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SECTION 16450

GROUNDING
This Section uses the term "Architect."  Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

NFPA 70 and IEEE C2 include basic grounding requirements for electrical safety.  This Section supplements those requirements with additional grounding and with optional grounding methods and materials for both power and electronic systems that go beyond basic minimum safety requirements.

PART 1 -  GENERAL

1.1 DESCRIPTION
A. System Grounding
1. Secondary service neutrals shall be grounded at the supply side of the switchboard.
2. Separately derived systems (transformers downstream from the service entrance) shall have the secondary neutral grounded.

3. Isolation transformers and isolated power systems shall not be system grounded.

B. Equipment Grounding

1. Metallic structures, enclosures, raceways, outlet boxes, junction boxes, cabinets, machine frames and other conductive items in close proximity with electrical circuits shall be grounded for personal safety and to provide a low impedance path for possible ground fault currents.

PART 2 -  PRODUCTS

2.1 Materials
Retain first paragraph below to require one of the two preferred conductor materials permitted by NFPA 70; or delete to allow Contractor to select any material that complies with Code.  See "Product Characteristics" Article in the Evaluations for discussion on alternative materials.

A. Grounding Wires
1. Shall be NEC-approved and UL-labeled types, copper with TW or better insulations, color-identified green except where otherwise shown on drawings or specified.

2. Wire size shall not be less than shown on drawings and not les than required by NEC.

B. Ground Rods:

1. Were required, ground rods shall be copper clad steel, 5/8” diameter by 10’ long.
Retain first paragraph and subparagraphs below if Project includes overhead-line work.

C. Accessories:

1. Provide all necessary clamps and connectors sized for the ground rods and wires being used.
PART 3 -  EXECUTION

3.1 INSTALLATION
A. Grounding shall be in accordance with NEC, as shown on drawings and as hereinafter specified for the respective equipment.
B. Outdoor Fences:  Connect outdoor fences around electrical equipment to groudnign electrode system.

C. Metallic Conduit:  Metallic conduits, which terminate without mechanical cconnection to a housing of electrical equipment by means of locknut and bushings or adaptors, shall be provided with grounding bushings.  Bushings shall be connected with a bare grounding conductor to equipment ground bus.

Coordinate first paragraph and subparagraph below with Division 26 Section "Underground Ducts and Raceways for Electrical Systems" and with Drawings.

3.2 SECONDARY EQUIPMENT & CIRCUITS
A. Main Bonding Jumper:  Connect the secondary service neutral to ground bus in service equipment.
Grounding practices of local utility company may differ from requirements in six paragraphs below.  Although overhead-line grounding specified in this Article is not for utility company's use and does not have to meet its standards, it is possible utility may be requested to repair or maintain the line in future.  For this reason, it may be desirable to design some grounding features according to its standards.  Utility companies, for economic reasons, often design to a standard lower than is appropriate for Project requirements.  Alternatively, because of their detailed experience with wind, ice, and lightning conditions in their service area, utility companies may design to a higher standard than is required by Code.  In addition to Project requirements, evaluate local utility company's practice and edit paragraphs accordingly.  This evaluation is particularly important if Project overhead lines connect with utility lines.  Coordinate with Drawings and with Division 26 Section "Low-Voltage Overhead Electrical Power Systems."

B. Water Pipe and Supplemental Electrode:
1. Grounding electrode conductor – provide a connections between the main service equipment ground bus and the metallic water pipe system only on the supply side of the water meter.

2. Connect the ground from the main service equipment to the ground system between the water pipe on the supply side of water meter, to the pad-mounted transformer ground system and to the rebar ground system mentioned in the next paragraph.

3. When possible, rebars in footings at least 3’ deep and at least 20’ long shall be used in the ground system by bonding with exothermic welds or approved bronze ground clamps holding at least 2/0 copper wire to the bonding point, and extending the conductor out of the concrete through a raceway to service entrance equipment ground.

C. Main Service Equipment (Separate Individual Enclosure):  Provide a ground bar bolted ot the enclosure with lugs for connecting the various grounding conductors.
1. Connect the various feeder green grounding conductors to the ground bus in the enclosure with suitable pressure connectors.

2. Connect grounding electrode conductor the ground bus.

3. Connect the neutral to the ground bus (main bonding jumper)

4. Connect metallic conduits, which terminate without mechanical connection to the housing, by grounding bushings and ground wire to the ground bus.

D. Conduit Systems:
1. Ground all metallic conduit systems.

2. Nonmetallic conduit systems shall contain a grounding conductor.

3. Conduit provided for mechanical protection and containing only a grounding conductor shall be bonded to that conductor at the entrance and exit from the conduit.

E. Feeders and branch Circuits:  Install green grounding conductors with feeders and branch circuits as follows:
1. All feeders

2. All receptacle and lighting branch circuits

3. Motors and motor controllers for 3 phase motors only.

4. Fixed equipment and appliances
5. Items of equipment where the final connections is made with flexible metal conduit shall have a grounding wire

6. Additional locations and systems as shown on drawings.

F. Boxes, Cabinets, Enclosures and Panelboards:
1. Bond grounding wires to each appropriate pullbox, junction box, outlet box, cabinets and other enclosures through which ground wires pass.

2. Provide lugs in each box and enclosure for ground wire termination.

3. Provide ground bars in panelboards bolted to the housing with sufficient lugs for terminating the ground wires.

G. Motors and Starters:
1. Provide lugs in motor terminal box and starter housing for ground wire termination.

2. Make ground wire connections to ground bus in motor control centers.

H. Receptacles not approved for grounding through their mounting screws shall have a ground wire from green ground terminal to the outlet box ground screw.

I. Lighting Fixtures:  Shall be grounded through the conduit systems.  Fixtures connected with flexible conduit shall have a green ground wire included with the power wires from the fixture through the flexible conduit to the first outlet box.

J. Lighting Fixtures:  Shall be grounded with the branch circuit grounding conductor.

K. Electrical Appliances and Equipment:  Fixed electrical appliances and equipment shall have a ground lug installed for termination of green ground conductor.

L. Light fixture switches:  Shall be grounded type.

3.3 CONDUCTIVE PIPING, DUCTS
A. Bond conductive piping systems and ducts in the building to the electrical system ground.  Bonding connections shall be made as close as practicable to the building ground system.
Grounding practices of local utility company may differ from requirements in three paragraphs below.  Although grounding specified in this Article is not for utility company's use and does not have to meet its standards, it is possible utility may be requested to repair or maintain the line in future.  For this reason, it may be desirable to design some grounding features according to its standards.  Utility companies, for economic reasons, often design to a standard lower than is appropriate for Project requirements.  Alternatively, because of their detailed experience with conditions in their service area, utility companies may design to a higher standard than is required by Code.  In addition to Project requirements, evaluate local utility company's practices and edit paragraphs accordingly.  This evaluation is particularly important if Project underground lines connect with utility lines.  Coordinate with Drawings and with Division 26 Section "Underground Ducts and Raceways for Electrical Systems.".

3.4 GROUND RESISTANCE
NFPA 70 permits or specifies two types of equipment grounding conductors:  metallic raceway or cable sheath that encloses supply conductors, and a separate grounding conductor of insulated wire or cable installed with supply conductors.  Installation of a separate insulated equipment grounding conductor provides an additional degree of safe operation when compared to relying on raceway or cable sheath for ground continuity.  NFPA 70 requires separate insulated equipment grounding conductors in some situations and not in others.  Retain and edit one of first two paragraphs below to require insulated equipment grounding conductors, which exceed NFPA 70 requirements.  Coordinate with Drawings.

A. Grounding system shall be tested to insure that ground resistance does not exceed 5 ohms.
B. Services at power company interface points shall comply with the power company ground resistance requirements.

3.5 GROUND ROD INSTALLATION
A. Distance:  Drive each rod vertically for not less than 10’.
B. Multiple Rods:  Where required to obtain specified ground resistance, install multiple rods not closer than 6’ between each rod.

Retain and edit first paragraph below to exceed NFPA 70 requirements, and comply with NFPA 70 recommendations for a higher standard of safety or electromagnetic interference suppression if needed.

C. Where ground connections will be permanently concealed, make connections by the exothermic process to form solid metal joints or approved bronze connectors.  Make accessible ground connections with mechanical pressure type ground connectors.
D. Where rock prevents the driving of vertical ground rods, install grounding electrodes in horizontal trenches to achieve the specified resistance.

END OF SECTION
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