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11.
Bonding and Grounding
Note:  It is required that a current copy of CenturyLink TP 77355, “Grounding Central Office and Remote Equipment Environments,” be present on site and available for use on any job that includes grounding.  Any issues not addressed in this chapter are to be found and followed in the 77355.
Note that there are two primary grounding schemes in use in CenturyLink buildings:  Bell System isolated-integrated, and independent telco PANI.  Both are valid systems and the one in use in that building already should be followed.  Tech Pub 77355 provides much greater detail on each of these systems.
The Planning & Engineering Guidelines standard configurations/models of some specific types of equipment and CenturyLink Drawing Standards may supersede some requirements identified in this chapter.

11.1
General Requirements
11.1.1 All grounding conductors shall be run exposed and supported to existing cable rack, hangers, or suitable framework using nylon/plastic tie wraps or 9 ply cord.

11.1.2 Grounding conductors  1/0 AWG and smaller may be secured directly to the side of cable racks, or run along walls and secured at 18” intervals.

11.1.3 Grounding conductors larger than 1/0 AWG shall be suspended on and secured to cable hangers or run along walls and secured at 18” intervals. Cable hangers shall be placed at eighteen-inch intervals.

11.1.4 Grounding conductors shall not be run within cable racks or attached to AC conduit.


11.1.5 Grounding conductors, bonds and taps to ground conductors shall be preferably arranged to flow fault currents in the direction of the OPGPB, MGB PANI Bar, or ground source. This rule does not apply to buss bar assemblies.

11.1.5.1 180 degree bends in grounding conductors are not permitted.
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11.1.7 In general, all low frequency (< 1 MHz) shielded wires within the CO should only be grounded at the termination end going forward.  Some older timing cables may be grounded at the source end, but it is required going forward to ground them at the termination end (when the GPS timing receiver and the timing distribution shelf are integrated) to prevent lightning propagation into the office in sites with outdoor GPS antennas.  For cables running between the isolated and integrated planes, the termination end is in the isolated plane.
11.1.8 All chassis, shield, and equipment ground bonds may be made using a solderless wrapped connection, a soldered connection, or single hole ring type crimped connector mounted to a properly prepared surface of the frame, bay, or cabinet with suitable hardware and shakeproof lock washer. The placement of the lock washer shall be between the head of the securing device and the connector, not between the connector and the contact surface.
11.1.9 Frame ground connectors, chassis, shield, and equipment bonds shall not be stacked one on top of the other under the same mounting hardware.

11.1.10 A grounding conductor should not be secured or supported by metallic clamps which completely encircle the conductor ( see girdling section 9.2.1 in Tech pub 77355 Issue K).



11.1.11 Attachments to raceways shall only be made per the 2014 NEC Article 300.11B.

11.1.12 DC grounding conductors shall be run so that they are visible from the floor.

11.1.13 DC grounding conductors shall be run so that they may be accessible throughout their expected life.

11.2
Central Office and Facility Main Ground Systems
11.2.1 Refer to Technical Publication 77355, primarily Chapters 3, 5, and 9 for the design requirements of CO Ground systems.




11.2.2 Any PVC sleeves used for running grounding cables through floors shall extend four inches above and two inches below floor levels and be properly firestopped. See Chapter 4,” Cable Holes, Penetrations, and Fire/Smoke Protection.”



11.3
Grounding Frames, Bays and Cabinets
11.3.1 See CenturyLink Technical Publication 77355 for additional information and requirements.





11.3.2 All ground connections shall be secure.

11.3.3 All contact surfaces shall be cleaned and treated with a non-oxidizing agent.
11.3.4 Frame, bay, and/or stand extion supports (estenders) shall be bonded to the frame with a minimum 6 AWG conductor that shall not contain bends exceeding 90 degrees.
11.3.5 Frame support pipes shall not be used for frame grounds. If necessary, the installer shall contact the Design Engineer to arrange for the necessary material to provide a proper 2 AWG stranded, insulated, copper conductor, supported on hangers, extending the full length of the line-up.

11.3.6 Frame, bay and/or stand extension supports (extenders) shall be bonded to the frame with a minimum 6 AWG conductor that shall not contain bends exceeding 90 degrees.

11.4
Equipment Chassis Shield and Quiet Grounding Connections
11.4.1 Chassis and shield grounds may be made using single-hole crimped compression connectors or by wire wrapping to an approved wire-wrap terminal.  If a manufacturer provides a termination for a chassis, shield, or quiet ground, that bond shall be made. NEBS tested self-tapping screws and/or tooth- type lock washers are also approved for chassis grounding connections.

11.4.2 In general, all low frequency (< 1 MHz) shielded wires within the CO should only be grounded at the termination end.  Some older timing cables may be grounded at the source end, but it is required to ground them at the termination end (when the GPS timing receiver and the timing distribution shelf are integrated) to prevent lightning propagation into the office in sites with outdoor GPS antennas.  For cables running between the isolated and integrated planes, the termination end is in the isolated plane.
11.5
Isolated and Integrated (Non-Isolated) Grounding Systems 
11.5.1 See chapter 8 and section 9.9 of Tech Pub 77355 for specific design requirements for isolated ground planes.
11.5.1.1 A two-inch air separation or approved insulator is required between a member associated with any integrated (or non-isolated) ground system and a member of any isolated ground system.

11.5.2 All frames, bays, and cabinets installed in an isolated ground plane shall have a low voltage (resistance) and a high voltage (breakdown) test applied prior to the installation of the frame ground conductor or any other cabling to assure that the frame is truly insulated. The results must appear in the test record documentation required to be turned over to the B&C representative at the completion of the job. Refer also to Chapter 13, Par. 13.4.6 and Chapter 14.12 RG 47-0157 - Cable Test Record.

11.5.2.1 Two wraps of sheet fiber paper/protective tubing or other approved insulator shall be used to isolate conduit and other members of the isolated ground plane from different grounding systems. Isolation material shall extend 2 inches on either side of the point of incidence.

11.5.3 Isolated Conduit and Alternating Current Equipment Ground (ACEG)

11.5.3.1 The continuity of metallic conduit providing AC service to an isolated ground plane shall not be broken by an air gap or insulating coupling.

11.5.3.2 In a traditional RBOC isolated-integrated grond plane system that includes a ground window, the continuity of metallic conduit used for the routing of DC alarms and low voltage lighting control lead(s) into an isolated ground plane environment shall be broken by an air gap or insulating coupling when the conduit is not routed through the ground window and bonded to the main ground bus of that ground window.




11.6
Circuit Pack Storage Cabinets
11.6.1 Circuit pack storage cabinets located or placed in lineups with SPCS equipment shall be insulated from the integrated environment and bonded to the isolated ground.

11.6.2 Circuit pack storage cabinets that do not meet Paragraph 11.6.1 restrictions, that are located within six feet of an isolated ground plane, shall be bonded to the Foreign Object Ground (FOG) system that goes to either the integrated side of the ground window in an isolated-integrated office, or to the N section of a PANI bar in those types of offices.
11.6.3 Circuit pack storage cabinets that do not meet the requirements of Paragraph 11.6.1 or 11.6.2 shall be grounded to the central office grounding system.

11.7
Foreign Object Grounding
Metallic Members of the integrated ground plane located within six feet of metallic members of the isolated ground plane shall be bonded to the Integrated portion of the Ground Window/Single Point Ground (SPG, MGB) in isolated-integrated offices, or to the N (non-isolated) section of the PANI MGB or FGB in offices with a PANI grounding system. Steps shall be taken to ensure that there is electrical continuity between members of the nearby metal mass, verifiable by a reading of less than 0.1-ohm resistance, measured between metallic members. If the reading is greater than 0.1 ohm across junctions, then the metal objects shall be deliberately bonded.

11.7.1 In areas adjacent to, and within 6 feet of, Isolated Ground Plane Systems the Service Supplier shall ensure that Foreign Object Ground paths are not disturbed. If equipment and ironwork that is Foreign Object Grounded is removed, the Service Supplier shall ensure that ground paths are properly reestablished to remaining equipment and ironwork.
11.7.2 Metallic objects that are commonly found within the six-foot radius of an Isolated ground plane are listed, but not limited to: tip and ring cable racks, power cable racks, cable rack screening and panning, auxiliary framing including support rods and earthquake bracing, conduits, AC service panels, lighting fixtures, HVAC ducts, alarm panels, desks and cabinets, facility and radio equipment frames.

11.7.3 Care shall be taken to limit environmental contamination caused by dust, drilling, and or paint removal. Whenever possible, this work shall be performed outside the equipement area or before the installation of isolated ground plane equipment.  If the work shall be done near the switch or other working equipment, then steps shall be taken to collect all dust, paint chips, and metal bits.  The use of a HEPA vacuum cleaner and proper equipment protection such as canvas tarps, insulating blankets, or masonite is required.

11.7.4 Where frames or lineups are added to new or existing isolated ground plane environments, the Service Supplier is required to provide the foreign object grounding.  Some isolated ground plane environments may not have existing foreign object grounding.  In these instances, the Service Supplier is required to extend a stranded insulated conductor from the area above the isolated to the integrated portion of the ground window (or the N section of the nearest PANI bar), and bond metallic members within six feet of the added equipment.
11.7.5 Objects in the integrated ground plane may be extended individually to the integrated portion of the ground window (or the N section of the nearest PANI bar) or may be collectively referenced through a foreign object ground bar which is connected to the integrated portion of the ground window (or the N section of the nearest PANI bar) with a minimum 2 AWG stranded insulated conductor. It shall be permissible to branch 6 AWG conductors from the  2 AWG conductor to bond individual items.
11.8
Raised Floor Environments
This section generally refers to floor supported equipment cabinets on a raised floor air plenum, each cabinet equipped with one or more integral regulated power supply units served by a cord connected to AC service.


11.8.1 Raised floor area cabinets (i.e., processor boxes, expansion cabinets, peripherals, communications cabinets, a floor mounted AC distribution centers[PDUs], and floor mounted air handling equipment) [CRAC units]) shall be grounded to the raised floor grid using a flat braided strap to the nearest floor grid-work structure.  This arrangement provides the necessary high frequency return path and minimizes the difference of potential throughout the complex. The raised floor grid shall be connected to the site ground system.
11.8.2 All connections to the equipment cabinets and the raised floor metallic grid shall be made with two-hole crimped copper lugs.
11.8.3 Each cabinet shall be connected to an AC supply system by means of an electrical cord equipped with an ACEG conductor (green wire).

11.8.4 AC outlets under raised floors used to provide permanent service to AC-fed equipment shall be NEMA-locking type.
11.8.5 Alternating current outlet boxes shall be NEMA-spec and metal to reduce noise.




11.8.6 In no case shall the ACEG be routed between the computer cabinets and the AC power service cabinet in other than cord and AC branch circuit raceway.


11.9
Radio Site Ground System








11.9.1 The primary interior ring ground conductor in a radio site (or any other site where an interior ring/halo is used) shall be supported to the interior walls at two foot intervals and shall be constructed at either the seven foot or nine foot level, depending on the height of equipment frames.



11.9.2 All frames, bays, cabinets, cable rack sections, auxiliary framing, conduits, vents, metal doors/frames, and other metallic objects within six feet of the radio equipment area shall be bonded to the ring ground system.

11.9.3 All microwave radio equipment frames, bays, and cabinets shall be bonded at or near the top of each side or upright to the supplementary ring conductor. Individual bonds should be formed flowing toward the wave-guide hatch plate(s) in opposite directions. It shall be permissible to use a single conductor bonded to each upright and connected in the middle to the supplementary conductor.

11.10   Standby Engines and Engine Room Equipment
11.10.1 


Bonds shall be placed around flexible metallic conduits that are terminated with mechanical connectors. Flexible sections in exhaust and fuel pipe systems shall also be connected on both sides to the grounding system or have a bond strap around them.

11.10.2 A 6 AWG bond shall be placed across flexible non-metallic sections of raceway.
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