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10      Wire,Cable and Fiber Cable Requirements 
10.1 
General 

This part of the Engineering Standards presents the requirements for selecting and installing wire and cable. Engineering suppliers must meet or exceed these requirements. 

Specifications, drawings or other supplementary documents usually specify the types and gauges of wire to be used for a particular product. These requirements have often been formalized into drawings, particularly in switching systems, which govern the use of wire within these systems, including the color code of the wire to be used. The requirements given in those documents will be followed unless specified otherwise in the engineering job package and standard configurations. The standards that follow will be used when the equipment supplier does not specify the type of wire and cable to use. 

10.2 
General Considerations 

Conductors of all wires shall be tinned copper wire, unless otherwise specified. 

The majority of wire used for telecommunications applications utilizes solid copper conductors. Wire with stranded conductors is available and may be specified when its use is advantageous, such as where flexing or vibration may occur. 

American Wire Gauge (AWG) will be used unless otherwise specified. Refer to CenturyLink Technical Publication 77385 “Power Equipment and Engineering Standards” for proper AC/DC power cabling requirements.
Insulation must meet the fire and abrasion resistance requirements in Chapter 11 of this Module. Low smoke, low flame or plenum type cables should be used. When voltages on both sides of ground are employed, wire should be insulated for the maximum potential difference between them. 

The maximum rated operating temperature must be higher than the sum of service ambient temperature and temperature rise caused by operating conditions. 

The maximum current carrying capacities recommended by the manufacturer should not be exceeded. When using wire and cable, the allowable ampere capacity for the wire and cable will be based on the approved National Electrical Code (NEC) ratings. 

Telecommunications wire must be covered (conductors sheathed) in an insulating jacket. A light gray Polyvinyl Chloride (PVC) jacket is recommended, unless otherwise specified. 

Selection of a suitable type of wire requires consideration such as::

· Electrical Factors like voltage drop, transmission properties, frequency, capacitance, inductance and voltage breakdown. 
· Mechanical Factors requiring consideration include abrasion resistance, tensile strength, ease of termination, the possibility of damage from soldering heat and conductor breakage under severe handling or operating conditions. 
· Cost is also a factor in the selection of wire and cable. 
Also, certain types of wire are listed. When this is so, specific usage should be in accordance with UL documents.
10.3 Uses Of Wire And Cable 

10.3.1 Switchboard Cable 
When selecting large cables to be spread over several equipment units, consider the amount of stripped cable that can be handled conveniently. 

Switchboard (sheathed) cable will be run on cable racks in offices designed for them, and will not have bends in the cable which are more acute than those recommended by the cable manufacturer and/or CenturyLink Technical Publication 77350, "Central Office Telecommunications Equipment Installation and Removal Guidelines". 
The use of segregated cable racks for power, fiber and switchboard cable is the first choice of installation.  All forms of copper cable (switch, data, transport, etc) may share the same switchboard cable rack with the following exceptions:
· Ground Cable
· Unfused Power Cable 
· Fused Power Cable larger than 4/0 regardless of fuse size
· All power cable with a 70amp protection device or larger
· In small sites (such as huts), where separate power cable rack may not exist, segregation of fused power cable from switchboard cable on the only cable rack may be used if power cables cannot be run on brackets attached to the switchboard rack.
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10.3.2 Distributing Frames (DFs) 
Horizontal Side - The leads from one cable may be spread over a maximum of 45 inches. A cable entering the horizontal side from the vertical side, either above or below, should be butted approximately in the center of the group of terminal strips served, or per the applicable systems method of cable drawings. 

Vertical Side - A cable may be formed over an entire vertical or any portion of it, as required. 
Distributing frame wire shall consist of DT type solid conductor hook-up wire (tinned copper with irradiated polyvinyl chloride (IPVC) insulation.
10.3.3 Fuse Bays (FBs) 
A cable may be formed over any number of fuse panels in one bay, regardless of whether the panels are adjacent. 

10.3.4 Relay Racks 
· The leads from one cable may be formed over one or more groups of mounting plates or relay rack units, but should not be spread over more than one relay rack bay, with the following exceptions:
· Cables employing an Irradiated Polyvinyl Chloride (IPVC) covering of 22 and 24 gauge solid conductors may be formed over five adjacent bays, or the equivalent. The cable should be butted on the cable rack, near the center of the group, and the leads run as loose wires.
· For bay-wired equipment having terminal strips and associated fanning rings, or suitable carrying devices at the top to the bay, cables employed other than IPVC 22 and 24 gauge solid copper conductor (except cables containing shielded pairs) may be formed over more than one bay. For such equipment, one cable may be formed over five adjacent bays, or the equivalent. It is often preferable to butt the cable at the center bay of the group. 
10.3.5 Wire Not In Switchboard Cable 
Supplier document should be consulted for the type of wire to use in a particular system. Otherwise, the following guide should be used in selecting the appropriate type of wire. 

· Local cable or loose wiring solder type terminations: 

a. Use IPVC 22 or 24 gauge, solid copper conductor 

· Local cable or loose wiring non-soldered terminations: 

a. Use IPVC 22, 24 or 26 gauge, solid copper conductor 

· Local AC power cable: 

a. Use of THWN, THW, or THHN.
· Local DC power cable (16 gauge and smaller): 

b. Use of RHW, RHH or XHHW preferred for 16 gauge and smaller.  

c. Use of THWN, THHN and TFFN may be used where protected from abrasion and coldflow at points of impingement.

d. Use of TFFN without cotton braid may be used in conduit or attached to side of cable rack (but must be protected from abrasion and coldflow at points of impingement)
e. Refer to Technical Publication 77385 “Power Equipment and Engineering Standards” Issue J, July 2013 for additional engineering requirements regarding power cable.
· Surface wiring: 
a.  Use BH2 type (dual insulation – IPVC over semi rigid PVC) 22 or 24 gauge solid copper conductor. 
· Extra strength/abrasion resistance: 
a. .  Use BH2 type (dual insulation – IPVC over semi rigid PVC) 22 or 24 gauge solid copper conductor.  

· Shielded wire – 
a. Use Polyvinyl Chloride, Cotton and Lacquered (PVC CL), shielded, PVC jacket 22 or 24 gauge solid copper conductor, or Polyethylene (PE), shielded, PVC jacket, 22 or 24 gauge solid copper conductor. 
· Wiring, not in a switchboard cable, run on cable racks: 

a. In general, only one to four leads (wires) should be run without using cable (1 to 4 leads of wire should not be run in cable racks). 
b. Use PVC CBL, 20, 22 or 24 gauge solid copper conductor 
· Wire run in conduit: 

a. THWN, THW or THHN for AC applications
b. XHHW, RHH, RHW, THHN and THWN for DC applications 
c. Refer to Technical Publication 77385 “Power Equipment and Engineering Standards” Issue J, July 2013 for additional engineering requirements regarding wires run in conduit
· Surface wiring is run loose and dressed near or against the mounting plate or panel, or adjacent to the plane of the mounting surface. The colors commonly used are: 
	Green - 
	Ground wiring 

	Red - 
	Only allowed in in-bay wiring and in Prem locations where power wire is brought to CenturyLink, and must be labeled at both ends for polarity when the wire belongs to CenturyLink (except for legacy RUS offices where the red and black are very common)

	
	


While other colors may be used on positive or negative leads, if the colors are different for positive and negative, the gray is preferred for the grounded return side (usually positive) in traditional gray and black power cable offices, while red and black are commonly used in traditional RUS offices.
10.3.6 Cross - connect Wire 
The following table reflects the recommended standard colors and recommended connecting and connector block termination connection types for Distributing Frames within the Network Facility DF Network (note: follow suite with existing frame wire gauge and connection type, where applicable.)
Distributing frame wire shall consist of DT type solid conductor hook-up wire (tinned copper with irradiated polyvinyl chloride (IPVC) insulation.
	
	

	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Table 10.1

Distributing Frame Cable
	Wire Type
	Wire

gauge
	Insulation Color


	Service Circuit


	Framework type / Block connection type



	Single
	24 GA
	BK (black)
	Misc. lead single
	Modular / quick-clip, Small Conventional/ wire-wrap

	1 Pair- twisted
	24 GA
	Y/BL (yellow/blue)
	POTS
	Modular / quick-clip, Small Conventional / wire-wrap

	1 Pair- twisted
	24 GA
	Y/R 

(yellow/red)
	Specials
	Modular / quick-clip, Small Conventional / wire-wrap

	1 Pair- tight- twist (cat5)
	24 GA
	V / BL

(violet/blue) (violet/green pending)
	DSLAM 
	Modular / quick-clip, Small Conventional / wire-wrap

	2 Pair- twisted
	24 GA
	Y/R 

(yellow / red)    

 2 pair
	Specials (4WR) , use 2 pair
	Modular / quick-clip

	Single
	22 GA
	S (slate)
	Misc. lead single
	Large Conventional / wire-wrap

	1 Pair- twisted
	22 GA
	W / BL 

(white/blue)
	POTS
	Large Conventional / wire-wrap

	1 Pair- twisted
	22 GA
	W/R 

(white/red)
	Specials
	Large Conventional / wire-wrap

	1 Pair- tight-twist (cat5)
	22 GA
	V/BL 

(violet/blue)
	DSLAM
	Large Conventional / wire-wrap

	2 Pair- twisted
	22 GA
	W/R 

(yellow/red)

2 pair
	Specials (4WR), when transmit-receive separation required
	Large Conventional / wire-wrap

	2 Pair- twisted quad
	22 GA
	W/BL/R/G 

(white/blue/red /green)
	Specials (4WR), when transmit-receive separation not required
	Large Conventional / wire-wrap


Refer to Chapter 3 in Technical Publication 77351 for additional details regarding distributing frame cabling.
10.4 
Fiber Optic Cable

10.4.1

General Fiber Cable Requirements
The following general requirements apply to all indoor fiber optic cable assemblies used within a CenturyLink network facility.
· Third party independent testing and compliance to GR-326, GR-409, applicable sections of GR-20 are required for all indoor, indoor/outdoor and armored fiber cable assemblies.
· Buffered riser OFNR rated fiber cables, third party independent tested and compliant to UL-1666 flammability rating, shall be used within CenturyLink indoor environments.
· Buffered plenum OFNP rated fiber cables, third party independent tested and compliant to NFPA-262 flammability rating, shall be used within CenturyLink indoor environments where cable routing is in an air supply or return system. 
· Indoor/Outdoor rated fiber entrance cable third party independent tested and compliant to UL-1666 for OFNR or NFPA-262 for OFNP may be used to extend into the network facility environment beyond the 50 sheathed foot rule.
· Armored Cable assemblies, third party independent tested and compliant to UL-1666 for OFNR or NFPA-262 for OFNP fiber subunits, may be used in network facilities that require a minimal number of fiber cable runs and cannot accommodate the construction of a cable support system such as cable rack or fiber duct.
· Outside Plant (OSP) cables do not have the required American National Standards Institute (ANSI) ratings and will not be run in the network facility environment. 

· All indoor general purpose fiber shall be factory connectorized assemblies. The exception is a stub end cable intended to be fusion spliced within an approved fiber splice facility. Use of ‘Splice-On’ connectors is approved for maintenance activities only due to varying quality and increasing speed and bandwidth requirements.
·  Field installed connectors shall not be considered as a means to change connector type for an incorrectly ordered cable assembly. In these instances the cable shall be returned to the manufacturer and the correct assembly reordered. 
· General purpose fiber cables to be terminated to an FDP, OPP or at the FDF lineup shall be equipped with SC- Ultra Physical Contact (UPC) polish connectors per the CenturyLink Fiber Connector Policy. 
Use of single-mode SC- Angled Physical Contact (APC) polish is permissible where circuit protocols dictate. If the circuit design criteria has not specified UPC or APC polish requirements, the adapter type shall default to UPC. Refer to the CenturyLink Fiber Connector Policy for details. 
· All CenturyLink fiber provisioning shall be terminated to a CenturyLink network facility FDP, OPP or at the FDF lineup equipped with single mode connectors per the published CenturyLink Fiber Connector Policy. Provisioning at customer locations may require multi-mode connectivity.
For CenturyLink general purpose infrastructure applications, the use of multi-mode fiber and connectors have a distance limitation and are confined to within an equipment bay, cabinet or system and must be authorized by the Standard Configuration document for the specific equipment device. Due to modal dispersion and high optical and return loss characteristics, multi-mode fiber will not support optimum Network Reliability. 
· Multi-count fiber cables shall be used wherever possible to consolidate multiple cable runs originating and terminating in the same locations  
· Using multi-count fiber cables saves cable installation expense, provide additional protection in the overhead cable racks and reduce cable congestion. 
10.4.2 

Fiber Entrance Cable 
To accommodate future growth for interconnecting fiber services, all new interoffice and loop fiber will be terminated onto the Fiber Distribution Frame (FDF). 

Fiber entrance cable must adhere to several requirements: 

· Outdoor rated fiber entrance cable must be spliced and converted to OFNR rated indoor fiber cable within 50 sheathed feet of the cable’s entrance from an outside wall. 
· Refer to Chapter 3, Section 4 for additional details regarding fiber cabling requirements from the outside wall.
• An orange, panned and bracketed ladder type cable rack shall be used to support the fiber optic cable from the fiber entrance facility to the FDF (or FSF where applicable) and from the FSF to the FDF. Refer to chapter 6 for additional cable rack requirements.

Note: Fiber optic cable will not be run through holes used to distribute cables into a conventional Distributing Frame (DF), even if the hole is not shared with copper cable. Placing fiber cable on the main frame exposes the fiber to the high fuel load of the main frame. 
10.4.3 

Inner-duct 

Plastic type inner-duct or coreflex products that do not pass NEC standards for fire propagation and smoke emission levels will not be used inside any CenturyLink network facility on a going forward basis.
Existing inner-duct that do not meet NEC standards will be terminated in the cable entrance facility and plugged for gas protection at the entrance to the building. As existing inner-duct is vacated, it will not be reused, but will be removed from the building as soon as possible. Existing inner-duct can also be removed during trigger events, such as the re-terminating of fiber cables onto the FDF. 
Plastic enclosures that do not meet NEBS level 3 fire rating, such as splice cases and terminal boxes, must be enclosed in a fire resistant wrap called a fire "blanket". 
All existing inner-duct inventory shall be evaluated by the CenturyLink Strategy and Development representative responsible for Network Facility fiber products. Contact the Strategy and Development group if an evaluation is necessary.
10.4.4 

Bend Radius 

Fiber optic cable must maintain a minimum bend radius to fulfill transmission requirements, minimize signal degradation, and maintain cable integrity. The bend radius must be preserved at all times; this includes but is not limited to vertical drops and horizontal changes in level. 

· Fiber cables shall maintain a minimum bend radius recommended by the cable manufacturer, or if not specified, equal to 10 times the outer diameter at no tensile load. 
Care must be taken to size cable rack/fiber duct and transition fittings appropriately to accommodate increased bend radius requirements when larger multi-count cables are planned. Most fiber duct systems are not designed to accommodate the sweeping bend radii required for multi-count cables constructed with central strengthening units. Congestion and blocked cable paths are inevitable when multiple multi-count fiber cables greater than 12 fibers and constructed with a central strength unit are placed within the same fiber duct system. 
10.4.5

Measuring and Ordering
Network Facilities are not equipped to manage large volumes of excess fiber cable length, therefore ordering the site specific lengths optimizes network capacities.  Ordering fiber cables longer than the required length increases costs to the corporation by the additional need to provision adequate fiber management devices and increases the potential combustible material in the network facility. When proper fiber management devices are not installed, managing excess cable slack becomes problematic and could negatively impact Network Reliability.
· General purpose fiber cables shall always be ordered to the length required for the site specific cable route or application, rounded up to the nearest whole meter. 
· Wherever possible, field measurements shall be taken for each cable route prior to detail engineering and material ordering and must account for all rise and run elevation changes throughout the cable route path. 
10.4.6 
Securing 

· Securing the indoor, inter-office, fiber optic cable assembly to the gray horizontal or vertical and the orange vertical ladder type cable rack shall follow a standard procedure. Fiber cable assemblies will be wrapped with fiber sheeting where it is tied with cord to every cable rack cross member (strap) on vertical runs and every fourth cross strap on horizontal runs. 
· Fiber cable must be closely monitored for possible cable crimping where it is tied. 

· Where securing is required, approved cable clamps or fiber sheeting and lacing cord shall be used.

· Cable ties are prohibited on any type of fiber optic cable. 
· Fiber optic cables will not be secured within the FPS. 
10.4.7 

Intra-System Fiber Optic Cable Routing
· A system is defined as a dedicated, multiple adjacent bays or cabinets of telecommunication equipment performing a specific function and carrying the same Network CLLI code. One bay or cabinet does not constitute a system. 

· All Equipment to Equipment connections will be routed from the Network Element (NE) to the centralized Fiber Distribution Frame (FDF) for cross-connect when the FDF is an established cross-connect arrangement. Refer to Chapter 3 for fiber cross-connect systems.
· Direct inter-connection between NEs is permissible for network facilities with an establish interconnect FDF
· Direct inter-connection between optical interfaces in different bays or cabinets by- passing the centralized cross-connect FDF is only permissible when the interconnecting equipment is defined as a system and contains a purposefully designed fiber routing path or is specifically identified within the Standard Configuration document for the given equipment. 
· Fiber optic cable internal to a switch or system must be clearly and uniquely labeled to allow for identification, maintenance, and to protect the cable from damage. 

· Any specific arrangements for intra-system fiber optic cable must be approved and identified in CenturyLink Standard Configuration documents prior implementation. 
10.4.8

Fiber Only Cable Rack 
The approved orange, panned and bracketed ladder type cable rack is the standard support medium for all new inter-office fiber riser (OFNR) cable installations. Refer to chapter 6 for cable rack information.

10.4.9 

Fiber Management 
The success of any equipment with fiber terminations is dependent on effective fiber cable management. Pinched fiber cables, micro and macro bends, and stress points, can lead to intermittent transmission problems and increased signal attenuation which negatively impacts network reliability. Sensitivity to signal attenuation becomes an increasing concern as higher speed/bandwidth circuits are introduced across the fiber network.
· All excess cable slack (multi-fiber cables and/or equipment fiber jumpers) shall be managed within an approved fiber management device specifically designed for fiber cable storage of the cable size being installed.  
· Storage of excess cable slack within the fiber cable support system (e.g. cable rack or fiber duct) is strictly prohibited. 
· Storage of excess cable length in the cable rack/fiber duct systems prematurely exhaust the support system, create cable route obstructions, increase the vertical load of the support system, introduce macro bending and pinched fibers and increases the potential combustible material in the network facility all of which negatively impact Network Reliability.  
· When deploying fiber termination panels or fiber fed equipment technologies for any application, engineering shall consider placement of additional fiber management devices to effectively manage excess fiber cable lengths. 
Some of the equipment devices are equipped with fiber management spools mounted within the panel or shelf with the assumption that not all cables will have slack. Often, these spools provide a minimal amount of storage and an additional storage device will be required to manage all the potential excess cable associated for future terminations.
Fiber cable storage devices can be configured in the vertical space adjacent to a bay frame, such as an IMP spacer (a network spacer with fiber spools mounted on the filler panel) or in the horizontal space within the equipment bay or cabinet. Choosing the appropriate storage device is dependent on the available space and ultimate storage capacity required. Often, appropriate fiber storage devices are recommended for a given technology deployment and are documented in the Standard Configuration guide. 
· Most shelf or panel style fiber management devices are designed to support the bend radius of 2.0mm jacketed fiber and less (this includes single and dual cable assemblies). The outer cable sheath of Quad fiber assemblies should be stripped back and removed to allow individual jacketed single fibers to enter the equipment shelf 
· Multi-fiber cable assemblies (≥4 fibers) constructed with bend-optimized fiber may be routed through vertical fiber management style spacers (IMP/FOT/FOTSP) if fiber storage is required. In these applications the outer cable sheath of the multi-fiber cable assembly shall be stripped back and removed to the last tie point as the cable transitions off the cable rack. Only the exposed jacketed fiber subunits containing bend-optimized fiber are permitted to enter the vertical storage device for storage using the dowels. Multi-fiber cable assembly subunits shall never be routed through shelf/panel style fiber management devices as they are not designed for cables that large.
· 900µm and 250µm buffered fibers shall always be stored within the equipment chassis or fiber panel. These are typically equipped in breakout/fanout style cable assemblies. Storage of buffered fibers outside of the panel places the fibers at significant risk for damage and could negatively impact service and Network Reliability.
10.4.10 
Fire and Electrical Requirements for Optical Fiber Cables 

All optical fiber cables and any raceway containing them will be resistant to the spread of fire and to specific levels of smoke emissions. 
· Exceptions are for existing fiber cables within a metallic conduit.
All fiber cable racks will be fire and smoke stopped when passing through walls, floors and ceilings. FPS will not pass through walls, floors or ceilings. 

Only the following cables may be installed as riser, plenum or general purpose cables with special protection: 

· Optical Fiber Nonconductive Riser (OFNR) and Optical Fiber Conductive Riser (OFCR) cables are required for use in horizontal runs, vertical runs, shaft-to-shaft, or floor-to-floor applications. 
· Optical Fiber Nonconductive Plenum (OFNP) and Optical Fiber Conductive Plenum (OFCP) cables are required for use in drop ceilings, raised floors, plenums and other space used for network facility environmental air. 
· Optical Fiber Nonconductive (OFN) and Conductive (OFC) cables are suitable for general purpose use, but shall not be installed as riser or plenum in a network facility environment. 
· Outside Plant (OSP) cables do not have the required American National Standards Institute (ANSI) ratings and will not be run in the network facility environment. 

· Conduit, including the inner-duct through which the cable enters the vault, must be plugged to prevent water, gas, and vapors from seeping into the cable entrance facility. The inter-building cable rack must be firestopped at each floor or wall. If conductive cable is used, the sheath or metallic strength member must be bonded and grounded at the CEF. See CenturyLink Technical Publication 77355, "Grounding - Central Office and Remote Equipment Environment" for additional engineering requirements. 

· Only intermediate and rigid metallic conduit may be used as vertical or horizontal raceways in extreme situations for cable that does not meet fire propagation and smoke emissions standards. 
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