizontally of ground or grounded metal objects^andl 
subject to contact by persons 

(2) Where located in a wet or damp location and not isola 
(3) Where in electrical contact with metal 
(4) Where in a hazardous (classified) location as covete 

by Articles 500 through 517 }'' 
(5) Where supplied by a metal-clad, metal-sheathed, metal 

raceway, or other wiring method that provides anequipj 
ment ground, except as permitted by 250,86, Exception 
No. 2. for short sections of metal enclosures 

(6) Where equipment operates with any terminal at ov^ 
150 volts to ground 

Exception No. I: Metal frames of electrically heated appl^ 
ances, exempted by special permission, in which case-thm 
frames shall be permanently and effectively insulated fronT 
ground. 

Exception No. 2: Distribution apparatus, such as trc 
former and capacitor cases, mounted on wooden poles, g 
a height exceeding 2.5 m (8 ft) above ground or grade fewa 

Exception No. 3: Listed equipment protected by a system 
of double insulation, or its equivalent, sltall not be reqtatm 
to be grounded. Where such a system is employed, lite equim 
ment shall be distinctively marked. ( ^f 

i 
250.112 Fastened in Place or Connected by     ;J 
Permanent Wiring Methods (Fixed) — Specific 

Exposed, non-current-carrying metal pans of the kinds t) 
equipment described  in 250.112(A) through  (K), 
non-current-canying metal parts of equipment and encWaj 
sures described in 250.II2(L) and (M), shall be groi«*| 
regardless of voltage. 11 

(A) Switchboard Frames and Structures Switchboaj 
frames and structures supporting switching equipment,^ 
cept frames of 2-wire dc switchboards where eff^lll 
insulated from ground. | 'i 

J4 
Section 250.112(A) clarifies that dc switchboards insu! 

from ground are not required to be grounded. 

5 . pjpj Organs Generator and motor frames in an electri- 
I dly operated pipe otgan. unless effectively insulated from 
l^ound .and the motor driving it. 

li'rC) Motor Frames Motor frames, as provided by 430.242. 

IfD) Enclosures for Motor Controllers Enclosures for 
Pmotor controllers unless attached to ungrounded portable 

^equipment. 

HE) Elevators and Cranes Electric equipment for eleva- 

J'lots and;cranes. 

»(r) Garages, Theaters, and  Motion Picture Studios 
' Electricequipment in commercial garages, theaters, and mo- 
Ition picture studios, except pendant lampholders supplied 
Iby circuits, not over 150 volts to ground. 

|(<3) Electric Signs Electric signs, outline lighting, and as- 
Isociated equipment as provided in Article 600. 

1(H) Modou Picture Projection Equipment Motion pic- 
Llure projecuon equipment. 

E(l) Power-Limited Remote-Control, Signaling, and Fire 
1|Alarm Circuits Equipment supplied by Class 1 power- 

ilimited circuits and Class I. Class 2. and Class 3 remote- 
Icontroi and signaling circuits, and by fire alarm circuits, 
Ishall be grounded where system grounding is required by 
|.Pan 11 or Pan VIII of this article. 

.J|(J) Lumlnaires (Lighting Fixtures) Luminaires (lighting 
|f fixtures) as provided in Part V of Article 410. 

l(K) Skid  Mounted   Equipment Permanently   mounted 
f?lectrical equipment and skids shall be grounded with an 

^.equipment bonding jumper sized as required by 250.122. 

fe. (L) Motor-Operated Water Pumps Motor-operated water 
{pumps, including the submersible type. 

JSgequirement of 250.112(L) is intended to reduce stray 
fil^ges and minimize shock hazard during maintenance. 
Eeg the pump is hauled out of the well casing and might 
jiesied in'a barrel of water. 

i*(M) Metal Well Casings Where a submersible pump is 
* used in a metal well casing, the well casing shall be bonded 
^o the pump circuit equipment grounding conductor. 

•tit-, 

R^»?n 250.112(M) is intended to prevent a shock hazard 
^^Cpuld exist due to a potential difference between the 
JppPjlJ^hich is grounded to the system eround. and the 
g&^ll casing. 

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 (see Articles 500 

through 517) 
(2) Where operated at over 150 volts to ground 

Exception No. I: Motors, where guarded, shall not be re- 

quired to 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 
c. Hand-held motor-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 
e. Portable handlamps 

(4) In other than residennal occupancies: 

a. Refrigerators, freezers, and air conditioners 
b. Clothes-washing, clothes-drying, dish-washing ma- 

chines; information technology equipment; sump 
pumps and electrical aquarium equipment 

c. Hand-held motor-operated tools, stationary and fixed 
motor-operated tools, light industrial motor-operated 

d. Motor-operated appliances of the following types: 
hedge clippers, lawn mowers, snow blowers, and wet 

scrubbers 
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e. Portable handlamps 
f. Cord-and-plug-connected appliances used in damp 

or wel locations 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 a/i isolating transformer 
with an ungrounded secondary of not over 50 volts. 

Tools must be grounded by an equipment grounding conduc- 
tor wiihin 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 eleclricaltesling labora- 
tory as being suilable for the purpose, and the equipment 
must be disiinciivcly marked as double insulated. 

Cord-connecled 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 oflighling equipment 
supplied through air isolating (ransformeroperating at 6 or 12 
volts thai provides safe illumination for work inside boilers, 
tanks, and similar locations that may be metal or wet. 

Exhibit 250.45 Lighting equipment supplied through an isolating 
transformer operating at 6 or 12 volts and therefore not required 
to be grounded. (Courtesy of Daniel Woodhead Co.) 

250.116 Nonelectric Equipment 

The metal parts of nonelectric equipment described in t 
section shall be grounded. 

(1) Frames and tracks of electrically operated cranes ^M 
hoists 

(2) Frames of nonelectrically driven elevator cars to whlcM 
electric conductors are attached 

(3) Hand-operated metal shifting ropes or cables of electn^ 
elevators 

FPN: Where extensive metal in or on buildings may '• 
become energi/ed and is subject to personal contact, 
adequate bonding and grounding will provide additional ' 

Because metal siding on buildings is not electrical equip 
ment. it is outside the scope of the Code Isee 90.2(^11 
Therefore, the Code cannot require thai it be grounded. Quite; 
often, however, luminaires, signs, or receptacles are inslallcc 
on buildings with metal siding that could become energizeal 
Grounding of metal siding reduces the risk of shocH 
persons who may come in contact wilh siding that has p58 
come energized. 

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 combinaiionj 
of the following: 

(1) A copper, aluminum, or copper-clad aluminum condugl 
tor. This conductor shall be solid or stranded; insulated 
covered, or bare; and in the form of a wire or a busbaj 
of any shape, 

(2) Rigid metal conduit. 
(3) Intermediate metal conduit. 
(4) Electrical metallic tubing. 
(5) Listed flexible metal conduit meeting all the following 

conditions: 

a. The conduit is terminated in fittings listed for groundS 
ing.. 

b. The circuit conductors contained in the conduit a 
protected by overcurrent devices rated at 20 ampere^ 

c. The combined length of flexible metal conduit andi 
flexible metallic tubing and liquidtight flexible metajfl 
conduit in the same ground return path does n0j| 
exceed 1.8 m (6 ft). 

d. Where used to connect equipment where flexibility jS 
necessary after installation, an equipment groundiolj 
conductor shall be installed. 

PPfffsted liquidtight flexible metal conduit meeting all the 

llllipwing conditions: 
iThe conduit is terminated in fittings listed for ground- 

Jing. 
Ibli:or metric designators 12 through 16 (trade sizes 3/a 

llhrough Vi), the circuit conductors contained in the 
iconduit are protected by overcurrent devices rated 

iat, 20 amperes or less. 
BlFor metric designators 21 through 35 (trade sizes -VJ 

llhrough I'/J), the circuit conductors contained in the 
Iconduit are protected by overcurrent devices rated 
foot more than 60 amperes and there is no flexible 
iraetal conduit, flexible metallic tubing, or liquidtight 
fflexible metal conduit in trade sizes metric designa- 
Itors 12 through 16 (trade sizes H through 'A) in the 
igrounding path. 

K*The combined length of flexible metal conduit and 
Iflexible metallic tubing and liquidtight flexible metal 
Iconduii in the same ground return path does not 
lexceed 1.8 m (6 ft). 

gef Where used to connect equipment where flexibility is 
fcnecessary after installation, an equipment grounding 
^conductor shall be installed. 

Ssegcases where liquidtight flexible metal conduil 
IHJlifyHSlor flexible metal conduit (FMC) is used to conned 

Kjmiuipmeht that requires a degree of movemeni or flexibil- 
^jnitiof its anticipated operating conditions, it is re- 

^uireartnat an equipment grounding conductor be insiallcd 
BfflJ^WEMG or FMC. Flexible raceways that ure used lo 

fccfl^eTcbnneciion to equipmenl bui that remain stationary 
Ettmffijconnection is made are tint covered by tlie provision 
~ MJJifcKdl or 250.118(6)(e). 

ISfllFlexible melallic tubing where the tubing is terminated 
•in fittings listed for grounding and meeting the following 
Eonditions: 

EFThe circuit conductors contained in the tubing are 
; protected by overcurrent devices rated at 20 amperes 
I or less. 

K- The combined length of flexible metal conduit and 
fjflexible melallic tubing and liquidtight flexible metal 
is conduit in the same ground return path does not 
^exceed 1.8 m (6 ft). 

ByiWor of Type AC cable as provided in 320.108. 
Igjljpie copper sheath of mineral-insulated, metal-sheathed 
.   Kcable. 

LfciKype MC cable where listed and identified for grounding 
^Tuiiaccordance wilh the following: 

jpiThe combined metallic sheath and grounding con- 
; ductor of interlocked metal tape-type MC cable 

b. The melallic sheath or the combined metallic shealh 
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 
conduil that enclose the feeder circuit conductors and are 
equipment grounding conductors with or without the instal- 
lation of a wire-type equipment grounding conductor in the 
conduits. 

250.119 Identification of Equipment 

Grounding Conductors 

Unless required elsewhere in this Code, equipment ground- 
ing conductors shall be permitted lo 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 permilted in ibis section. Conductors with insula- 
tion or individual covering that is green, green with one or 
more yellow stripes, or otherwise identified as permitled by 
this section shall not be used for ungrounded or grounded 
circuit conductors. 

A new condition in this section of the 2005 Code precludes 
re-identification (such as marking tape to the insulation) of 
any conductor having green- or green-with-yeliow-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 (A)(2). 

(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 each 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 
used as equipment grounding 
conductors, as they apply to a 
service and feeder system. 

Rigid metal conduits 
suitable for equipment 
grounding purposes (typical) 

Three 2/0 AWG, 1 Vi in. • 

Three 1 AWG, IV* in. _ 

Three 1 AWG. 1V* in. _ 

^ble 250.122 Minimum Size Equipment Grounding 
Conductors for Grounding Raceway and Equipment 

disconnecting 
means with 
400-A fuses L 

175 A   125 A 125 A 

^Feeder distribution 
paneiboard No. 1 

2^1 

• Three 6 AWG, 1 in. 

- Three 3 AWG. 1 in. 

IGOA- '' 60A 
Feeder 

distribution : 

paneiboard 
No. 2 

T 
^ 

Main feeder 500-kcmil Cu. 
3-in. rigid metal conduil (RMC) 

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 identified 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 equipmem 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 

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 

in accordance with the applicable provisions in this Coc 
using fittings for joints and terminations approved for usS 
with the type raceway or cable used. All connections, join^ 
and fittings shall be made tight using suitable tools. 

(B) Aluminum and Copper-Clad Aluminum Condu^ 
tors Equipment grounding conductors of bare or insulat^ 
aluminum or copper-clad aluminum shall be permitted. Bara 
conductors shall not come in direct contact with masoi 
or the earth or where subject to corrosive conditions. Alumij 
num or copper-clad aluminum conductors shall not be ti 
nated within 450 mm (18 in.) of the earth. 

(C) Equipment Grounding Conductors Smaller Than^ 
AWG Equipment grounding conductors smaller than 
AWG shall be protected from physical damage by a raccwa] 
or cable armor except where run in hollow spaces of wala 
or partitions, where not subject to physical damage, or wb^ 
protected from physical damage. 

250.122 Size of Equipment 

Grounding Conductors 

(A) General Copper, aluminum, or copper-clad aluminiu 
equipment grounding conductors of the wire type shall ng 
be smaller than shown in Table 250.122 but shall not/t 
required to be larger than the circuit conductors supplyi^S 
the equipment. Where a raceway or a cable armor or shcaM 
is used as the equipment grounding conductor, as provid* 
in 250.118 and 250.134(A). it shall comply with 250.4(A)(^ 
or (B)(4). 

•gating or Setting of Automatic 
•Qyercurrent Device in Circuit 
Kjbead of Equipment, Conduit, 
Kg Not Exceeding (Amperes) 

Size (AWG or kcmil) 

Aluminum or 
Copper-Clad 

Copper       Aluminum* 

15 L4 12 
20 12 10 
30 10 8 

40 10 8 
•v- 60 10 8 

100 8 6 

MT' 200 6 4 
30O 4 2 
400 3 1 

HT ' 500 2 1/0 
600 1 2/0 
800 1/0 3/0 

HK-I 1000 2/0 4/0 
1200 3/0 250 
1600 4/0 350 

^       2000 250 400 
250O 350 600 
3000 400 600 

4000 500 800 
5000 700 1200 
6000 800 1200 

jjjjote^WhCTc necessary to comply with 250.4(A)(5) or (B)(4), the 
gjuimicnt grounding conductor shall be sized larger than given in this 

installation restrictions in 250.120. 

ientence of 250.122(A) alerts users that, if a long 
;xists between a power source and utilization equip- 
cof the wiring methods pennitted by 250.118 for 
grounding purposes must be evaluated to ensure 

•an provide an effective path for ground-fault cur- 

K^^icreased in Size Where ungrounded conductors are 
pjjcreased'in size, equipment grounding conductors, where 
ISjif^' shall be increased in size proportionately according 
E|gg'lar mil area of the ungrounded conductors. 

pjll^cnt grounding conductors on the load side of the 
JpaE|£connecting means and overcurrent devices arc 

||pg|g^i on the size of the feeder or branch-circuit over- 
i22iS|vices ahead of them. Where the unsrounded circuit 

conductors are increased in size to compensate for voltage 
drop or for any other reason related to proper circuit opera- 
tion, the equipment grounding conductors must be increased 
proportionately. 

Example 

A 240-volt, single-phase. 250-anipere load is supplied from 
a 300-ampere breaker located in a paneiboard 500 ft away. 
The conductors are 250-kcmil copper, installed in rigid non- 
metallic conduil, with a 4 AWG copper equipment grounding 
conductor. If the conductors are increased to 350 kcmil, what 
is the minimum size for ihe equipment grounding conductor 
based on the proportional-increase requirement? 

Solution 

STEP I. Calculate the size ratio of the new conductors to 
the existing conduciors: 

Size ratio 
350.000 circular mils 

1.4 
250.000 circular mils 

STEP 2. Calculate the cruss-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 
a cross-sectional area of 41.740 circular mils. 

STEP 3. Determine the size of the new equipment grounding 
conductor. Again, referring to Chapter 9, Table 8, we find 
that 58.436 circular mils is larger than 3 AWG. The next 
larger size is 66.360 circular mils, which converts to a 2 
AWG copper equipmem grounding conductor. 

(C) Multiple Circuits 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. 

A single equipment grounding conductor must be sized for 
the largest overcurrent device. It is not required to be sized 
for the composite of all (he circuits in the raceway because 
it is not anticipated thai 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 permitted 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, 

(I) 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-iype equipment grounding conductors are in- 
stalled in multiple raceways or cables used to enclose con- 
ductors in parallel, a full-sized equipment grounding 
conductor selected from Table 250.122 based on the size of 
the overcurrent device protecting the paralleled circuit 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 paralleled 
conductors prescribed in 310.4 result in proportional distri- 
bution of the curreni-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 installed 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 lop conduit. The grounding path from ihe fault through 
the bottom conduit is longer and of higher impedance. There- 
fore, the equipment grounding conductor in each raceway 

N 

I 

Article 250 — Grounding and Bonding 250.130 

Exhibit 250.47 Grounding paths for ground fault at the load! 
supplied by parallel conductors in two nonmetallic racewaysj 
illustrating the reason for the requirement of 250.122(F)(1).; 

must be capable of carrying a major portion of the fault! 
current without burning open. 

(2) Ground-Fault Protection of Equipment Installed] 
Where ground-fault protection of equipment is instaUedT 
each parallel equipment grounding conductor in a multiconl 
ductor cable shall be permitted to be sized in accordance 
with Table 250.122 on the basis of the trip rating of thS 
ground-fault protection where the following conditions aiM 

(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 atB 
not more than the ampacity of a single ungrounded^ 
conductor of one of the cables in parallel. 

(3) The ground-fault protection is listed for the purpose oij 
protecting the equipment grounding conductor. 

Section 250.122(F)(2) applies to cables thai are install^ 
in parallel. Because cable assemblies are manufacturediiM 
standard conductor size configurations, the equipm^ffl 
grounding conductor in a cable is properly sized for so^T 
circuit arrangements but not necessarily for all parallel da 
cuit arrangements. Where the cable is used in large-capacitT 
parallel circuits, the equipment grounding conductor in eacji 
cable may not be largeenoughtocomply with Table 250.122S 
depending on the size of the overcurrent device protect|^B 
the circuit. 

To address this problem. 250.122(F)(2> permits (he si| 
ing of the equipment grounding conductor within a multicoJ| 
ductor cable to be based on the trip rating of an equiprntf 
ground-fault protection device. This method of protection's 
permitted only where the installation is serviced by qualifial 
personnel and the ground-fault device is specifically lislal 
for protecting the equipment grounding conductor. The a|J 

RRSrip setting of the ground-fault protection device 
TijSfe. Set higher than the ampacity of a single un- 
BBSujcpnductor installed as part of the parallel circuit 
IjPSient. This provision is intended to permit the use 

jgjffl^d cable assembly configurations in large-capacity 
Pljlfllelfcircuils without having to custom-manufacture the 
pffiSffflTncludc an equipment grounding conductor sized 
^"^^ffcifu: parallel circuil arrangement. 

RflEeeder Taps Equipment grounding conductors run 

ISit3teeder taPs shal1 no1 ^ srrialler thiln shown in Table 
JUM'22-based on the rating of the overcurrent device ahead 

jjffltheifeeder but shall not be required to be larger than the 
Itac^n due tors. 

^Sigraph, which is new for the 2005 Code, clarifies 
fS^ize a wire-type equipment grounding conductor for 

'eaiJBatLinstallations covered in 240.21(B). This require- 
icifies that it is the rating of the overcurrent device 

[jinl,or supply side of the feeders that is the basis for 
from Table 250.122 rather than the rating of the 
nt or other device at the load end of the lap conduc- 

iRIastands to reason because it is the device on the 
!iippi\fsick of the lap conduciors that needs to be opened 

KJenKKround-fault condition between the point at which 
(supplied and the point at which they terminate. In 

!amiiTiance:with this paragraph and 250.122(A), the equip- 
^uBrounding conductor is not required to be larger than 
t^wnj^Snded conductors under any circumstance. 

.pjttexample. a 600-kcniil copper conductor is tapped 
oKll^UU^mipere feeder and supplies a fusible switch with 

^amppre-fuses. Where the 400-ampere overcurreni pro- 
^^MjaLinstalled at the point the 600-kcmil conductors 
^^aWieir'-supply. the equipment grounding conductor 
arable 250.122 is a 3 AWG copper or 1 AWG aluminum 

^nductor^ However, in ibis lap conductor application, it is 
j^Q^mpere device that is on the line side of the 600- 
ujUapTcbnductors. and the equipment grounding conduc- 

gEable 250.122 is based on the 1200-ampere device, 
gasp, the equipment grounding conductor is required 

^^AWG copper or 250-kcmiI aluminum conductor. 
JRJioyision applies only where a wire-type equipment 

jdingjConductor 's nin Wli^ l^e feeder tap conductors. 
^_^Jlg^pmeht grounding conductors permitted in 250.118 

II^VHr "seti where ,hc.v mcet f,lt; requiremenis for tap 
pSSag wiring methods specified in 240.21(B)( I) through 

Iftjiil24 Equipment Grounding 

||Jjductor Continuity 

&(ft^neparable Connections Separable connections such 
Lij|^e provided in drawout equipment or attachment plugs 

and mating connectors and receptacles 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 condnuity, 

(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 one 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 CR, 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 Example ofa Symbol Used to Identify 
the Grounding Termination Point for an Equipment Grounding 
Conductor. 

Vll. 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- 
cuil. connections shall be permiued 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 electrode 

conductor. 
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I   i 

The grounding arrangemenl for a grounded system is illus- 
trated in Exhibit 250.48.' 

Equipment 
grounding 
lerminal bar 

Main bonding      bonded to 
jumper enctosure 

Exhibit 250.48 Grounding arrangement for grounded systems, 
per 250.130(A), illustrating connection oJ 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 to be connected to any of the following: 

(1) Any accessible point on the grounding electrode system 
as described in 250.50 

(2) 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 

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

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

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 
grodnded systems. It permits a nongrounding-lype 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. 

3. An equipment grounding conductor is connected 1 
tween the receptacle grounding terminal to any accessil 
ble point on the grounding electrode system, to i 
accessible point on the grounding electrode conductoil 
to the grounded service conductor within the servict 
equipment enclosure, or to the equipment grounding 
terminal bar in the enclosure from which the circuit ii 
supplied. 

The requirement in 250.52(A)(1) does not permit this sepal 
rate equipment grounding conductor to be connected to \ha 
metal water piping of a building or structure beyond thd 
first 5 ft of where the piping enters the building or structure 
unless the conditions of the exception to 250.52(A)(1) c 

Exhibit 250.49 shows a branch-circuit extension madt| 
from an existing installation. This method is also pemutte 
to ground a replacement 3-wire receptacle in the exisllnJ 
ungrounded box on the left, where no grounding conductor 
Is available. 

/Type NM cable without equipmenl grounding        Grounding-type 
conductor for existing installation \        replacement 

- — vfeceptada 

Exhibit 250.49 Branch-circuit extension to an existing installs; 
tion, per 250.13D(C), illustrating a separate equipment grounding 
conductor connected to the grounding electrode system. 

250.132 Short Sections of Raceway 

Isolated sections of metal raceway or cable armor, whercl 
required to be grounded, shall be grounded in accordaiicc| 
with 250.134. 

250.134 Equipment Fastened in Place or ) 1 

Connected by Permanent Wiring Methods j 

(Fixed) — Grounding 

Unless grounded by connection to the grounded circuit con- 
ductor as permitted by 250.32. 250.140, and 250.142. 
non-cuirent-carrying metal parts of equipmenl, racewaySt 
and other enclosures, if grounded, shall be grounded by one 

of the following methods. 

RKtion 250.134 eliminates any conflict between 
P50 134(A)- which requires an equipment grounding con- 
Bfuctor to.be used for equipment grounding, and 250.32. 
BtfO 140 and 250.142, which permit the grounded circuit 

inductor to be used for equipmenl grounding if certain 
ciGed conditions are met. 

|(A) Equipment Grounding Conductor TVpes By any of 
Ithe equipment grounding conductors permitted by 250.118. 

|(B) With Circuit Conductors By an equipment grounding 
Iconductor contained within the same raceway, cable, or oth- 
lerwise run with the circuit conductors. 

[ne'of the functions of an equipment grounding conductor 
Mo provide a low-impedance ground-fault path between a 
ound fault and the electrical source. This path allows the 

ivei'current protective device to actuate, interrupting the 
rent. To keep the Impedance at a minimum, It is necessary 
lih the equipment grounding conductor in the same race- 

Jl^gr cable as the circuit conductor(s). This practice allows 
ihe|tnagneUc field developed by the circuit conductor and 
Ih^equipment grounding conductor to cancel, reducing their 

impedance. '• 
^Magnetic flux strength is inversely proportional to the 

Etjuare of die distance between the two conductors. By plac- 
ing.an equipment grounding conductor away from the con- 
ductor delivering the fault current, the magnetic flux 
Kaacellalion decreases. This increases the impedance of the 
Bajdt path and delays operation of the protective device, 

Exception No. I: As provided in 250.130(C), the equipmenl 
,'.: gwunding conductor shall be permitted to be run separately 
.jfjwn the circuit conductors. 

Ipcepiion No. I to 250.134(B) permits an equipment 
ilpounding conductor to be run to the grounding electrode 
MfFSrately from the other conductors of an ac circuit. This 

•ll&l^ce applies only where a grounding-type receptacle is 
;|P^:0n a circuit that does not include an equipment ground- 
•fe& conductor. See the commentary following 250.130(C) 
fe fiirther explanation. 

teception No. 2: For dc circuits, the equipment grounding 
conductor shall be permitted to be run separately from the 
ciKuit conductors. 

f^N No. I: See 250.102 and 250.168 for equipment 
bonding jumper requirements. 
PPN No. 2: See 400.7 for use of cords for fixed equip- 
menL 

250.136 Equipment Considered Effectively 

Grounded 

Under the conditions specified in 250.136(A) and (B), the 
non-current-carrylng metal parts of the equipment shall be 
considered effectively grounded. 

(A) Equipment Secured to Grounded Metal Supports 
ElectricaJ 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 building shall not be used as the 
required equipment grounding 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). 

Ail equipment in good electrical contact with metal rack 

IP* CD 

\ 

i=a 

Melat rack 
eflectively grounded 

Nonmetallic 
raceway 
(typical) 

"D 

Exhibit 250.50 An example of electrical equipment considered 
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-PIug-Connected 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 Equipment Grounding Conduc- 
tor By means of an equipment grounding conductor run 
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 to be of the movable, self-restoring type on circuits 

:   k 

LJ! 
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operating at not over ISO volts between any two conductors 
or over 150 volts 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 coiuiuctor 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 to 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/i20-voli derived from a 3-phase. 4-wire, wye- 
connected system. 

(2) The grounded conductor is not smaller than JO 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 
senice equipment. 

(4) Grounding contacts of receptacles furnished as part of 
the equipment are botided to the equipment. 

The exception lo 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- 
led 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 
grounding conductor sized in accordance with 250.122 for 
grounding the non-current-carrying 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 jumper be- 
tween the neutral and the frame of the appliance must be 
removed. Where a new range or clothes dryer is connected 
lo an existing branch circuit without an equipment grounding 
conductor, in which the neutral conductor is used for ground- 
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ing the appliance frame, it must be ensured that a bondin) 
jumper is in place between the neutral terminal of the appU 
ance and the frame of the appliance. 

The grounded circuit conductor of an existing branch! 
circuit is slill permitted to be used to ground the frame oi 
an electric range, wall-mounted oven, or counter-moun 
cooking unit, provided all four conditions of 250.140. Excep: 
tion, are met. In addition, a revision in this provision forl 
the 2005 Code permits application of the exception otilyj 
where the existing branch-circuit wiring method does not) 
provide an equipment grounding conductor. There are mani 
existing branch circuits in which nonmeiallic sheath cablel 
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 simplyj 
not used because it was permitted to ground the equipmeol 
with the insulated neutral conductor of the NM cable. Thi; 
'"extra" conductor was on account of the fact that the ban 
conductor in a Type NM cable is to be used only as 
equipment grounding conductor and cannot be used as 
grounded (neutral) conductor in the same manner as is per; 
mitted for an uninsulated conductor in the service entrance; 

In addition to grounding the frame of the range or cIolhe| 
dryer, the grounded circuit conductor of these existing brand 
circuits is also permitted to be used to ground any junction; 
boxes in the circuit supplying the appliance, and a 3-wi 
pigtail and range receptacle are permitted to be used 

Prior to the 1996 Code, use of the grounded circuit] 
conductor as a grounding conductor was permitted for 
installations. In many instances, the wiring method waq 
service-en trance 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 curren^ 
from downstream panelboards on metal objects, such^i 
pipes or ducts. 

Exhibit 250.51 shows an existing installation in whichj 
Type SE service-entrance cable was used for ranges, dryers, 
wall-mounted ovens, and counter-mounted cooking units 
Junction boxes in the supply circuit were also permitted 
be grounded from the grounded neutral conductor. 

' ( 
250.142 Use of Grounded Circuit Conductor for 

Grounding Equipment t 

(A) Supply-Side Equipment A grounded circuit conduc- 
tor shall be permitted to ground non-current-canying metal 
parts of equipment, raceways, and other enclosures at any 
of the following locations: 

(1) On the supply side or within the enclosure of the ac 
service-disconnecting means ( 

(2) On the supply side or within the enclosure of the main 
disconnecting means for separate buildings as provided 

in 250.32(B) 
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4 Single-phase, 
3-wire serves     Range or 

clothes dryer 
Junction 

^^xl 
Type SE service-entrance caWe with 
insulated or uninsulated grounded 
neutral conductor permitted 

No Oroonding Conductor 

ESngla-ptiasfl, 
la-wire service 

Range or 
clothes dryer 

h. 
• Grounding conductor 

included or provided 
Type SE service-enlrance cable 
wilh uninsulated grounded 
neutral conductor not permitted 

With Grounding Conductor 

Milbll 250.51 An existing installation in which the grounded 
iductor in Type SE sen/ice-entrance cable was used for 

irounding the frames of ranges and clothes dryers, plus associ- 
rated-metal junction boxes, in accordance wilh 250.140. 

^(3) On the supply side or within the enclosure of the main 
disconnecting means or overcurrenl devices of a sepa- 

fe?. irately derived system where permitted by 250.30(A)(1) 

ieparately derived systems, the grounded circuit conduc- 
I^T^ permitted to ground non-current-carrying metal pans 

Equipment, raceways, and other enclosures only on the 
ply side of the main disconnecting means. 

^00 Load-Side Equipment Except as permitted in 
f 25P,30(A){1) and 250.32(B). a grounded circuit conductor 
^shall not be used for grounding non-current-carrying metal 
JIWs of.equipment on the load side of the service discon- 
f peeling means or on the load side of a separately derived 
^yslem disconnecting means or the overcurrenl devices for 

^Separately derived system not having a main disconnecting 
yneans.' 

{-Option No. I: The frames of ranges, wall-mounted ovens, 
^'umer-rnounted cooking units, and clothes dryers under 
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the conditions permitted for existing installations by 250.140 
shall be permitted to be grounded by a grounded circuit 

conductor. 

Exception No. 2: It shall be permissible 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 overcurrenl 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 nol 
permitted to be grounded on the load side of the service 
[except as permitted in 250.30. 250.32(B)(2). and the four 
exceptions lo 250.142(8)) 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 lo it would cany the neutral 
cunenl, raising the potential lo ground of exposed metal 
pans nol normally intended to carry current. This could 
result in arcing in concealed 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 (usually referred to as 
an open neutral), the equipment grounding conductor path 
would become a parallel path wilh 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 equipment grounding conductor 
path be affected, but all parallel paths nol intended as equip- 
ment grounding conductors would be affected as well. This 
could involve cunenl 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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250.146 Article 250 — Grounding and Bonding 

provided for each such connection as specified in 250.134 
and 250.138. 

250.146 Connecting Receptacle Grounding 
Terminal to Box 

An equipment 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(8) 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 
jumper to be installed between the device box and the recep- 
tacle grounding terminal. However. 250.146(A) permits the 
equipment bonding jumper to be omitted where the metal 
yoke of the device is in direct meial-io-mctal contact with 
the metal device bnx and at least one of the fiber retention 
washers for the receptacle mounting screws is removed, as 
illusiraied in Exhibit 250.52. 

Cover-mounted wiring devices, such as on 4-in. square 
covers, are not considered grounded. Section 250.146(A) 

Bonding jumper no) ij 
required where direct -,B 
metal-to-metal contact - 
end one screw-retention, 
washer removed ^1 

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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does not apply to cover-mounted receptacles, sucl 
one illustrated in Exhibit 250.53. Box-cover and devil 
binations listed as providing grounding continuity: 

Exhibit 250.53 An example of a cover-mounted receptai 
attached to a surface box where a bonding jumper is 

(B) Contact Devices or Yokes Contact devices or yoke 
designed and listed as self-grounding shall be permittt 
in conjunction with the supporting screws to establish 
grounding circuit between the device yoke and flush^j 

Section 250.146(B) is illustrated by Exhibit 250.54,^| 
shows a receptacle designed with a spring-type groiiffi 
strap for holding the mounting screw and establishi^ 
grounding circuit so that an equipment bonding jurn^ 
not required. Such devices are listed as "self'-gropni 

(C) Floor Boxes Floor boxes designed for and list^g 
providing satisfactory ground continuity between lo^| 
and the device shall be permitted. 

(D) Isolated Receptacles Where required for the redupfij 

of electrical noise (electromagnetic interference) jpB|j 
grounding circuit, a receptacle in which the grounding KSj 
nal is purposely insulated from the receptacle mounljj 
means shall be permitted. The receptacle grounding ta 
shall be grounded by an insulated equipment giouD.1?, 
conductor run with the circuit conductors. This gro^ 
conductor shall be permitted to pass through one or ffjjj 
panelboards without connection to the panelboard groufl^ 

terminal as permitted in 408.40, Exception, so as to ^^j^ 
within the same building or structure directly at an equ|P||g 
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Isolated-ground- 
type receptacle 

Isolated equipment 
grounding conductor 
(insulation required] 

J'"M 

^146(D) allows an isolated-ground-type recepta- 
Imstailed without a bonding jumper between the 
J^e^box and the receptacle grounding terminal. 
atediequipment-grounding conductor, as shown in 

§ggf55, is installed with the branch-circuit conduc- 
||bnductor may originate in the service panel, pass 

j^pumberof subpanels without being connected to 
jg^Vgrounding bus. and terminate at the isolated- 

^receptacle ground terminal. However, this does 
&e metaldevice box from being grounded. The 

Jjjle^ox must be grounded either by an equipment 
jj|p[o.nductor run with the circuit conductors or by 

Jfec^hod that serves as an equipment grounding 
jjjlttffc 250.118 for types of equipment grounding 

||i|ig-to 250;146(D). where isolated-ground-type 
SgHP Used, the isolated equipment grounding con- 
^tenninate at an equipment grounding terminal of 

yglescrvice or derived system in the same building 
l^tacle. If the isolated equipment grounding con- 
j^nates at a separate building, a large voltage 

^P'cxist between buildings during lightning tran- 
jg^transients could cause damage to equipment 

IH^ lso'ated-ground-lype receptacle and present 
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Exhibit 250.55 An isolated-ground-lype receptacle with an insu- 
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-lype receptacle, 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 a 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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250.160 Artide 250 — Grounding and Bonding 

the circuit cuniJuctors arc 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: Vie equipment grounding conductor permitted 
in 250.146(D) shall not be required to be connected to the 
other equipment grounding conductors 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) Grounding Continuity The arrangement of grounding 
connections shall be such that the disconnection or the re- 
moval of a receptacle, tuminaire (fixture), or other device 
fed from the box does not 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) Nonmelallic Boxes One or more equipment grounding 
conductors brought into a nonmelallic 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. 

VEIL Direct-Current Systems 

250.160 General 
Direct-current systems shall comply with Part VIII and other 
sections of Article 250 not specifically intended for ac sys- 

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 supplying only industrial 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 
to be grounded. 

Exception No. 3: Direct-current fire alarm circuits having 
a maximum current of 0.030 amperes as specified in Anicl? 
760. Part HI, shall not be required to be grounded.       ) 

(B) Three-Wire, Direct-Current Systems The neutral 
ductor of all 3-wire, dc systems supplying premises wiring 
shall be grounded. 

250.164 Point of Connection for 

Direct-Current Systems 

(A) OfT-Premlses Source Direct-current systems to 
grounded and supplied from an off-premises source shall 
have the grounding connection made at one or more supplj 
stations. A grounding connection shall not be made at indi- 
vidual services or at any point on the premises wiring. 

As shown in the 3-wire dc distribution system in Exhil 
250.56. the neutral is grounded at the off-premises general 
site. Grounding of a 2-wire dc system would be accor 
plished in the same manner. For an on-premises generate 
a grounding connection is required and is to be loci 
at the source of the first system disconnecting means! 
overcurrent device. Other equivalent means that use f 
ment listed and identified for such use are permitted. 

Artide 250 — Grounding and Bending 250.174 

*   250.166 Size of Direct-Current Grounding 
f-. Electrode Conductor 

gSsvThc size of the grounding electrode conductor for a dc system 
v' shall be as specified in 250.166(A) through (E). 

"^ (A) Not Smaller Than the Neutral Conductor Where the 
W- dc system consists of a 3-wire balancer set or a balancer 

>r jpr^winding with overcurrent protection as provided in 
H 445.12(D), the grounding electrode conductor shall not be 

gSrsmaller than the neutral conductor and not smaller than 8 
|p:.AWG copper or 6 AWG aluminum. 

3-Wire, 120/240-V dc Distribution System 

^GflnK^ 

Ground at 
generator 

Feeder 
conductors 

ground 

Exhlbit250.56 AS-wire, 120/240-voltdc distribution system w 
the neutral grounded at the oH-premises generator site. 

(B) On-Premises Source Where the dc system sourceij 
located on the premises, a grounding connection shallj 
made at one of the following: 

(1) The source 
(2) The first system disconnection means or overciu 

device 
(3) By other means that accomplish equivalent system p 

teciion and that utilize equipment listed and idenl 
for the use 

^.(B), Not Smaller Than the Largest Conductor Where the 
Sjdc system is other than as in 250.166(A), the grounding 

>, electrode conductor shall not be smaller than the largest 
f conductor supplied by the system, and not smaller than 8 
LWG copper or 6 AWG aluminum. 

|(C) Connected to Rod, Pipe, or Plate Electrodes Where 
gconnected to rod, pipe, or plate electrodes as in 250.52(A)(5) 
gor 250J52(A)(6). that portion of the grounding electrode 
Iponductor that is the sole connection to the grounding clec- 
Ifrode shall not be required to be larger than 6 AWG copper 
fcwire or 4 AWG aluminum wire. 

|(D) Connected to a Concrete-Encased Electrode Where 
iconnected to a concrete-encased electrode as in 
8250.52(A)(3), that portion of the grounding electrode con- 
l.ductor that is the sole connection to the grounding electrode 
ishall not be required to be larger than 4 AWG copper wire. 

|(E) Connected to a Ground Ring Where connected to a 
Igroundringas in 250.52(A)(4), that portion of the grounding 
telectrode conductor that is the sole connection to the ground- 
ling electrode shall not be required to be larger than the 
Conductor used for the ground ring. 

p50.168 Direct-Current Bonding Jumper 

B&dc systems, the size of the bonding jumper shall not 

K^smaller ^^ ^ system grounding electrode conductor 
feecified in 250.166. 

|250.169< Ungrounded Direct-Current Separately 
H ""rived Systems 

l&cept ^ otherwise permitted in 250.34 for portable and 

^ .    :mounted generators, an ungrounded dc separately 
system supplied from a stand-alone power source lle,rived 

Rsuch l 1 as; an engine-generator set) shall have a grounding 
f ode conductor connected to an electrode that complies 

Brae    ^ ***t0 provide for grounding of metal enclosures, 
ipart  a^s''ca*)'es' and exposed non-current-carrying metal 

Inectin     Uipment*Thc £rouncIing electrode conductor con- 
1 sllaU be to the metal enclosure at any point on the 

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 TVansformer Circuits 
Secondary circuits of current and potential instrument trans- 
formers shall be grounded where the primary windings are 
connected to circuits of 300 volts or more to ground and. 
where on switchboards, shall be grounded irrespective of 
voltage. 

Exception: Circuits where the primary windings are con- 
nected to circuits of less than 1600 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. 

'      H 
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250.176 Article 250 — Grounding and Bonding Article 250 — Grounding and Bonding 250.190 

250.176 Cases of Instruments, Meters, and 

Relays — Operating Voltage 1 kV and Over 

Where iostrumenls, meters, and relays have currem-carrying 
parts of I 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 
either single point grounded or multigrounded neutral. 

For systems over 1000 volts, the Code permits solidly 
grounded neutral systems thai 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 
retjuired to 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 

ExceptionNo. 1: Bare copper conductors shall be pem 
to be used for the neutral of service entrances and the ttAuSI 
of direct-buried portions of feeders. *"i~ 

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

Exception No. 3: The neutral grounded conductor shaM 
permitted to be a bare conductor if isolated from njf 
conductors and protected from physical damage,   i * 

FPN: See 225.4 for conductor covering where wjthj^ 
3.0 tn (10 ft) of any building or other structure. 

(2) Ampacity The neutral conductor shall be of suffice! 
ampacity for the load imposed on the conductor but not^ 
than 33'/a percent of the ampacity of the phase cooductoi 

Exception: In industrial and commercial premises i 
engineering supervision, it shall be permissible to sizM 
ampacity of the neutral conductor to not less than 20petvm 
of the ampacity of the phase conductor. 

(B) Single Point Grounded System Where a single p 
grounded neutral system is used, the following shall appm 

(1) A single point grounded system shall be permitted 
be supplied from (a) or (b): 

a. A separately derived system 
b. A multigrounded neutral system with an equipmj^ 

grounding conductor connected to the muldgroundg 
neutral at the source of the single point groundg 
system 

(2) A grounding electrode shall be provided for the sysfc 
(3) A grounding electrode conductor shall connetffi 

grounding electrode to the system neutral. 
(4) A bonding jumper shall connect the equipment grouB 

ing conductor to the grounding electrode conductor! 
(5) An equipment bonding conductor shall be provide^ 

each building, structure, and equipment enclosure.! 
(6) A neutral shall only be required where phase to ncut| 

loads are supplied. 
(7) The neutral, where provided, shall be insulatedg 

isolated from earth except at one location. 
(8) An equipment grounding conductor shall be nin.^SJ 

the phase conductors and shall comply with (a).| 

a. Shall not carry continuous load £| 
b. May be bare or insulated i-^_ 
c. Shall have sufficient ampacity for fault current^ 

(C) Multigrounded Neutral Systems Where a .tPJ^S 
grounded neutral system is used, the following shall aijE 

(1) The neutral of a solidly grounded neutral system sffij 

be permitted to be grounded at more than onC-^|j[ 
Grounding shall be permitted at one or more ol^ 

following locations: [ 

iTransfonncrs supplying conductors to a building or 
gther structure 

jnderground circuits where the neutral is exposed 
Overhead circuits installed outdoors 

multigrounded neutral conductor shall be grounded 
[Sach transformer and at other additional locations by 
.jpection to a made or existing electrode. 
ffleast one grounding electrode shall be installed and 

Snnected to the multigrounded neutral circuit conduc- 
J^.ery 400 m (1300 ft). 
Ij&jniaximurn distance between any two adjacent elec- 

idjs shall not be more than 400 m (1300 ft), 
f^imjljjunultigrounded shielded cable system, the shielding 

ymkbe grounded at each cable joint that is exposed to 
jerspnnel contact. 

SSfelmpedance Grounded Neutral Systems 

jedance grounded neutral systems in which a grounding 
tnce. usually a resistor, limits the ground-fault current, 
^permitted where all of the following conditions arc 

3u3conditions of maintenance and supervision ensure 
iEationlv qualified persons will service the installation, 

jgund detectors are installed on the system. 
ElMkoa-to-neutral loads are not served. 

gdance grounded neutral systems shall comply with 
isions of 250.186(A) through (D). 

wi»tion The grounding impedance shall be inserted 
jn^gunding conductor between the grounding electrode 
jj}3gupply system and the neutral point of the supply 
^jEjgffi|r or generator. 

Ratified and Insulated The neutral conductor of an 
Jp grounded neutral system shall be identified, as 

^J^fuliy insulated with the same insulation as the phase 
fij&rs. 

|j|£s|em Neutral Connection The system neutral shall 
"^nnected to ground, except through the neutral 
^impedance. 

Jgfluipment   Grounding    Conductors    Equipment 
Jg^g-conductors shall be permitted to be bare and shall 

_HWi£&,caUy connected to the ground bus and grounding 
jjjfeonductor. 

Ki^; Groundine of Systems Supplying 
H^0r Mobile Equipment 

Soth   •   ^n^ P003^ or mobile high-voltage equip- 
BSri   an subslations installed on a temporary basis, 

My with 250.188(A) through (F). 

Hortahle describes equipment that is easily carried from one 
location to another. Mobile describes equipment thai 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-energize any high-voltage system component that has 
developed a ground fault. The continuity of the equipment 
grounding conductor shall be continuously monitored so as 
to de-energize automatically the high-voltage circuit to the 
portable or mobile equipment upon loss of continuity of the 
equipment grounding conductor. 

(E) Isolation The grounding electrode to which the 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 electrodes, 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 shall meet the requirements of Part III of Article 
400 for cables and 490.55 for couplers. 

250.190 Grounding of Equipment 

All non-current-carrying melal parts of fixed, portable, and 
mobile equipment and associated fences, housings, enclo- 
sures, and supporting structures shall be grounded. 

Exception: Where isolated from ground and located so as 
to prevent any person who can make contact with ground 
from contacting such metal parts when the equipment is 
energized 

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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t;;;S|            ARTICLE 110 • 110.16 Flash Protection 
; 

1 

i        .   Requirements for Electrical 110.18 Arcing Parts 

||               Installations 110.19 Light and Power from Railway Conductors 
110.21 Marking 
110.22 Identification of Disconnecting Means 'C^'*i* •>. 

;1., '"•' Summary of Changes 110.23 Current Transformers \ 

1 '•' • llO.li, Revised paragraph to include enclosures intended II. 600 Volts, Nominal, or Less 

1 -•••• ' for personnel entry. 110.26 Spaces About Electrical Equipment :j 
• 110.12:.. Added    FPN    referencing    ANSI-approved (A) Working Space 

p: standards.  '    .'   . (B) Clear Spaces 

1-^ ; 
kj ^LAt I\-*v»-» x*fcj • 

(C) Entrance to Working Space 
• 110.15: Revised paragraph to clarify application of special (D) Illumination 1 

f! .f identification to the high leg only. (E) Headroom 1 
• 110.16:   Reyised  paragraph  to  include  meter  socket (F) Dedicated Equipment Space I 

i/'-- • enclosures. 110.27 Guarding of Live Parts 1 
'•'('''/•; ^^ 

• • 110;26(G)(2): Deleted six-ft width limitation so that re- (A) Live Parts Guarded Against Accidental Contact jj 
i/ "•• .- quirement applies to all equipment rated 1200 amperes (B) Prevent Physical Damage f 
i,::,''':.' and greater and containing overcurrent devices, switching (C) Warning Signs i j 
si   • devices, and control devices.. III. Over 600 Volts, Nominal i i'^ 

110 30 General • r. • Part ¥,110.70-110.79: Moved Article 314, Part IV to 
Article,no::. •,.•;.       , ,            , :    v'V 110.31 Enclosure for Electrical Installations '!i\ 

(A) Fire Resistivity of Electrical Vaults 
(B) Indoor Installations 
(C) Outdoor Installations 

; 

i 
Contents I''- "'•'', (D) Enclosed Equipment Accessible to Unqualified 

.; Ii General Persons ,i 

:;C;4:110.1    Scope 110.32 Work Space About Equipment 
il       .''" 
(;.'••;,••,•' 

':jr 110.2    Approval 110.33 Entrance and Access to Work Space 1 
^ 

fe-  110.3    Examination, Identification, Installation, and 
•*%"          Use of Equipment 

(A) Entrance 
(B) Access 

;i ';;:•.      (A)   Examination 110.34 Work Space and Guarding 
|l^;\* .{|;,    (B)   Installation and Use (A) Working Space 

'^•.110.4   Voltages 
vV^'-110.5    Conductors 

(B) Separation from Low-Voltage Equipment 
(C) Locked Rooms or Enclosures 

;) 

'$^110.6   Conductor Sizes (D) Illumination il 

„^.' 

&?'• 110.7    Insulation Integrity 
t:-\   110.8    Wiring Methods 
^0 110.9    Interrupting Rating 
-;,•;.•• 110.10 Circuit Impedance and Other Characteristics 

(E) Elevation of Unguarded Live Parts 
(F) Protection of Service Equipment, Metal- 

Enclosed Power Switchgear, and Industrial 
Control Assemblies %t i;|-.; ;:.'.; 110.11  Deteriorating Agents 110.36 Circuit Conductors '% 

v:-.:ll0.12 Mechanical Execution of Work 110.40 Temperature Limitations at Terminations 
.; ;W.     (A) Unused Openings IV. Tunnel Installations over 600 Volts, Nominal H 

,•••'•';'•';'•    (B) Subsurface Enclosures 110.51 General '?• 

[.'•v';-' .; : •;;..' '     (C) Integrity of Electrical Equipment and (A) Covered it: 

,;%;            Connections (B) Other Articles i| 
;    110^3 Mounting and Cooling of Equipment (C) Protection Against Physical Damage 

|   ' -  '"•' ;-..        (A) Mounting 110.52 Overcurrent Protection i; 

'  '•    .' "'/fV     (B) Cooling 110.53 Conductors 
110.14 Electrical Connections 110.54 Bonding and Equipment Grounding Conductors 1 

,v;:       (A) Terminals (A) Grounded and Bonded 

f-'" 
./S' •• (B) Splices (B) Equipment Grounding Conductors V 

j,,;'"''. ,,.,     ^ Temperature Limitations 110.55 Transformers, Switches, and Electrical V 

1- 
'.V; 110.15 High-Leg Marking Equipment 

i 
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110.1 Article 110 — Requirements for Electrical Installations 

110.56 Energized Paris 
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 

I. General 
110.1 Scope 

This article covers general requirements for the examination 
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. See definitions of Approved. Identi- 
fied. Labeled, and Usled. 

All electrical 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 labeling as a means of establishing 
suitability. 

Approval of equipment is the responsibility of the elec- 
trical inspection authority, and many such approvals are 
based on tests and listings of testing laboratories. 

110.3 Examination, Identification, Installation, 

and Use of Equipment 

(A) Examination In judging equipment, 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-'j 
out boxes, see 312.6, Table 312.6(A). Table 312.6(B), 312.7, \ 
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 
404.3 and 404.18 for switches; 408.3(F) for switchboards 
and panelboards; and 430.10 for motors and motor control 

(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 usually supply installation instmctions with' 
equipment for use by general contractors, erectors, electrical' 
contractors, electrical inspectors,'and others concerned with: 
an installation. It 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,the; 
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; 
part of the heating unit or be installed in the floor close to 
the wall but not above the heating unit. (See 210.52, FPN, 
and Exhibit 210.23 for more specific details.) 
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Article 110 — Requirements for Electrical Installations 110.7 

In'itself, 110.3 does not require listing ot labeling of 
PLiipment. It does, however, require considerable evaluation 
^equipment. Section 110.2 requiresthat equipment be ac- 
Kptable only if approved. The term approved is defined in 
KSkicleilOO as acceptable to the authority having jurisdiction 
jSiiij: Before issuing approval, the authority, having juris- 
fciiction.may require evidence of compliance with, 110.3(A). 
Ete most common form of evidence considered acceptable 
InUutliorities having jurisdiction is a listing or labeling by 

Btthird party. v.^ji-vf ;vi;,:!.'M;;; 
•fc .Some sections in the Code.requireJisted or labeled 
BEpmerit. For example,"250.8 includes the phrase "listed 
lpressure,connebtors, listed clamps,^or other listed means," 

|ll0.4 Voltages 

^Throughout this Code, the voltage considered shall be that 
lat which the circuit operates. The voltage rating of electrical 
fequipment shall not be less than the nominal voltage of a 

Eircuit to which il is connected. 

^Sages used for computing branch-circuit and feeder loads 
BSiominal voltages as listed in 220.5. See Itic.definitiqns 
wSShliane.lof,a circuit); voltagfi nominal; and' vollageM 
Wgm!"1 irivAriicle.100:.See also 300.2 and 3p0.3(C);;which 
llpKify the voltage limitations of conductors of circuits rated 
ITOvoltsj nominal, or less, and over 600 volts, npminal.- , 

1110.5 Conductors 

Conductors normally used to carry current shall be ot copper 
luniess otherwise provided in this Code. Where the conductor 
Imaterial is not specified, the material and the sizes given in 
maiCode shall apply to copper conductors. Where other 
Materials are used, the size shall be changed accordingly. 

''• FPN; For aluminum and copper-clad aluminum conduc- 
;s, see 310.15. 

.CUfTfor aluminum conductor material,,,,   , 

EJ0.6_ Conductor Sizes 

conductor sizes are expressed in American Wire Gage 

|(AVKj) or in circular mils. 

j^ffiopperi aliiiriinum, or copper-clad aluminum conductors 
lm^tsize-4/O'AWG.' this Code uses the American Wire 
tj^a(>WG);.for size identification,' which is the same as 
Esjlgi•'anb Sharpe (BS) Gage.. Changed for the 2002 
•ggjliwire sizes'up to size 4/0 AWG are now expressed as 
ISCjSVG.XX being the size wire. For example, a wire size 
Em||ed as. Wo. • 12 in. prior editions of the Code is now 
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expressed as 12 AWG. The resulting expression would there- 
fore appear as six 12 AWG conductors instead of 6 No. 12 

conductors. • • ' '   V •  •   • 
Conductors larger than 4/0 AWG are sized in circular 

mils, beginning with 250,000 circular mils. Prior to the 1990 
edition, a 250,000-circular:mil conductor was labeled 2J0. 
MCM. The term MCM was defined as. 1000 circular mils 
(the first M being the Roman numeral designation for 1000). 
Beginning in the 1990 edition, the notation vyas changed to 
250.fa:mi7 to recognize the accepted convention that k indir 
cales 1000. UL standards and IEEE standards also.use the 
notation jtc/m/rather than AfCAf..: .,'•'•>'.; 
...The circular mil area'.of a'conductor is equal to its 

diameter in mils squared (I in. = 1000 mils). For example, 
the circular mil area of an 8 AWG solid conductor lhat.has 
a 0.1285-in. diameter is calculated as follows;   . 

•;•' ', .0.1285.'in,'.x 1000,-128.5 rails. ...'^y'",,' 

. .; , ; I28,5..X'.T28.5= .16,512.25 circular mils '•;••, .•;.; 

or 16:510 circular mils (rounded off) ;••,••,   ; 
. According to. Table 8 in Chapter 9, this rounded value 

lipresems the "circular mil area for one conductor. Where 
stranded conductors are used, the circular mil area of each 

. strand thust bemultipl.icd by the number of strands to deter- 
mine the circular;mil area of the conductor.   ;     . ..•,•,; '. '. 

110.7 Insulation Integrity 

Completed wiring installations shall be free from short cir- 
cuits and from grounds other than as required or permitted 

in Article 250, 

Ihsulatiqn'is'the niaterial that prevents the'flow of electricity 
between points of different potential in an electrical system. 

: Failure of the insulation system is.one of.the most common 
'. causes.of problems in electrical installations';'in both high- 

vpllage and low-voltage systems *-*     ', 
•'/^Insulation tests are performed on new or existing instal- 

lations tqdeicrinine the quality or condition of the insulation 
of conductors and equipment. The principal causes of insula'-. 
tioiiTaiiures aie'heat,'moisture, dihi::ahd physical damage, 

(abrasion'or nicks) occurring during and after installation. 
Iniulaliori can also fail due to cherhic^ attack, sunlight, .and 

excessive voltage stresses •. I '   :    *' 
K-' Insulation integrity must be maintained duririgovcrcur- 

renl conditions: Overcurrcnl prbtectiye devices must be sc- 
lected.and coordinated usjiig.tables of insulation therraal- 

withstand ability.to ensure that the damage point of an 
insulated conductor is never reached,-These tables, entitled 
"Allowable Short-Circuit Currents for Insulated Copper (or 
Aluminum) Conductors," are contained in the Insulated 

. Cable Engineers Association's publication ICEA P-32:382. 
See 110.10 for other circuit components. 

In an insulation resistance test, a voltage ranging from 
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HHI tt> 50()O (usually 5(X» lo ll)0(» volts for systems of 600 
volts or less), supplied from a source of consiani potential, 
is applied across the Insulation. A megohmmcier ^ usually 
ihe potential source, and it indicates the insulation resistance 
directly on a scale calibrated in megohms (MU). The quality 
of the insulation 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 to the standard temperature for the class of 
equipment being tested. The megohm value of insulation 
resistance obtained is inversely proportional to the volume 
of insulation tested. For example, a cable 1000 ft long would 
be expected lo 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 types and classes of electrical 
equipment. Its main value lies in the charting of data from 
periodic tests, corrected for temperature, over a long period 
so that deteriorative trends can be delected. 

Manuals on this subject are available from insirumem 
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 megohinmeter insulation tester. 

Exhibit 110.1  A manual multivoitage. multirange insulation 

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 applies generally to all wiring 
methods, except as amended, modified, or supplemenied by 
other ;V/;C chapters. The application statement is found in 
90.3. Code Arransetnent. 

110.9 Interrupting Rating 

Equipment intended to interrupt current 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 (hat must be interrupted. 

The interrupting rating of overcurrenl protective devices is 
determined under standard test conditions. It is important 
that the test conditions match the actual installation needs. 
Section 110.9 stales that all fuses and circuit breakers in- 
tended to interrupt the circuit at fault levels must have an 
adequate interrupting rating wherever they are used in the 
electrical system. Puses or circuit breakers that do not have 
adequate interrupting ratings could rupture while attempting 
to clear a short circuit. 

Interrupting ratings should not he contused with short- 
circuit curreni ratings. Short-circuit current ratings are fur- 
ther explained in the commentary following 110.10. 

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 selecied 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 either 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 I9yy Onle. the word current was substituted for the 
obsolete word wiihsumd. That change correlated the Cmle 
language with the standard marking language used on equip- 
ment. Withstand ratings are not marked on equipment, hut 
short-circuit current ratings are. This marking appears on 
many pieces of equipment, such as panelboards. switch- 
boards, buswavs, contactors, and Starters. Additionally, the 
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last sentence of 110.10 is meant to address concerns of what 
exactly constitutes "extensive damage." Because, under 
product safely requirements, electrical equipment is evalu- 
ated for indications of extensive damage, listed products 
used within their ratings are considered to have met the 
requirements of II0.I0. 

The basic purpose of overcurrent protection is to open 
the circuit before conductors or conductor insulation is dam- 
aged when an overcurrent condition occurs. An overcurrenl 
condition can be the result of an overload, a ground fault, 
ora short circuit and must be eliminated before the conductor 
insulation damage point is reached. 

.' Overcurrent protective devices (such as (uses and circuit 
breakers) should be selecied lo ensure that the short-circuit 
current rating of the system components is not exceeded 
should a short circuit or high-level ground fault occur. 
P1 System components include wire, bus structures, 

switching, protection and disconnect devices, and disirihu- 
tion equipment, all of which have limited short-circuit ratings 
and would be damaged or destroyed if those short-circuit 
ratings were exceeded. Merely providing overcurrent protec- 
tive devices with sufficient interrupting rating would not 
ensure adequate short-circuit protection for the system com- 
ponents. When the available 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. 
V' Utility companies usually determine and provide infor- 
mation on available short-circuit curreni levels at the service 
equipment. Literature on how to calculate short-circuit cur- 
rents at each point in any distribution generally can be ob- 
tained by contacting the manufacturers of overcurrenl 
protective devices or by referring to IEEE 141-1993. IEEE 
Recommended Practice for Electric Power Olstrihution for 
Industrial Plums Wed Book). 

L. For a typical one-family dwelling with a 100-ampere 
service using 2 AWG aluminum supplied by a 371/2 kVA 
transformer with 1.72 percent impedance located at a dis- 
tance of 25 ft. the available short-circuit current would be 
approximately 6000 amperes. 

Available short-circuit curreni to multifamily structures, 
where pad-mounted transformers are located close to the 
multimetering location, can be relatively high. For example, 
the line-to-line fault current values close to a low-impedance 
transformer could exceed 22.000 amperes. At the secondary 
of a single-phase, center-tapped transformer, the line-to-neu- 
tral fault current is approximately one and one-half times 

thatof theline-toTine fault current. The short-circuit current 
rating of utilization equipment located and connected near 
theserviceequipment should be known. Forexample. HVAC 
equipmenl is tested at 3500 amperes through a 40-ampere 

rating and at 5000 amperes for loads rated more than 
40 amperes, 

-   -Adequate short-circuit protection can be provided by 

National f/,. 

fuses, molded-case circuit breakers, and low-voltage power 
circuit breakers, depending on specific circuit and installa- 
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 lo 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. I: 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- 

Equipment identified only as "dry locations." "Type 
I." or *'indoor use only"" shall be protected against perma- 
nent damage from the weather during building construction. 

110.12 Mechanical Execution of Work 

Electrical equipment 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 Worhnan- 
ship in Electrical Contracting, and other ANSI-approved 
installation standards. 

The regulation in 110.12 calling for "neat and workmanlike" 
installations has appeared in the NEC as currently worded 
for more than a half-century. It stands as a basis for pride 
in one's work and has been emphasized by |Jersons involved 
in the training of apprentice electricians for many years. 

Many CV«/('conflicts or violations have been cited by the 
authority having jurisdiction based on the authority's interpre- 
taiion of "neat and workmanlike manner." Many electrical 
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 "neai 
and workmanlike" include exposed runs of cables or race- 
ways that are improperly supported (e.g.. sagging between 
supports or use of improper support methods): field-beni and 
kinked, flattened, or poorly measured raceways: or cabinets, 
eulout boxes, and enclosures that are not plumb or not prop- 
erly secured. 

The FPN. new for the 2(105 Code, directs the user to 
an industry accepted ANSI standard that clearly describes 
and illtistrates "neat and workmanlike" electrical installa- 
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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110.14 

AmeTii DD  N a t i o a o I  Standard 

NECA I-2000 

taudarcl pmclkcs 

Good Workmanship 
in Electrical Contracting 

•uuuuft&Ba cton) Association   *»tl#*l 

Exhibit 110.2 Exhibit 110.2. ANSt/NECA 1-2000. Standard 
Practice tor Good Workmanship in Electrical Contracting, one 
example of the many ANSI standards that describe "neat and 
workmanlike" 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 {VA in.) from the outer surface of the 
enclosure. 

The phrase unused cable nr raceway openings clarifies lhai 
openings used for normal operation, such as weep holes, are 
not required to be closed up. 

See 408.7  for requirements on  unused openings in 
switchboard and pantrlboard 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 electrical equipment, including busbars. 
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wiring terminals, insulators, and other surfaces, shall Tiot be 
damaged or contaminated by foreign materials such as paint, 
plaster, cleaners, abrasives, or corrosive residues. There shall 
be no damaged parts 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 driven 
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, clearance between lop 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 

Vcntilarcdh defined in Article 100. Panelboards. transform- 
ers, and other types of equipment are adversely affected if 
enclosure surfaces normally exposed to room air are covered 
or tightly enclosed. Ventilating openings in equipment arc 
provided to allow the circulation of room air around internal 
components of the equipment; the blocking of such openings 
can cause dangerous overheating. For example, u ventilated 
busway must be located where there are no walls or other 
objects that might interfere with the natural circulation of 
air and convection principles for cooling. Ventilation for 
motor locations is covered in 430.141 A) and 430.16. Ventila- 
tion for transformer locations is covered in 430.9 and 450.45. 
In addition to 110.13. proper placement of equipment requir- 
ing ventilation becomes enforceable using the requirements 
oM 10.31 B). 

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 shall 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 will not 
adversely affect the conductoni, installation, or equipment. 

FPN: Many lerminalions and equipment are marked with 
a tightening torque. 

Section 11().3(B) applies where lerminalions and equipmenl 

are marked with lightening torques, 
For the testing of wire connectors for which the manu- 

facturer has not assigned another value uppropriale for the 
design. Commemary Tables 1.2 through 1.5 provide dala on 
Ihe lightening lorques thai Underwriters Laboratories uses. 
These"tables should be used for guidance only it no light- 
ening intormalinn on a specific wire connector is available. 
They should not be used to replace the manufacturers in- 
structions, which should always be followed. 

The information in the tables was taken from UL 486H. 
Wire Connexions for Use with Ahiminum Conductors. Simi- 
lar information can he found in UL 486A, Wire Omneclums 
md Solder Lugs for Use mill Cower Conduclors. 

(A) Terminals Connection of conductors to terminal parts 
shall ensure a thoroughly good connection without damaging 
the conductors and shall be made by means of pressure 
connectors (including set-screw type), solder lugs, or splices 
to flexible leads. Connection by meansof wire-binding screws 
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 with 
splicing devices identified for the use or by brazing, welding, 

Commentary TabiB 1.2 Tightening Torques tor Screws/ in Pound-Inches 

Slotted Head No, 10 and Larger 
Hexagonal Head-External Drive Socket 

Wrench 

Wire Size 
(AWG or kemil) 

Slot Width to 3/64 in, or Slot 
Length to 'A in.t 

Slot Width Over %4 in. or Slot 
Length Over '/< in.t Split-Boll Connectors Olher Connectors 

30-10 

3 
2 
1 

1/0 
2/0 
3/0 
4/0 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1000 
1250 
1500 
1750 
2000 

20 
25 
35 
35 
35 
40 

35 
40 
46 
45 
50 
50 
50 

50 
50 
50 
50 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

165 
165 
275 
275 
275 

385 
385 
500 
500 

650 
650 
650 
825 
825 

1000 
1000 
1000 
1100 
1100 

1100 
1100 
1100 
1100 
1100 

75 
75 
110 
110 
150 
150 
150 

180 
180 
250 
250 

325 
325 
325 
325 
375 

375 
375 
375 
500 
500 

500 
600 
600 
600 
600 

•Camping scews wilh mul.iple Ughlening means, Fo, example, lor a sloued ^agona, head sc.ew. use ,he luique 
value asseciated with the Idol used in Ihe inslallalion, UL uses bolU values «"h^ '« 'n9 .     associa]i.d „;,„ ppnduco, size, 
IFo, values pi sldl «ldlti dr length other lhan Ihose speclied. selecl the largest lorque value assocaled m 
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Commentary Table 1.3 Torques in Pound-Inches for Stotied 
Head Screws* Smaller Than No. 10, for Use with 8 AWG and 
Smaller Conductors 

Screw-Slot Length Screw-Slot Widlh Screw-Slot Width 

(in.)t Less Than %4 in. •/win and Larger 

Jo%i 7 9 
*» 7 12 
y„ 7 12 
^ 7 12 
'A 9 12 
% — 15 

Above % — 20 

'Clamping screws wilh multiple tightening means. For example, lor a 
slotted hexagonal head screw, use the torque value associated with ihi 
tool used in the inslallation. UL uses both vatues when testing. 
[Foi slot lengths ot imermediaie values, select torques pertaining to 
next-shorter slot length. 

Commentary Table 1.4 Torques tor Recessed 
Allen Head Screws 

Socket Size Across Flats (in.) Torque (Ib-in.) 

45 
100 
120 
150 
200 
275 
375 
500 
500 

Commentary Table 1.5 Lug-Bolting Torques for Connection of 
Wire Connectors to Busbars 

Boll Diameter Tightening Torque (Ib-ft) 

No. 8 or smaller 
No. 10 

lA in, or less 
y.6 in. 
Vain. 

9/i6 in. or larger 

1.5 
2 
6 

11 
19 
30 
40 
55 

or soldering wilh 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. All 
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. 

Wire connectors or splicing means installed on conduc- 
lors for direct burial shall be listed for such use. 

Field observations ami irade magazine articles indicate that 

electrical connection failures have been determined to be 

the cause of many equipment burnouts and fires. Many ol 

these failures are attribuiahle to improper terminations, poor 

workmanship, the dilTering characteristics of dissimilar met- 

als, and improper binding screws or splicing devices. 

UL's requircnienls for listing solid aluminum conductors 

in 12 AWG and 10 AWG and for listing snap switches and 

receptacles lor use on 15- and 2U-aiiipere branch circuits 

incorporate stringent tests that take into account the factors 

listed in the preceding,paragraph. For further information 

regarding receptacles and switches using CO/ALR-ruled ter- 

minals, refer to 404.14(0 and 406.2(C). 

Screwlcss pressure teniiiiial connectors of the conductor 

push-in type are for use with solid copper and copper-clad 

aliiiniiuim conductors only. 

Instructions that describe proper installation techniques 

and emphasize the need lu follow those techniques and prac- 

tice good workmanship arc- required to be included- with 

each coil of 12 AWG and 10 AWG insulated aluininuin wire 

or cable. Sec also the cummentary on lightening torque that 

follows 110.14. FPN. 

New product and material designs that provide increased 

levels of safely of aluminum wire terminations have been 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 15- and 20- 

ampere branch circuits, the following information is pre- 

sented. Understanding and using this information is essential 

lor proper application of materials and devices now available. 

For New Installations 

The following commentary is based on a report prepared 

by the Ad Hoc Committee on Aluminum Terminations prior 

to publication of the 1975 O'de. This in formation is still 

pertinent today and is necessary for compliance with 

110.I4(A| when aluininuin wire is used in new installations. 

New Materials and Devices. For direct connection, only 

15- and 20-ampere receptacles and switches marked "CO/ 

ALR" and connected as follows under Installation Method 

should be used. 

The "CO/AI.R" marking is on the device mounting 

yoke or strap. The "COMLR" marking means the devices 

have been tested to stringent heat-cycling requirements to 

determine their suitability for use with UL-labeled alumi- 

num, copper, or copper-clad aluminum wire. 

Listed solid alutninum wire. 12 AWG or 10 AWG. 

marked with the aluminum insulated wire label should be 

used. The installation instructions that are packaged with 

ihc wire should be used. 

Installation Method. Exhibit 110.3 illustrates the following; 

correct method of connection: 

|. The freshly stripped end of the wire is wrapped two- 

thirds to three-quarters 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 

lightening will tend to wrap the wire around the post 

rather than unwrap it. 
2. The screw is tightened until the wire is snugly in contact 

wilh the underside of the screw head and with the contact 

plate on the wiring device, as shown in StepB of Exhibit 

110.3. 
3. The screw is tightened an additional half-turn, thereby 

providing a firm connection, as shown in Step C of Ex- 

hibit 110,3. If a torque screwdriver is used, the screw is 

lightened to 12 Ib-in. 

- Wire wrapped two-thirds around 

- Wire wrapped three-quarlers around 

Step A: Strip Insulation and Wrap Wire 

-GS^ 
Snug contact 

Contact plate on wiring 
device marked "CO/ALR 

Screw post 

Step B: Tighten Screw to Full Contact 

Screw tightened an additional half-turn, or to 12 Ib-in. 

nr.i  , .r ui~rT-*—• Wire firmly In contact 

Step C: Complete installation 

Exhibit 110.3 Correct method of terminating aluminum wire at 
wire-binding screw terminals of receptacles and snap switches. 
(Redrawn courtesy of Underwriters Laboratories Inc.) 

4. The wires should be positioned behind the wiring device 

to decrease the likelihood ofthe terminal screws loosen- 

ing when the device is positioned into the outlet box. 

Exhibit  II0-4 illustrates incorrect methods of connec- 

tion. These methods should mn be used. 

Existing inventory. Labeled  12 AWG or l() AWG solid 

aluminum wire that does not bear the new aluminum wire 

Less than 
two-thirds 

Incorrect Tightening Torque 

, Exhibit 110.4 Incorrect methods of terminating aluminum wire 
al wire-binding screw terminals ol receptacles and snap switches. 
(Redrawn courtesy of Underwriters Laboratories Inc.) 

label should be used with wiring devices marked "CO/ALR" 

and connected as described under Inslallation Method. This 

is ihe preferred and recommended method for using such 

For the following lypcs of devices, the terminals should 

not be directly connected to aluminum conductors but may 

be used with labeled copper or copper-clad conductors: 

1. Receptacles and snap switches marked "AL-CU" 

2. Receptacles and snap switches  having  no conductor 

3. Receptacles and snap switches that have back-wired 

terminals or screwtess terminals of the push-in type 

For Existing Installations 

If examination discloses overheating or loose connections. 

Ihe recommendations described under Existing Inventory 

should he followed. 

Twist-On Wire Connectors 

Because 110.14(B) requires conductors to be spliced with 

•splicing devices identified for the use." wire connectors 

are required to be marked fur conductor suitability. Twist- 

on wire connectors are not suitable for splicing aluminum 

conductors or copper-clad aluminum to copper conductors 

unless it is so slated and marked as such on the shipping 

canon. The marking is typically "AL-CU (dry locations)." 
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Presenlly. one style of wire nut and one style of crimp-type 
connector have been listed as having met these requirements. 

On February 2. IVl>5. Underwriters Labordtories an- 
nounced the listing ol" a twist-on wire connector suitable 
tor use with aluininum-to-cnppcr conduciors. in accordance 
with UL 486C. Splicing Wire Omneciors. That was the first 
listing of a twist-on type connector tor aluminum-to-copper 
conductors since 1987. The UL listing does not cover atumi- 
iium-to-aluminum combinations. However, more than one 
aluminum or copper conductor is allowed when used in 
combination. 

These listed wire-connecting devices are available for 
pigtailing short lengths of copper conduciors to the original 
aluminum branch-circuit conductors, as shown in Exhibit 
110.5. Primarily, these pigtailed conductors supply 15- and 
20-aniperc wiring devices. Pigtailing is permitted, provided 
there is suitable space within the enclosure. 

N.   Crimp splicing 
/ device 

— Twisl-on wire 
connector 

(^S 
Before     ^^ Insulating shrlnl 

Copper <- 

if gS^     Aluminum 

B                Aluminum 

Ksikfet & 
After 

^WmS?' 
Copper "T^ 

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 so as not to exceed the lowest temperature 
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)(!j(b). 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(8X6). 

(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 600C (l40oF). 
(2) Conductors with higher temperature ratings, provided 

the ampacity of such conductors is determined based 
on the 60oC (I400F) ampacity of the conductor size 

(3) Conductors with higher temperature ratings if the equip- 
ment is listed and identified for use with such conduc- 

(4) For motors marked with design letters B. C. or D. con- 
ductors having an insulation rating of 750C (1670F) 
or higher shall be permitted to be used, provided the 
ampacity of such conduciors does not exceed the iyc 
(1670F) ampacity. 

(b) Termination provisions of equipment for circuits 
rated over 100 amperes, or marked for conductors larger 
than I AWG, shall be used only for one of the following: 

(1) Conductors rated 750C (1670F) 
(2) Conductors with higher temperature ratings, provided 

the ampacity of such conductors does not exceed the 
750C (I670F) 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 (o 110.14(C)(1) and (C)(2). equip- 
ment markings or listing information may additionally 
reslricl the sizing and lemperature ratings of connected 
conductors. 

Section I l().14(Ci( 1) states that where conductors are termi- 
nated in equipment, the selected conductor ampacities must 
be based on Table 310.16. unless the equipment is specifi- 
cally listed and marked otherwise. The intent of this require- 
ment is to clarify which ampacities arc used to determine 
the proper conductor size at equipment terminations, 

When equipment of 600 volts or less is evaluated rela- 
tive to the appropriate temperature characteristics of the 
tenninatlnns. conduciors sized according to Table 310.16 arc 
required to be used. The UL General /nfonmuion Ditvctory 
(White Book, page 3) clearly indicates that the 60oC and 
750C provisions for equipment have been determined using 
conductors from Table 310.16. However, installers or design- 
ers unaware ofthe UL guide card information might attempt 
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to select conduciors based on a table other than Table 310.16. 
especially if a wiring method that allows the use of ampaci- 
ties such as those in Table 310.17 is used. That use can 
result in overheated terminations at (he equipment. Clearly, 
the ampacities shown in other tables (such as Table 310.17) 
could be used for various conditions to which the wiring 
method is subject (ambient, ampacity correction, etc.). bui 
the conductor size at the termination must be based on am- 
pacities from Table 310.16. This change does not introduce 
any new impact on the equipment or the wiring methods; 
it simply adds a rule from the listing information into the 
Cotle because it is an installation and equipment selection 

Section U0.I4(C)( 1 )(a) requires thai conductor termi- 
nations, as well as conductors, be rated for the operating 
temperature of the circuit. For example, the load on an S 
AWG THHN. 90oC copper wire is limiied to 40 amperes 
where connected to a disconnect switch with terminals rated 
at 6()0C. The same 8 AWG THHN. WC wire is limited to 
50 amperes where connected to a fusible switch with termi- 
nals rated at 750C. The conductor ampaciiics were selected 
from Table 310.16. Not only does this requirement apply to 
conductor terminations of breakers and fusibte switches, 
but the equipment enclosure must also permit terminations 
above 6()0C. Exhibit 110.6 shows an example of termination 
temperature markings. 

TYPEQ02P0LEp 
www om war 

AL/CU 2-8 
TORQUE 45 LB.|H_ 

(UUciRCurr (|& 
,^-^BREAKER 

WJ-4629 

Exhibit 110.6 An example of termination temperature markings 
on 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 common on a 240/i20-volt 3-pha.se. 4-wire 
delta system. It is typically designated as "B phase." The 
high-leg marking, which is required to be the color orange 
or other similar effective means, is intended to prevent prob- 
lems due to the lack of complete standardization where 
metered and nonmetercd 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 located in the system. The requirement 
in 110.15 previously appeared in 384-3(e) of the \9&i NEC. 
It was moved to Article IK) in 2002. when the application 
became a more general requirement. For the 2005 Onle. 
110.15 was editorially modified for clarity. 

110.16 Flash Protection 

Switchboards, panelboards, industrial control panels, meter 
socket enclosures, and motor control 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 electrical arc (lash 
hazards is now required because significant numbers of elec- 
tricians have been seriously burned or killed by accidental 
electrical arc flash while working on "hoi" (energized) 
equipment. Most of those accidents could have been pre- 
vented or their severity significantly reduced if electricians 
had been wearing the proper type of protective clothing. 
Requiring switchboards, panelboards. and motor control cen- 
ters to be individually field marked with proper warning 
labels will raise the level nf awareness of electrical arc flash 
hazards and ihereby decrease the number of accidents. 

Exhibit 110.7 shows an electrical employee working 
inside the flash protection boundary and in front of a large- 
capacity service-type switchboard that has not been de-ener- 
gized and that is not under the lockout/tagout prttcedure. 
The worker is wearing personal protective equipment (PRE) 
considered appropriate flash protection clothing for (he flash 
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Exhibit 110.7 Electrical worker clothed in personal protective 
equipment (PPE) appropriate tor the hazard involved. 

hu/ard involved. Suitable PPE uppmpriatc to a particular 
hazard is described in NI7PA 70U. Slinnlunl for Elect rival 

Safety in the Wftrkplace. 
Exhibit 110.8 displays one example of a warnin" sign 

required hy I It). 16. 

Potential Arc Flash Hazard 
Appropriate PPE and Tools Required 

when working on this equipment 

Exhibil 110.8 One example ot an arc flash warning sign required 

by 110.16. 

Accident reports continue to confirm the tad that work- 
ers responsible for the installaiion or maintenance of electri- 
cal equipment often do not turn oil 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 ibis additional code requirement is to 
alert electrical contniclors. electricians, facility owners and 
managers, and other interested panics to some of the hazards 
of working on or near energized equipment and to emphasize 
the importance of turning off the power before working on 

electrical circuits. 
The information in fine print notes is nut mandatory. 

(Employers can be assured that they are providing a safe 
workplace for their employees if safety-related work prac- 

tices required by NFPA 70B have been implemented and 
are being followed. (See also the commentary following the 
definition of quaUfied person in Article I00.» 

In addition to the standards referenced in the fine print 
notes and their individual bibliographies, additional informa- 
tion on this subject can be found in the 1997 report "Hazards 
of Working Electrical Equipment Hot." published by the 
National Electrical Manufacturers Association. 

FPN No. I: NFPA 70E-20W. Standanl for Electrical 
Safety in the Workplace, provides assistance in determin- 
ing severity of potential exposure, planning safe work 
practices, and selecting personal protective equipment. 
FPN No. 2: ANSI Z535.4-I998. Pnxlua Safety Signs 
ami Labels, provides guidelines (or the design of safety 
signs and labels for application to products. 

110.18 Arcing Parts 

Parts of electric equipment 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 starling switch, open motors with commutators, 
and collector rings. Adequate separation from combustible 
material is essential if open motors with those features are 

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 to 
any system that contains trolley 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 
marking 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 to 
withstand the environment involved. 

The Code requires that equipment ratings be marked on the 
equipment and thai such markings be located so as to be 
visible or easily accessible during or after installation. 

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 manufacturer, the equipment 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 stale 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. Eor example, the 
marking should indicate not simply "motor" but rather 
"motor, water pump"; not simply "lights" but rather 
"lights, front lobby." Consideration also should be given to 
the form of identification. Marking often fades or is covered 
by paint after installation. See 408.4 and its associated com- 
mentary for further information on circuit directories for 
switchboards and panelboards. Sec 408,4 and its associated 
commentary for further information on circuit directories 
for switchboards and panelboards. 

The second paragraph of 110.22 requires series-rated 
overeurreni devices to he legibly marked. The equipment 
manufacturer can murk the equipment to be used with series 
combination ratings. If the equipment is installed in the field 
at its marked series combination rating, the equipment must 
have an additional label, as specified in 110.22. to 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 to a load or for unused current 
transformers has been placed in 110.23. 

11. 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. 

Key to understanding 110.26 is the division of requirements 
for spaces about electrical equipment in two separate and 
distinct categories: working space and dedicated equipment 
space. The term working space generally applies to the pro- 
tection of the worker, -MVS dedicated equipment sjMce appWes 
to 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 
spaces about electrical equipment are set forth in the first 
sentence. Storage of materials that blocks access or prevents 
safe work practices must be avoided at all limes. 

(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 
I I0.26(A)( l). (A)(2), and (A)(3) or as required or permitted 
elsewhere in this Code. 

The intent of IK).2f>(A) is to provide enough 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. It is important to under- 
stand that the word extimiiuitUm. as used in IIU.2fi(A). 
includes such tasks as checking tor the presence of voltage 
using a portable vohmeter. 

Minimum working clearances are not required if the 
equipment is such that ii 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. 

(I) Depth of Working Space The depth of the working 
space in the direction of live parts shall not be less than that 
specified in Table 110.26(A)(1) unless the requirements of 
110.26(A)(1)(a). (A)(1)(b), or (A)(1)(c) are met. Distances 
shall be measured from (he 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 I and 2 was edited for clarity and enforceabitity. Also, 
the Condition 2 metric clearance for 151 to 600 volts was 
revised from 1 m to 1.1 m to reflect an accurate metric 
conversion. 

Included in these clearance requirements is the step- 
hack distance from the face of the equipment. Table 
II0.26(A|(1) provides requirements for clearances away 
from the equipment, based on the circuit voltage to ground 
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Table 110.26(A)(1) Working Spaces 

Nominal Voltage 
to Ground Condition 1      Condition 2     Condition 3 

0-150 
151-600 

900 mm (3 ft)   900 mm (3 ft)   900 mm (3 ft) 
900 mm (3 ft)    l.lm(3Vift)      1.2 m (4 ft) 

Note: Where (he conditions nrc as follows: 
Condition 1 — Exposed live pans on one side of the working space 
and no live or grounded pans on the other side of the working space, 
or exposed live parts on both sides of the woiting 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. 

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: 0 to 150, 
inclusive, and 151 lo 600, inclusive. Examples of common 
electrical supply systems covered in the 0 to 150 volts to 
ground group include 120/240-volt, single-phase, 3-wire and 
208Y/l20-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 comer grounded). Remember, where an un- 
grounded system 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 system 
is 480 volts. See Exhibit 110:9 for the general working 
clearance requirements for each of the three conditions listed 
in Table 110.26(A)(1).-.•:• •• '       •: 

(a) Dead-Fronl Assemblies. Working space shall not be 
required in the back or sides of assemblies, 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- 

The intent of this section is to point out 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 

Elfectivoly Insulated 

Exposed 
live parts 

i-----"--'---- 

switchboai^i 

nominal, 

IS 
Condition 1 

(3 ft min. for 151-600 V), 

Grounded parts, concrete, etc. 

Condition 2 
(Space Woufd Increase ID 3Vi ft far 151-600 V) 

Condition 3 
(Space Would Increase to 4 ft for 151-600 V) 

Exhibit 110.9 Distances measured Irom the live parts if the live , 
parts are exposed or from the enclosure front if the live parts are • 
enclosed: It any assemblies, such as switchboards or motor- I 
control centers, are accessible from the back and expose live 
parts, the working clearance dimensions would be required at ; 
the rear of the equipment, as illustrated. Note that for Condition \ 
3. where there is an enclosure on opposite sides of the working '; 
space, the clearance for only one working space is required.     < 

requires rear access for nonelectrical activity, however, 
reduced working space of at least 30 in. must be provided. : 

Exhibit IIO.IO shows a reduced working space of 30 in.,at 
the rear of equipment 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. 

(c)" Existing Buildings. In existing buildings where elec- 
trical equipment is being replaced. Condition 2 woridng 
clearance shall be permitted between dead-front switch- 
boards, paneiboards, or motor control centers located across 
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llExhibit 110.10 Example of the 30 in. minimum working space 
lalltfiesrear of equipment to allow work on nonelectrical parts, 
Isucwas the replacement of an air filter. 

&? ;-\ 

.theiaisle from each other where conditions of maintenance 
mid.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 
iu-efauthorized will service the installation, 
it W&' IJIUH: section' permits some relief for installations that are 
Jemg-upgraded. When assemblies such as dead-front switch- 
jo^si paneiboards,1 or. motor-control centers are replaced 
^wxisting,building, the working clearance allowed is that 
eouired by Table 110.26(A)(1), Condition 2. The reduction 
mnpa Condition '3 to a Condition 2 clearance; is allowed 
mRlwherc a-written procedure prohibits facing doors of 
jflim|ment from being open at the same time and where only 
tuthdrized and qualified persons service the installation. 
jXhibit J Ip.11 illustrates this relief, for existing buildings.' 

I (2) Width of Working Space The width of the working 
y space in front of the electric equipment shall be the width 
| of the equipment or 750 mm (30 in.), whichever is greater. 
| In all cases, the work space shall permit at least a 90 degree 
j opening of equipment doors or hinged panels. 

gte• ••".i 
Regardless of the width of the electrical equipment, the 
forking space cannot be less than 30 in. wide. This space 
jdlbws an individual to have at least shoulder-width space 
uSfront of the equipment. The 30 in. measurement can be 
gade from either (he left or the right edge of the equipment 
ipd.can overlap other electrical equipment, provided the 
|ther equipment does not extend beyond the clearance rc- 
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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). Ifthe 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 explanation of the 
30 in. width requirement. - , • 

Minimum headroom of 6Vfc ft 

Exhibit 110.12 The 30 in. wide front working space, which is 
not required to be directly centered on the electrical equipment 
if'space is sufficient for safe operation and maintenance of such 
equipment.1.' '     .     .   • , 

Sufficient depth in the working:space,also.must be 
provided 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 ft 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 Illustration of requirement that working space 
must be sufficient to allow a full 90 degree opening of equipment 
doors in order to ensure a safe working approach. 

of this section, other equipment that is associated 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 requiring a working space lo be clear from 
the floor to a height of 61/2 ft or to the height of the 
equipment, whichever is greater, 110.2fi(A)(3) permits elec- 
trical equipment located above or below other electrical 
equipment to extend into the working space not more than 
fi 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 lo prohibit large differences in depth of 
equipment below or above other equipment that specifically 
requires working space. In order lo minimize the amount of 
space required for electrical equipment, it was not uncom- 
mon to find installaiions 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 110.13. 

(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 

4S 

space, if in a passageway or general open space,'sfiall be 
suitably guarded. 

Section 110.26(B). as well 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 panelboards are removed for servicing or other 
work, access to the area around the panelboard should be 
guarded or limited 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'/^ ft) high at each end of the working space. Where 
the entrance has a personnel door(s). the doorfs) 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 permitting a single entrance can be applied to 
that space. For equipment of this type, it is not unusual that 
the provision 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 safely for workers exposed lo 
energized conductors by allowing an injured worker lo safely 
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[ and quickly exit an electrical room without having to turn 
[ knobs or pull doors open, 

btr  For a graphical explanation of access and entrance re- 
quirements to a working space, see Exhibits 110.14 and 
.110.15. Notice the unacceptable and hazardous situation 
shown in Exhibit 110.16. 

Access panels 

y                      \ 

-i    •" :rJ 

€ 
S             Oectrlc            N^ 

,• equipmeril 

\ "^t^^Jt^ 
Working space  ' 

T^    j; least ore 
entrance 
required 

\'  Working 

Exhibit 110.14 Basic Rule, first paragraph. At least one entrance 
is required to provide access to Ihe working space around electri- 
cal, equipment [110.26(0(1)]. The lower installation would not be 
acceptable for a switchboard rated 1200 amperes or more. 

- Entrances at each end at least 
2d in. wide and 6'^ ft high 

| Exhibit 110.15 Basic Rule, second paragraph. For equipment 
' fated 1200 amperes or more, one entrance not less than 24 in. 
j wide and 61,6 ft high is required at each end (110.26(C)(2)). 
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Exhibit 110.16 Unacceptable arrangement of a large switch- 
board. A person could be trapped behind arcing electrical equip- 

(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 
ll0.26(C)(2){b). see Exhibits 110:17 and 110.18. 

(D) Illumination Illumination shall be provided for all 
working spaces about service equipment, switchboards, pan- 
elboards, 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 2I0.70(A){1). Exception No. 1, for switched recepta- 
cles. In electrical equipment rooms, the illumination shall 
not be controlled by automatic means only. 

(E) Headroom The minimum headroom of working spaces 
about service equipment, switchboards, panelboards, or 
motor control centers shall be 2,0 m (61/; ft). 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 
panelboards that do not exceed 200 amperes shall be per- 
mitted in spaces where the headroom is less than 2.0 m 
mft). 
(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 location that allows a continuous and 
unobstructed way ol exit travel. 

X= minimum allowable distance 

Exhibit 110.18 Working space with one entrance. Only one en- 
.trance is required il the working space required by 110.26(A) is 
doubled. See Table 110.26(A)(1) lor permitted dimensions of X. 

Exception: Control equipment that by its very nature or 
because of other rules of the Code must be adjacent to 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 equal 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 paneb shall 
be permitted within the I.S-m (6-ft) zone. 

SO 

(b) Foreign Systems. The area above the dedicated 
space required by 110.26(F)(1)(a) shall be permilted to con- 
tain foreign systems, provided protection is installed to avoid 
damage to the electrical equipment from condensation, leaks, 
or breaks in such foreign systems. 

(c) Sprinkler Protection. Sprinkler protection shall be 
permitted for the dedicated space where the piping complies 

with this section. 
(d) Suspended Ceilings. A dropped, suspended, or simi- 

lar ceiling that does not add strength to the building structure 
shall nol be considered a slructutal ceiling. 

The dedicated electrical space includes the space defined by ' 
extending the footprint of the switchboard or panelboard ; 
from the floor to a height of 6 ft above the height of the i 
equipment or to the structural ceiling, whichever is lower, i 
This reserved space permits busways, conduits, raceways, I 
and cables to enter the equipment. The dedicated electrical j 
space must be clear of piping, ducts, leak protection appara- • 
tus, or equipment foreign to the electrical installation. 
Plumbing, healing, ventilation, and^ir-conditioning piping, 
ducts, and equipment must be installed outside the width 

and depth zone. ' '.    "' ••'•'' 
Foreign systemsinstalled directly above the dedicated 

space reserved for electrical equipment must include protec- 
tive equipment that ensures that occurrences such as leaks, 
condensation, and even breaks do not damage the electrical 
equipment located below..    ". '.' . 

Sprinkler protection is permitted for the dedicated 
spaces as long as the sprinkler or other suppression system 
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 are 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 relating to the 
protection o^ electrical equipment., 

Exhibits 110.19, 110.20, and 110.21 illustrate the two 
distinct indoor installation spaces required by 110.26(A) 
and 110.26(F), that is, the working space and the dedicated, 

electrical space. , 
In Exhibit 110.19, the dedicated electrical space required 

by 110.26(F) is the space outlined by the-widlh and the, 
depth of the equipment (the footprint) and extending from 
the floor to 6 ft above the equipment or to the structural 
ceiling (whichever is lower). The dedicated 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 
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•Exhibit 110.19 The two distinct indoor installation spaces re- 
Kwred by 110.26(A) and 110.26(F): the working space and the 
KjMicated electrical space. .. 

KKjee without actually entering either space. Also note that 
ftfi^rexhaust'duct is not located in or "directly'above the 
Kwlicated electrical space. Although not specifically required 
•tolDe located here, this duct location may be a cost-effective 
ralulion that avoids the substantial physical protection're- 
^Rments of 110.26(F)(1)(b). •..••. 

Exhibit 110.20 illustrates.the working space required in 
front of the panelboard by 110.26(A). No equipment, 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- 
lar 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 protection 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 into the ground for the placement 
of fencing, vehicle stops, 'or bollards should be;done only 
after a thorough investigation of the belowgrade wiring. 

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: 

•Exhibll 110.20 The working 
MspjLce in Iron! ol a panelboard 
ESiLJirjd by 110.26(A). This il- 
Mustration supplements the 
Egjcated electrical space 
KTOm in Exhibit 110.19.  , 

t*-30in.min.-7>[L 
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Exhibit 110.21 The dedicated 
electrical space above and 
below a panetboard required 
by 110.26(F)(1). 

r 
Structural' 
ceiling 

Suspended7   permitted- 
ceiling 

(1) By location in a room, vault, or similar enclosure that 
is accessible only to qualified persons. 

(2) By suitable permanent, substantial partitions or screens 
arranged so thai 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- 

(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 
to 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 still have slots or spaces 
through which the moving contacts can operate. The Cnde 
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. 

m 

5^(1 

(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 

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 lo prevent the likelihood of contaci 
by persons or objects. See the definitions of dead from and 
isolated (as applied to location) in Article 100. 

111. Over 600 Volts, Nominal 

110.30 General 
Conductors and equipment used on circuits over 600 volts, 
nominal, shall comply with Part 1 of this article and with 
the following sections, which supplement or modify Part I. 
in no case shall the provisions of this pan apply to equipment 
on the supply side of the service point. 

See "Over 600 volts" in the index to this Handbook for 
articles, parts, and sections thai 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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by ANSI C2. National Electrical Safety Code, published by 
the Institute of Electrical and Electronics Engineers (IEEE). 

11031 Enclosure for Electrical Installations 

Electrical installations in a vault, room, or closet or in an 
area surrounded by a wall, screen, or fence, access to 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 equipment 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 110.31 Minimum Distance from Fence to Live Parts 

Minimum 
Distance to 
Live Parts 

Nominal Voltage 

601 - 13.799 
13.800-230.000 
Over 230.000 

3.05 
4.57 
5.49 

10 
15 
18 

Note: For clearances of conductors for specific system voltages and 
typical B1L ratiogs, see ANSI C2-2002, National Electrical Safety 

FPN: See Article 450 for construction requiremcnis 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 
of vaults in contact with the earth shall be of concrete that 
is not less than 4 in. (102 mm) thick, but where the vault 
is constructed with a vacant space or other stories 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 
not be considered acceptable. 

(B) Indoor Installations 

U) In Places Accessible to Unqualified Persons Indoor 
electrical installations that are accessible to unqualified per- 
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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 equipment shall be designed so that foreign objects 
inserted through these openings are deflected from energized 

(2) In Places Accessible to Qualified Persons Only 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) In Places Accessible to Unqualified Persons Outdoor 
electrical installations that are open to unqualified persons 
shall comply with Parts I, II, and HI of Article 225. 

FPN: For clearances of conductors for system voltages 
over 600 volts, nominal, sec ANSI C2-2002. National 
Electrical Safety Code. 

(2) In Places Accessible to Qualified Persons Only Out- 
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 Equipment Accessible 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 
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 locked. 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 lb) shall be consid- 
ered as meeting this requirement. 

11032 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 to 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 doorts) 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 one entrance 
at each end of the equipment. A single entrance to the 
required working space shall be permitted where either of 
the conditions in n0.33(A)(l)(a) or (A)(lXb) 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 Table 110.34(A) for equipment operating at that voltage 
and in that condition. 

(2) Guarding Where bare energized parts at any voltage 
or insulated energized parts 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 1 t0.26(C). For further information, see the commen- 
tary following 110.26(C)(2), most of which also is valid for 
over-600-volt installations. 

(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. 

11034 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 net be required in back 
of equipment such as dead-front switchboards or control 

Table 110.34(A) Minimum Depth of Clear Working Space at 
Electrical Equipment 

Minimum Clear Distance 
Nominal Voltage ~ 

to Ground Condition 1      Condition 2     Condition 3 

601-2500 V 900 mm (3 ft) 1.2 m (4 ft) 1.5 m (5 ft) 
2501-9000 V * 1.2 m (4 ft) 1.5 m (5 ft) 1.8 m (6 ft) 
9001-25,000 V        1.5 m (5 ft) 1.8 m (6 ft) 2.8 m (9 ft) 
25,001V-75 kV        1.8 m (6 ft) 2.5 m (8 ft) 3.0 m (10 ft) 
Above 75 kV 2.5 m (8 ft) 3.0 m (10 ft) 3.7 m (12 ft) 
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Note: Where the conditions are as follows; 
Condition 1 — Exposed live parts on one side of the working space 
and no live or grounded pans on the other side of the working space, 
or exposed live parts on both sides of the working space that arc 
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 hack. 
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 
switches, cutouts, or other equipment 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- 
crating 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 aiui serving only equipment within 
the high-voltage vault, mom, or enclosure shall 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 arc 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 conductors is re- 
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quired to be located in a locked room or in an enclosure. 
The provisions for locking are not required if the room or 
enclosure is under observation at all times, as is the case 

twith some engine rooms. 

(D) Dhimination 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 control 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 less than required by Table 110.34(E). 

Ifcble liOJ4(E) Elevation of Unguarded Live Parts Above 
Working Space 

Nominal Voltage 
Between Phases 

Elevation 

ft 

601-7500 V 2.8 9 
7501-35,000 V 2.9 9Vi 
Over 35 kV 2.9 m + 9.5 mm/kV VA ft + 0.37 inAV 

above 35 above 35 

(F) Protection of Service Equipment, Metal-Enclosed 
Power Switchgear, and Industrial Control Assemblies 
Pipes 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 
foreign if provided for fire protection of the electrical instal- 

11036 Circuit Conductors 

Circuit 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 M V 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 
attachments, where used as supports for wires, single-con- 
ductor cables, or busbars, shall be capable of safely with- 
standing the maximum magnetic forces that would prevail 
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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 lead 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 electrolysis of the sheath. 

110.40 Temperature Lunitations 
at Terminations 

Conductors shall be permitted to be terminated based on the 
90oC (1940F) temperature rating and ampacity as given in 
Tables 310.67 through 310.86, unless otherwise identified. 

IV. Ibnnel 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 
utilization equipment 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 
so placed or guarded to protect them from physical damage. 

11032 Overcurrent Protection 

Motor-operated equipment shall be protected from overcur- 
rent in accordance with Parts 111. FV, 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, TVpe MC cable, or other 
approved multi conductor cable. Multiconductor portable 
cable shall be permitted to supply mobile equipment. 

11034 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 Conductors An equipment 
grounding conductor shall be run with circuit conductors 
inside the metal raceway or inside the muhiconductor 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 front physical damage by location or guarding. 

110.56 Energized Parts 

Bare terminals of transformers, switches, motor controllers, 
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 
or 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, ihe requirements fur manholes were 
found in Part IV of Article 314. For the 2005 edition, 
manhole requirements were moved to Article 110 and placed 
there as the new Part V. Placing the manhole requiremenis 
in Article 110 makes sense because manhole working space 
issues for cabling and other equipment here parallel those 
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same working space issues elsewhere in Article 110. For 
handhole insiallatiuns. see Article 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 equipment with 
live parts that is likely to require examination, adjustment, 
servicing, or maintenance while energized. Such enclosures 
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. 

Exception: Where electric enclosures covered by Part V of 
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 documentation 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 "Lis likely to require 
examination, adjustment, servicing, or maintenance while 
energized.'" 

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: Sec ANSI C2-2002. National Electrical Safety 
Code, for additional information on the loading thai 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 (2!4 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 (I ft), measured hori- 
zontally, of the adjacent interior side wall of the enclosure. 

Exception: A manhole containing only one or more of the 
following shall be permitted to have one of the horizontal 
work space dimensions reduced to 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 ft): 

(1) Optical fiber cables as covered in Article 770 
(2) Power-limited fire alarm circuits supplied in accor- 

dance with 760.41(A) 
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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 to 
require examination, adjustment, servicing, or maintenance 

.while energized is installed in a manhole, vault, or other 
enclosure designed for personnel access, the work space and 
associated requirements in 110.26 shall be met for installa- 

.tions operating at 600 volts or less. Where the installation 
. is over 600 volts, the work space and associated requirements 
in 110.34 shall be met. A manhole access cover thai weighs 
over 45 kg (100 lb) 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 volts shall be pro- 

-.'vided 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) Dimensions Rectangular access openings shall not be 
less than 650 mm X 550 mm (26 in. x 22 in.). Round 

;• access openings in a manhole shall not be less than 650 mm 
(26 in.) in diameter. 

:; Exception: A manhole that has a fixed ladder that does not 
obstruct the opening or that contains only one or more of 
the following shall be permitted to reduce the minimum cover 

1 diameter to 600 mm (2 ft): 

Jl) Optical fiber cables as covered in Article 770 
J2) Power-limited fire alarm circuits supplied in accor- 

dance with 760.41 

w) Class 2 or Class 3 remote-control and signaling circuits, 
or both, supplied in accordance with 725.41 

(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. W'here this is not practicable, 
either a protective barrier or a fixed ladder shall be provided. 

(D) Covers Covers shall be over 45 kg (100 lb) or other- 
wise designed to require the use of tools to open. They shall 
be designed or restrained so they cannot fall into the manhole 
or protrude sufficiently to contact electrical conductors 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) Location 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 compliance with the requirements 
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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