CITY OF FORT WAYNE MASTER 		    	                                                UPDATED: 1/5/15
SECTION 26 05 26

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS
GENERAL
[bookmark: _GoBack]DESCRIPTION
Scope:
Contractor shall provide labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install complete grounding for electrical systems, structures, and equipment.
Plus the following special applications:
Overhead-lines grounding.
Underground distribution grounding.
Common ground bonding with lightning protection system
Related Sections:
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list Administrative and Procedural Division 01 Sections.
31 00 05 Trenching and Earthwork
 (--1--).
REFERENCES
NTS: Retain applicable standards below.  Delete ANSI/NETA reference when acceptance testing is not required.  Add others as required.
Standards referenced in this Section are:
ANSI/NETA ATS, Acceptance Testing Specifications for Electrical Power Equipment and Systems.
ASTM B8, Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard or Soft.
ASTM B 33, Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical Purposes.
UL 467, Grounding and Bonding Equipment.
National Fire Protection Association 70 (NFPA) 
National Fire Protection Association 780 (NFPA)
QUALITY ASSURANCE
Qualifications:  
NTS: Edit paragraph “1”, below, to suit the Project.  Consider acceptance testing for large projects when distribution equipment is also acceptance-tested.  Otherwise delete paragraph “1”
Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a member company of the InterNational Electrical Testing Association or is a nationally recognized testing laboratory (NRTL) or (NETA) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.
Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association to supervise on-site testing specified in Part 3.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
Comply with UL 467 for grounding and bonding materials and equipment.
Regulatory Requirements
NTS:  Retain applicable regulatory requirements below.  Add others as required.
National Fire Protection Association 70 (NFPA)
National Fire Protection Association 780 (NFPA)
SUBMITTALS
Submit the following:
Shop Drawings:
Listing of grounding connector types identifying where each will be used.
Layouts of each structure’s ground grid.
Test point construction details.
Product Data: 
Manufacturer’s technical information for grounding materials proposed for use.
Testing Plans: 
Ground resistance test procedure.
Field Quality Control Submittals 
Results of ground resistance tests at each test point.
Reference 01 78 39 Project Record Documents for requirements of plans showing actual locations of grounding features.
Certificates for field testing agency, signed by Contractor, certifying that agency complies with requirements specified in Quality Assurance Section Above.
PRODUCTS
MATERIALS
Bare Ground Cable:
Material: Soft-drawn, bare copper stranded cable complying with ASTM B8.  No. 4/0 AWG minimum size unless otherwise shown or indicated on the Drawings.
Conductors
Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
Bare Copper Conductors:
Solid Conductors:  ASTM B 3.
Stranded Conductors:  ASTM B 8.
Tinned Conductors:  ASTM B 33.
Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in diameter.
Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
Grounding Bus:  Rectangular bars of annealed copper, 1/4 by 2 inches (6 by 50 mm) in cross section, unless otherwise indicated; with insulators
Ground Rods:
Material: Copper-clad rigid steel rods, 3/4‑inch diameter, ten feet long.
Grounding Connectors:
Products and Manufacturers: Provide one of the following:
Pressure Connectors:
O.Z./Gedney, Division of General Signal Corporation.
Burndy Corporation.
Welded Connections:
Cadweld by Erico Products, Incorporated.
Therm‑O‑Weld by Burndy Corporation.
Material:
Pressure connectors shall be copper or copper alloy castings, bolted pressure type, designed and fabricated specifically for items to be connected and assembled with Durium or silicone bronze bolts, nuts, and washers.  
Welded connections shall be by exothermic process utilizing molds, cartridges, and hardware designed specifically for connection to be made or Burndy irreversible crimp types recommended by kit manufacturer for materials being joined and installation conditions
Pipe Connectors shall be clamp type, sized for pipe.
Ground Test Well
Provide heavy-duty test well suitable for heavy-duty traffic.
Diameter and Material: 12.75-inch outside diameter, Schedule 80 PVC.
Depth: Two feet.
Cover: Provide test well with cast iron cover marked, “Ground” with cast iron ring to support lid. 
Ground system components shall comply with UL 467.
EXECUTION
INSPECTION
Examine conditions for the Work and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with Work until unsatisfactory conditions are corrected.
APPLICATIONS
Equipment Grounding Conductors: Comply with NEC Article 250 for types, sizes, and quantities of equipment grounding conductors, except where specific types, larger sizes, or more conductors than required by NEC are indicated.
Install equipment grounding conductor with circuit conductors for items below in addition to those required by Code:
Feeders and branch circuits.
Lighting circuits.
Receptacle circuits.
Single-phase motor or appliance branch circuits.
Three-phase motor or appliance branch circuits.
Flexible raceway runs.
Armored and metal-clad cable runs.
Busway Supply Circuits: Install separate equipment grounding conductor from grounding bus in switchgear, switchboard, or distribution panel to equipment grounding-bar terminal on busway.
Computer Outlet Circuits: Install separate equipment grounding conductor in branch circuit runs from computer area power panels or power-distribution units.
Isolated Grounding-Receptacle Circuits: Install separate insulated equipment grounding conductor connected to receptacle grounding terminal. Isolate grounding conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding-conductor terminal of applicable derived system or service, except as otherwise indicated.
Isolated Equipment Enclosure Circuits: For designated equipment supplied by branch circuit or feeder, isolate equipment enclosure from supply raceway with nonmetallic raceway fitting listed for purpose. Install fitting where raceway enters enclosure, and install separate equipment grounding conductor. Isolate equipment grounding conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding-conductor terminal of applicable derived system or service, except as otherwise indicated.
Nonmetallic Raceways: Install equipment grounding conductor in nonmetallic raceways unless they are designated for telephone or data cables.
Air-Duct Equipment Circuits: Install equipment grounding conductor to duct-mounted electrical devices operating at 120 V and above, including air cleaners and heaters. Bond conductor to each unit and to air duct.
Water Heater, Heat-Tracing, and Antifrost Heater Circuits: Install separate equipment grounding conductor to each electric water heater, heat-tracing assembly, and antifrost heating cable. Bond conductor to heater units, piping, connected equipment, and components.
Signal and Communication Systems: For telephone, alarm, voice and data, and other communication systems, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding-electrode system to each service location, terminal cabinet, wiring closet, and central equipment location.
Service and Central Equipment Locations and Wiring Closets: Terminate grounding conductor on 1/4 by 2 by 12 in. (6 by 50 by 300 mm) grounding bus.
Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.
Separately Derived Systems: Where NEC requires grounding, ground according to NEC Paragraph 250-26.
Metal Poles Supporting Outdoor Lighting Fixtures: Ground pole to grounding electrode in addition to separate equipment grounding conductor run with supply branch circuit.
Common Ground Bonding with Lightning Protection System: Bond electric power system ground directly to lightning protection system grounding conductor at closest point to electric service grounding electrode. Use bonding conductor sized same as system grounding conductor and install in conduit.
Piping Systems and Other Equipment: Comply with NEC Article 250 for bonding requirements.
Underground Grounding Conductors:  Install bare tinned-copper conductor, No. <Insert size> AWG minimum.
Bury at least 24 inches (600 mm) below grade.
Duct-Bank Grounding Conductor:  Bury 12 inches (300 mm) above duct bank when indicated as part of duct-bank installation.
Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at least three bands of green and two bands of yellow.
Grounding Bus:  Install in electrical and telephone equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
Install bus on insulated spacers 1 inch (25 mm), minimum, from wall 6 inches (150 mm) above finished floor, unless otherwise indicated.
Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, down to specified height above floor, and connect to horizontal bus.
Conductor Terminations and Connections:
Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
Underground Connections:  Welded connectors or irreversible crimp, except at test wells and as otherwise indicated.
Connections to Ground Rods at Test Wells:  Bolted connectors.
Connections to Structural Steel:  Welded connectors.
INSTALLATION
Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
Common Ground Bonding with Lightning Protection System:  Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system.  Bond electrical power system ground directly to lightning protection system grounding conductor at closest point to electrical service grounding electrode.  Use bonding conductor sized same as system grounding electrode conductor, and install in conduit.
Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade, unless otherwise indicated.
Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated.  Make connections without exposing steel or damaging coating, if any.
For grounding electrode system, install at least [three] rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.
Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in Division 26 Section "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12 inches (300 mm) deep, with cover.
Test Wells:  Install at least one test well for each service, unless otherwise indicated.  Install at the ground rod electrically closest to service entrance.  Set top of test well flush with finished grade or floor.
Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed through lengths of conduit less than 12 inches.
Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not transmitted to rigidly mounted equipment.
Use exothermic-welded connectors or irreversible crimp connectors for outdoor locations, but if a disconnect-type connection is required, use a bolted clamp.
Grounding and Bonding for Piping:
Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water service pipes, using a bolted clamp connector or by bolting a lug-type connector to a pipe flange, using one of the lug bolts of the flange.  Where a dielectric main water fitting is installed, connect grounding conductor on street side of fitting.  Bond metal grounding conductor conduit or sleeve to conductor at each end.
Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  Connect to pipe with a bolted connector.
Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.
Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install tinned bonding jumper to bond across flexible duct connections to achieve continuity.
Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.
Ground Ring:  Install a grounding conductor, electrically connected to each building structure ground rod and to each [steel column] and rebar mat, extending around the perimeter of building.
Install tinned-copper conductor not less than No. 4/0 AWG for ground ring and for taps to building steel.
Bury ground ring not less than 24 inches (600 mm) from building foundation.
Weld all buried connections except for test points.
GROUNDING OVERHEAD LINES
NTS: Insert number of required parallel ground rods at (--1--) below. Typical requirement is 2 parallel ground rods.
Comply with IEEE C2 grounding requirements.
Install (--1--) parallel ground rods if resistance to ground by a single, ground-rod electrode exceeds 25 ohms.
Drive ground rods until tops are 12 inches (300 mm) below finished grade in undisturbed earth.
Ground-Rod Connections:  Install bolted connectors for underground connections and connections to rods.
Lightning Arrester Grounding Conductors:  Separate from other grounding conductors.
Secondary Neutral and Transformer Enclosure:  Interconnect and connect to grounding conductor.
Protect grounding conductors running on surface of wood poles with molding extended from grade level up to and through communication service and transformer spaces.
GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
Comply with IEEE C2 grounding requirements.
Grounding Manholes and Handholes:  Install a driven ground rod through manhole or handhole floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor.  If necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall.  Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150 mm) below concrete.  Seal floor opening with waterproof, nonshrink grout.
Grounding Connections to Manhole Components:  Bond exposed-metal parts such as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor.  Make connections with No. 4 AWG minimum, stranded, hard-drawn copper bonding conductor.  Train conductors level or plumb around corners and fasten to manhole walls.  Connect to cable armor and cable shields as recommended by manufacturer of splicing and termination kits.
Pad-Mounted Transformers and Switches:  Install four ground rods and ground ring around the pad.  Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electrodes.  Install tinned-copper conductor not less than No. 4 AWG for ground ring and for taps to equipment grounding terminals.  Bury ground ring not less than 6 inches (150 mm) from the foundation.
EQUIPMENT GROUNDING
Ground electrical equipment in compliance with Laws and Regulations and the Contract Documents.
Equipment grounding conductors shall be bare stranded copper cable of adequate size installed in metal conduit where required for mechanical protection.  Ground conductors, pulled into conduits with non-grounded conductors, shall be insulated.  Insulation shall be green.  
Control panels grounding conductors shall be bare stranded copper cable of adequate size to ground grid from AC ground bus, and an insulated stranded copper cable of adequate size to ground grid from DC ground bus.
Connect ground conductors to conduit with copper clamps, straps, or with grounding bushings. 
Connect to equipment by means of lug compressed on cable end.  Bolt lug to equipment frame using holes or terminals provided on equipment specifically for grounding.  Do not use hold-down bolts.  Where grounding provisions are not included, drill suitable holes in locations recommended by equipment manufacturer or designated by Engineer. 
Connect to motors by bolting directly to motor frames, not to soleplates or supporting structures.
Connect to service water piping by means of copper clamps.  Use copper bonding jumpers on gasketed joints.
Scrape bolted surfaces clean and coat with conductive oxide‑resistant compound.
Install insulated equipment grounding conductors with all feeders and branch circuits.
Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment.  Bond conductor to each unit and to air duct and connected metallic piping.
Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable.  Bond conductor to heater units, piping, connected equipment, and components.
Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected to the receptacle grounding terminal.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the applicable derived system or service, unless otherwise indicated.
Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where raceway enters enclosure, and install a separate insulated equipment grounding conductor.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the applicable derived system or service, unless otherwise indicated.
Signal and Communication Equipment:  For telephone, alarm, voice and data, and other communication equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode system to each service location, terminal cabinet, wiring closet, and central equipment location.
Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on a 1/4-by-2-by-12-inch (6-by-50-by-300-mm) grounding bus.
Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.
Metal and Wood Poles Supporting Outdoor Lighting Fixtures:  Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.
CORROSION INHIBITORS
When making grounding and bonding connections, apply a corrosion inhibitor to all contact surfaces.  Use corrosion inhibitor appropriate for protecting a connection between the metals used after scraping bolted surfaces clean and coat with conductive oxide resistant compound.
GROUND FAULT SYSTEMS
Visual and Mechanical Inspection:

Inspect for physical damage and compliance with Drawings and Specifications.
Inspect neutral main bonding connection to ensure following.

Zero sequence system grounded upstream of sensor.
Ground strap systems grounded through sensing device.
Ground connection made ahead of neutral disconnect link.

Inspect control power transformer to ensure adequate capacity for system.
Manual operate monitor panels (if present) for following:

Trip test.
No trip test.
Non-automatic reset.

Record proper operation and test sequence.
Inspect zero sequence systems for symmetrical alignment of core balance transformers about current carrying conductors.
Verify ground fault device circuit nameplate identification by actuation observation.
Pickup  and  time  delay  settings shall  be  set  in  accordance  with  settings developed through coordination study and as approved by ENGINEER.
Electrical Tests:

Test in accordance with manufacturer's instructions.
Measure system neutral insulation resistance to ensure no shunt ground paths exist, neutral-ground disconnect link removed, neutral insulation resistance measured, and link replaced.
Relay pickup current  shall  be determined by primary injection at  sensor  and circuit interrupting device operated.
Relay timing shall be tested by injecting 150% and 300% of pickup current into sensor. Total trip time shall be electrically monitored.
System operation shall be tested at 55% rated voltage.
Zone interlock  system  shall  be tested by  simultaneous sensor current  injective and monitoring blocking function.
Test Parameters:

System neutral insulation shall be minimum of 100 ohms, preferably 1 megohm or larger.
Relay pickup current shall be within 10% of device dial or fixed setting, and in no case greater than 1,200 amp.
Relay  timing  shall  be  in  accordance  with  manufacturer's  published  time-current characteristic curves, but in no case longer than 1 sec.
NTS: Edit field testing requirements in article “3.5”, below, to suit the project.  Edit field witness testing requirements to coordinate with RPR/Engineer’s scope of construction-phase services.
FIELD QUALITY CONTROL
Perform the following tests and inspections and prepare test reports: 
After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal[, at ground test wells][, and at individual ground rods].  Make tests at ground rods before any conductors are connected.
Measure ground resistance not less than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natural ground resistance.
Perform tests by fall-of-potential method according to IEEE 81.
NTS: Review values in “B” below, typical values are listed. If necessary, change values to match project specific requirements.  Insert at (--1--) below additional project specific applications and maximum ground-resistance values. Delete if not used.
Report measured ground resistances that exceed the following values: ****NOTE: Check IEEE Standards.
Power and Lighting Equipment or System with Capacity 500 kVA and Less: 10 ohms.
Power and Lighting Equipment or System with Capacity 500 to 1000 kVA:  5 ohms.
Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms.
Power Distribution Units or Panelboards Serving Electronic Equipment:  1 ohm.
Substations and Pad-Mounted Equipment:  5 ohms.
Manhole Grounds:  10 ohms.
(--1--)
Testing Agency: Provide services of qualified independent testing agency to perform specified acceptance testing.
Testing: Upon completion of installation of ground-fault protection system and after electrical circuits have been energized, demonstrate capability and compliance with requirements.
Procedures: Perform each visual and mechanical inspection and electrical test stated in NETA ATS. Certify compliance with test parameters.
Excessive Ground Resistance: Where resistance to ground exceeds specified values, notify ENGINEER promptly and include recommendations to reduce ground resistance and to accomplish recommended work.
Correct malfunctioning units at site, where possible, and retest to demonstrate compliance; otherwise, remove and replace with new units and retest.
Report: Prepare certified test reports, of ground resistance at each test location. Include observations of weather and other phenomena that may affect test results. Describe measures taken to improve test results.
RESTORATION
NTS: If specification sections referenced below are not included in the project manual, add project specific requirements to the section below.
Restore surface features, including vegetation, at areas disturbed by work of this Section.
Re-establish original grades, except as otherwise indicated.
Where sod has been removed, replace it as soon as possible after backfilling is completed.
Restore areas disturbed by trenching, storing of dirt, cable laying, and other activities to their original condition.
Restored soil shall be compacted as required in 31 00 05 Trenching and Earthwork.
Include topsoil, fertilizer, lime, seeding, sodding, sprigging, and mulching as required in 32 92 00 Lawns and Grasses.
Maintain restored surfaces as required in Division 32 Paving Specifications.
Restore disturbed paving as required in Division 32 Paving Specifications.


+ + END OF SECTION + +
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