[bookmark: _Toc86658690]FIBER OPTIC CABLE, SINGLE MODE (KDOT)
Updated: 06/11/2025

Description
[bookmark: _Hlk192689418]The Contractor shall furnish and install loose-tube, single-mode, fiber optic cable of the number of fibers as specified and shown in the plans and as directed by the Engineer.

Other ancillary components, required to complete the fiber optic cable plant, including but not limited to, moisture and water sealants, cable caps, fan-out kits, terminations and termination panels, etc., shall be included in the cost of fiber optic cable and will not be paid for separately.

Materials
[bookmark: _Hlk192689463]The single-mode, fiber optic cable shall incorporate a loose, buffer-tube design. The cable shall be an accepted product of the United States Department of Agriculture Rural Utilities Service (RUS) 7 CFR 1755.900 and meet the requirements of ANSI/ICEA Standard for Fiber Optic Outside Plant Communications Cable. 

Fibers
[bookmark: _Hlk192689479]The cable(s) shall use dispersion unshifted fibers.  The optical and physical characteristics of the un-cabled fibers shall include:

The single-mode fiber shall meet EIA/TIA-492CAAA, "Detail Specification for Class IVa
Dispersion-Unshifted Single-Mode Optical Fibers," and ITU recommendation G.652.D,
“Characteristics of a single-mode optical fiber cable.”

	[bookmark: _Hlk192689496]Physical Construction

	Requirement
	Units
	Value

	Cladding Diameter 
	(μm)
	125.0 ± 0.7 

	Core-to-Cladding Concentricity 
	(μm)
	≤ 0.5 

	Cladding Non-Circularity 
	
	≤ 0.7 % 

	Mode Field Diameter 
	1310 nm 
	(μm)
	9.2 ± 0.4 

	
	1550 nm 
	
	10.4 ± 0.5 

	Coating Diameter 
	
	(μm)
	245 ± 5 

	Colored Fiber Nominal Diameter 
	(μm)
	253 - 259 

	Fiber Curl radius of curvature 
	(m)
	> 4.0 m 





	[bookmark: _Hlk192689505]Optical Characteristics

	Requirement
	
	Units
	Value

	Cabled Fiber Attenuation 
	1310 nm 
	(dB/km)
	≤ 0.4 

	
	1550 nm 
	
	≤ 0.3 

	Point discontinuity
	1310 nm 
	(dB)
	≤ 0.1 

	
	1550 nm 
	
	≤ 0.1 

	Macrobend Attenuation
	Turns
	Mandrel OD
	(dB)
	

	
	1
	32 ± 2 mm 
	
	< 0.05 at 1550 nm 

	
	100
	50 ± 2 mm 
	
	< 0.05 at 1310 nm 

	
	100
	50 ± 2 mm 
	
	< 0.10 at 1550 nm 

	
	100
	60 ± 2 mm 
	
	< 0.05 at 1550 nm 

	
	100
	60 ± 2 mm 
	
	< 0.05 at 1625 nm 

	Cable Cutoff Wavelength ( λ ccf ) 
	(nm)
	< 1260 

	Zero Dispersion Wavelength (λo) 
	(nm)
	1302 ≤ λo ≤ 1322 

	Zero Dispersion Slope (So) 
	(ps/(nm²•km))
	≤ 0.089 

	Total Dispersion 
	1550 nm
	(ps/(nm•km))
	≤ 3.5

	
	1285-1330 nm
	
	≤ 17.5

	
	1625 nm 
	
	≤ 21.5 

	Cabled Polarization Mode Dispersion 
	(ps/km-2 )
	≤ 0.2 

	IEEE 802.3 GbE - 1300 nm Laser Distance 
	(m)
	up to 5000 

	Water Peak Attenuation: 1383 ± 3 nm 
	(dB/km)
	≤ 0.4 



Cable Construction
[bookmark: _Hlk192689562]The number and type of fibers in each cable shall be as specified on the plans.

Optical fibers shall be placed inside a loose buffer tube. The nominal outer diameter of the buffer tube shall be 3.0 mm.  Each buffer tube shall contain up to 12 fibers.  The fibers shall not adhere to the inside of the buffer tube.

Each fiber shall be distinguishable by means of color coding in accordance with TIA/EIA-598-B, "Optical Fiber Cable Color Coding." The fibers shall be colored with ultraviolet (UV) curable inks.

Buffer tubes containing fibers shall be color coded with distinct and recognizable colors in accordance with TIA/EIA-598-B, "Optical Fiber Cable Color Coding." Buffer tube colored stripes shall be inlaid in the tube by means of co-extrusion when required. The nominal stripe width shall be 1 mm.

For cables containing more than 12 buffer tubes, standard colors are used for tubes 1 through 12 and stripes are used to denote tubes 13 through 24. The color sequence applies to tubes containing fibers only and shall begin with the first tube. If fillers are required, they shall be placed in the inner layer of the cable. The tube color sequence shall start from the inside layer and progress outward.

In buffer tubes containing multiple fibers, the colors shall be stable across the specified storage and operating temperature range and shall not be subject to fading or smearing onto each other. Colors shall not cause fibers to stick together.

The buffer tubes shall be resistant to external forces and shall meet the buffer tube cold bend and shrinkback requirements of 7 CFR 1755.900.

Fillers may be included in the cable core to lend symmetry to the cable cross-section where needed. Fillers shall be placed so that they do not interrupt the consecutive positioning of the buffer tubes. In dual layer cables, any fillers shall be placed in the inner layer. Fillers shall be nominally 2.5 mm or 3.0 mm in outer diameter.

The central member shall consist of a dielectric, glass reinforced plastic (GRP) rod (optional steel central member). The purpose of the central member is to provide tensile strength and prevent buckling. The central member shall be overcoated with a thermoplastic when required to achieve dimensional sizing to accommodate buffer tubes/fillers.

Each buffer tube shall contain a water-swellable yarn for water-blocking protection. The water-swellable yarn shall be non-nutritive to fungus, electrically non-conductive, and homogeneous. It shall also be free from dirt or foreign matter. This yarn will preclude the need for other water-blocking material; the buffer-tube shall be gel-free.  The optical fibers shall not require cleaning before placement into a splice tray or fan-out kit.

Buffer tubes shall be stranded around the dielectric central member using the reverse oscillation, or "S-Z", stranding process.

Water swellable yarn(s) shall be applied longitudinally along the central member during stranding.

Two polyester yarn binders shall be applied contra helically with sufficient tension to secure each buffer tube layer to the dielectric central member without crushing the buffer tubes. The binders shall be non-hygroscopic, non-wicking, and dielectric with low shrinkage.

For single layer cables, a water swellable tape shall be applied longitudinally around the outside of the stranded tubes/fillers. The water swellable tape shall be non-nutritive to fungus, electrically non-conductive, and homogenous. It shall also be free from dirt and foreign matter.

For dual layer cables, a second (outer) layer of buffer tubes shall be stranded over the original core to form a two-layer core. A water swellable tape shall be applied longitudinally over both the inner and outer layer. The water swellable tape shall be non-nutritive to fungus, electrically non-conductive, and homogenous. It shall also be free from dirt and foreign matter.

The cables shall contain one ripcord under the sheath for easy sheath removal.
 
Tensile strength shall be provided by the central member, and additional dielectric aramid yarn as required.

The dielectric yarns shall be helically stranded evenly around the cable core.

The cables shall be sheathed with medium density polyethylene (MDPE). The minimum nominal jacket thickness shall be 1.4 mm. Jacketing material shall be applied directly over the tensile strength members (as required) and water swellable tape. The polyethylene shall contain carbon black to provide ultraviolet light protection and shall not promote the growth of fungus.

The MDPE jacket material shall be as defined by ASTM D1248, Type II, Class C, Category 4 and Grades J4, E7 and E8.

The jacket or sheath shall be free of holes, splits, and blisters.

The cable jacket shall contain no metal elements and shall be of a consistent thickness.

Cable jackets shall be marked with the manufacturer’s name, month and year of manufacture, sequential meter or foot markings, a telecommunication handset symbol as required by Section 350G of the National Electrical Safety Code (NESC), fiber count, and fiber type. The actual length of the cable shall be within -0/+1% of the length markings. The print color shall be white, with the exception that cable jackets containing one or more co-extruded white stripes, which shall be printed in light blue. The height of the marking shall be approximately 2.5 mm.

The maximum pulling tension shall be 2700 N (608 lbf) during installation (short term) and 890 N (200 lbf) long term installed.

The shipping, storage, and operating temperature range of the cable shall be -40°C to +70°C. The installation temperature range of the cable shall be –30°C to +70°C.

General Cable Performance Specifications
[bookmark: _Hlk192689613]The fiber optic cable manufacturer shall provide documentation and certify that the fiber optic cable complies with the following EIA-455-xxx Fiber Optic Test Procedures (FOTP):

When tested in accordance with FOTP-3, "Procedure to Measure Temperature Cycling Effects on Optical Fibers, Optical Cable, and Other Passive Fiber Optic Components," the change in attenuation at extreme operational temperatures (-40°C and +70°C) shall not exceed 0.15 dB/km at 1550 nm for single-mode fiber and 0.3 dB/km at 1300 nm for multimode fiber.

When tested in accordance with FOTP-82, "Fluid Penetration Test for Fluid-Blocked Fiber Optic Cable," a one meter length of unaged cable shall withstand a one meter static head or equivalent continuous pressure of water for one hour without leakage through the open cable end.

When tested in accordance with FOTP-81, "Compound Flow (Drip) Test for Filled Fiber Optic Cable," the cable shall exhibit no flow (drip or leak) of filling and/or flooding material at 70°C.

When tested in accordance with FOTP-41, "Compressive Loading Resistance of Fiber Optic Cables," the cable shall withstand a minimum compressive load of 220 N/cm (125 lbf/in) applied uniformly over the length of the sample. The 220 N/cm (125 lbf/in) load shall be applied at a rate of 2.5 mm (0.1 in) per minute. The load shall be maintained for a period of 1 minute. The load shall then be decreased to 110 N/cm (63 lbf/in). Alternatively, it is acceptable to remove the 220 N/cm (125 lbf/in) load entirely and apply the 110 N/cm (63 lbf/in) load within five minutes at a rate of 2.5 mm (0.1 in) per minute. The 110 N/cm (63 lbf/in) load shall be maintained for a period of 10 minutes. Attenuation measurements shall be performed before release of the 110 N/cm (63 lbf/in) load. The change in attenuation shall not exceed 0.15 dB at 1550 nm for single-mode fibers and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-104, "Fiber Optic Cable Cyclic Flexing Test," the cable shall withstand 25 mechanical flexing cycles around a sheave diameter not greater than 20 times the cable diameter. The change in attenuation shall not exceed 0.15 dB at 1550 nm for single-mode fiber and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-25, "Repeated Impact Testing of Fiber Optic Cables and Cable Assemblies," except that the number of cycles shall be two at three locations along a one meter cable length and the impact energy shall be atleast 4.4 Nm (in accordance with ICEA S-87-640)”, the change in attenuation shall not exceed 0.15 dB at 1550 nm for single-mode fiber and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-33, "Fiber Optic Cable Tensile Loading and Bending Test," using a maximum mandrel and sheave diameter of 560 mm, the cable shall withstand a rated tensile load of 2670N (601 lbf) and residual load of 30% of the rated installation load. The axial fiber strain shall be ≤ 60% of the fiber proof level after completion of 60-minute conditioning and while the cable is under the rated installation load. The axial fiber strain shall be ≤ 20% of the fiber proof level after completion of 10-minute conditioning while the cable is under the residual load. The change in attenuation at residual load and after load removal shall not exceed 0.15 dB at 1550 nm for single mode fiber and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-85, "Fiber Optic Cable Twist Test," a length of cable no greater than 2 meters shall withstand 10 cycles of mechanical twisting. The change in attenuation shall not exceed 0.15 dB at 1550 nm for single-mode fiber and 0.30 dB at 1300 nm for multimode fiber.

When tested in accordance with FOTP-37, "Low or High Temperature Bend Test for Fiber Optic Cable," the cable shall withstand four full turns around a mandrel of ≤ 20 times the cable diameter after conditioning for four hours at test temperatures of -30°C and +60°C. Neither the inner or outer surfaces of the jacket shall exhibit visible cracks, splits, tears, or other openings. The change in attenuation shall not exceed 0.30 dB at 1550 nm for single mode fiber and 0.50 dB at 1300 nm for multimode fiber.

Quality Assurance Provision
[bookmark: _Hlk192689664]All cabled optical fibers > 1000 meters in length shall be 100% attenuation tested. The attenuation of each fiber shall be provided with each cable reel.  The cable manufacturer shall be TL 9000 registered.

Packaging
[bookmark: _Hlk192689679]Top and bottom ends of the cable shall be available for testing.  Both ends of the cable shall be sealed to prevent the ingress of moisture.  Each reel shall have a weather resistant reel tag attached identifying the reel and cable.  The reel tag shall include the following information:

· Cable Number
· Gross Weight
· Shipped Cable Length in Meters
· Job Order Number
· Product Number
· Customer Order Number
· Date Cable was Tested
· Manufacturer Order Number
· Cable Length Markings
a: Top (inside end of cable)
b: Bottom (outside end of cable)

The reel (one flange) marking shall include:
· Manufacturer
· Country of origin
· An arrow indicating proper direction of roll when handling
· Fork lift-handling illustration
· Handling Warnings.

Each cable shall be accompanied by a cable data sheet.  The cable data sheet shall include the following information:
· Manufacturer Cable Number
· Manufacturer Product Number
· Manufacturer Factory Order Number
· Customer Name
· Customer Cable Number
· Customer Purchase Order Number
· Mark for Information
· Ordered Length
· Maximum Billable Length
· Actual Shipped Length
· Measured Attenuation of Each Fiber

The cable shall be capable of withstanding a minimum-bending radius of 20 times its outer diameter during installation and 10 times its outer diameter during operation without changing the characteristics of the optical fibers.

The cable shall meet all of the specified requirements under the following conditions:
· Shipping/storage temperature: -58° F to +158° F (-50° C to +70° C)
· Installation temperature: -22° F to +158° F (-30° C to +70° C)
· Operating temperature: -40° F to +158° F (-40° C to +70° C)
· Relative humidity from 0% to 95%, non-condensing

Cabinet cable terminations
[bookmark: _Hlk199506268]The contractor shall terminate the number of fibers at the locations shown on the plans or as directed by the Engineer. The cable terminations shall include the following components:

Fan-out Kit
A buffer tube fan-out kit shall be installed when fiber optic cables are terminated. The kit shall be compatible with the fiber optic cable being terminated and shall be color-coded to match the optical fiber color scheme. The buffer tube fan-out kit shall support 12 fiber strands, and the output tubing and the fiber strands contained therein shall be of sufficient length for routing and attachment of fiber optic cable to connected electronics or as directed by the engineer. The kit and the connectors shall be supplied by the same manufacturer.

Connectors
The optical connectors shall comply with the following:
· All connectors shall be factory installed LC compatible connectors. Field installed connectors shall not be allowed.
· [bookmark: _Hlk199506654]Maximum attenuation 0.4dB, typical 0.2dB.
· No more than 0.2dB increase in attenuation after 1000 insertions.
· Attenuation of all connectors will be checked and recorded at the time of installation with an insertion test minimum 5 times checked with an OTDR.
· All fibers shall be connectorized at each end.
· All fibers shall terminate at a fiber patch panel
· [bookmark: _Hlk199506691]Unused fibers will be protected with a plastic cap to eliminate dust and moisture.

Fiber Optic Interconnect Center
[bookmark: _Hlk199496250]The fiber optic interconnect center shall be a Corning WIC-024 (48 Port) or CCH-04U (48 Port) or approved equivalent. The connector panels shall be populated with six (6) duplex LC connectors. The fiber optic interconnect center shall be furnished with number of fusion splice trays needed to accommodate the terminations specified on the plans or as directed by the engineer and shall be included as part of this item.

All bulkhead connectors / adapters shall be labeled with the fiber numbers and direction (i.e. 13-14N, 1-2W, etc.) with a laminated machine printed label.

Terminate Fiber in cabinet and/or KDOT facility
[bookmark: _Hlk199506330]All fiber terminations shall be performed at the locations shown on the plans or as directed by the Engineer. The terminations shall utilize prefabricated, factory-terminated (LC compatible with ceramic ferrules) fan-out kit fusion spliced to bare fibers. All fusion splices shall be secured on splice trays capable of accommodating the required number of fusion splices, including necessary splice holders and a compatible splice tray cover within the fiber optic interconnect center. The tray(s) shall be mounted within the fiber optic interconnect center using suitable hardware that allows removal for maintenance purposes without the use of tools. All individual splice trays shall be labelled.

The quality of all fiber splices and terminations shall be verified by OTDR and power meter testing and documented per the testing requirements below. 

All bulkhead connectors / adapters shall be labeled with the fiber numbers and direction (i.e. 13-14N, 1-2W, etc.) with a laminated machine printed label.

Construction Requirements

Experience Requirements
[bookmark: _Hlk192689903]Personnel involved in the installation, splicing and testing of the fiber optic cables shall meet the following requirements:

1. A minimum of three (3) years experience in the installation of fiber optic cables, including fusion splicing, terminating and testing single mode fibers.

1. Install two systems where fiber optic cables are outdoors in conduit and where the systems have been in continuous satisfactory operation for at least two years. The Contractor shall submit as proof, photographs or other supporting documents, and the names, addresses and telephone numbers of the operating personnel who can be contacted regarding the installed fiber optic systems.

1. One fiber optic cable system (which may be one of the two in the preceding paragraph), which the Contractor can arrange for a demonstration to the Department representatives and the engineer.

Installers shall be familiar with the cable manufacturer’s recommended procedures for installing the cable.  This shall include knowledge of splicing procedures for the fusion splicer being used on this project and knowledge of all hardware such as breakout (furcation) kits and splice closures.  The Contractor shall submit documented procedures to the Engineer for approval and to be used by Construction inspectors.

Personnel involved in testing shall have been trained by the manufacturer of the fiber optic cable test equipment to be used in fiber optic cable testing procedures.  Proof of this training shall be submitted to the Engineer for approval.  In addition, the Contractor shall submit documentation of the testing procedures and a copy of the test equipment operation manual for approval by the Engineer.

Installation in Raceways
[bookmark: _Hlk192689933]Prior to installation, the Contractor shall provide a cable-pulling plan.  The plan shall include the following information:

· Identify where each cable will enter the underground system and the direction of each pull.
· Identify locations where the cable is pulled out of a vault, coiled in a figure eight, and pulled back into the hand hole.
· The plan shall address the physical protection of the cable during installation and during periods of downtime.
· Identify the location of slack storage locations
· Identify the locations of splices.
· Identify distances between fiber access points and crossings.

The cable-pulling plan shall be provided to the Engineer for approval a minimum of 15 working days prior to the start of installation.  The Engineer’s approval shall be for the operation on County roadways and does not include an endorsement of the proposed procedures.  The Contractor is responsible for the technical adequacy of the proposed procedures.

During cable pulling operations, the Contractor shall ensure that the minimum bending radius of the cable is maintained during the unreeling and pulling operations.  Unless specified otherwise by the fiber optic cable manufacturer, the outside bend radius of the cable during installation shall be no less than 20 times the outside diameter of the fiber optic cable.  Entry guide chutes shall be used to guide the cable into the handhole conduit ports.  Lubricating compound shall be used to minimize friction.  Corner rollers (wheels), if used, shall not have radii less than the minimum installation-bending radius of the cable.  A series array of smaller wheels can be used for accomplishing the bend if the cable manufacturers specifically approve the array.

If figure-eight techniques are used during cable installation, the cable shall be handled manually and stored on the ground.  The cable shall be placed on tarps to prevent damage from gravel, rocks, or other abrasive surfaces. Tarps should also be used in muddy conditions to keep the cable clean.  Enough area to accommodate the cable length to be stored and sufficient personnel to maintain the required minimum-bending diameter as well as avoid kinking or otherwise damaging the cable shall be provided. If the cable has been figure-eighted in preparation for a forward feed, the figure-eight must be flipped over to access the outside cable end. Provide sufficient personnel to avoid kinking the cable as the figure-eight is flipped over. When removing the cable from the figure-eight, use care to avoid kinking the cable and violating the minimum-bending diameter.

Power assisted or figure-eight eliminator equipment, which is used to eliminate manual figure-eight procedures, shall not be used unless specifically allowed by the cable manufacturer in writing.

The pulling tension shall be continuously measured and shall not be allowed to exceed the maximum tension specified by the manufacturer of the cable.  A dynamometer or in-line tensiometer shall be used to monitor tension in the pull-line near the winch.  This device must be visible to the winch operator or used to control the winch.  The pulling system shall have an audible alarm that sounds whenever a pre-selected tension level is reached.  Tension levels shall be recorded continuously and shall be given to the engineer as well as included in the record drawing package.

The use of a breakaway link (swivel) may be used to ensure that the maximum tension of the cable is not exceeded.  Breakaway links react to tension at the pulling eye and shall not be used in lieu of tension measuring devices.  All pulling equipment and hardware which will contact the cable during installation must maintain the cable’s minimum bend radius. Equipment including sheaves, capstans, bending shoes, and quadrant blocks shall be designed for use with fiber optic cable.

The cable shall be pulled into the conduit as a single component, absorbing the pulling force in all tension elements.  The central strength member and Aramid yarn shall be attached directly to the pulling eye during cable pulling. "Basket grip” type attachments, which only attach to the cable’s outer jacket, shall not be permitted.  A breakaway swivel, rated at 95% of the cable manufacturer’s approved maximum tensile loading, shall be used on all pulls. When simultaneously pulling fiber optic cable with other cables, separate grooved rollers shall be used for each cable.

To minimize the exposure of the backbone cable and to facilitate the longer lengths of fiber optic cable, the Contractor can use a “blown cable” (pneumatically assisted) technique to place the fiber optic cable.  A Compressed air cooler shall be used when ambient air temperature reaches 90°F or more.

Where cable is to be pulled through existing conduit which contains existing cables, optical or other, the existing cables shall be removed and reinstalled with the fiber optic cable as indicated on the plans.  The removal of the cable(s) shall be paid for separately.  Reinstallation of the existing cables, if indicated on the plans, along with the fiber optic cable, shall be included in this item for payment.

Armored fiber optic cables shall be grounded as shown on the plans.

Tracer Wire
[bookmark: _Hlk192689993]Tracer wire shall be paid for separately and installed with all fiber optic cable runs as specified for Tracer Wire.

Construction Documentation Requirements
[bookmark: _Hlk192690016]Installation Practices for Outdoor Fiber Optic Cable Systems 

The Contractor shall examine the proposed cable plant design.  At least one month prior to starting installation of the fiber optic cable plant, the Contractor shall prepare and submit to the Engineer for review and approval, ten (10) copies of the Contractor’s “Installation Practices for Outdoor Fiber Optic Cable Systems” manual.  This manual shall address the Contractor’s proposed practices covering all aspects of the fiber optic cable plant.  This submittal shall include all proposed procedures, a list of installation equipment, and splicing and test equipment.  Test and quality control procedures shall be detailed as well as procedures for corrective action.

Operation and Maintenance Documentation
[bookmark: _Hlk192690046]After the fiber optic cable plant has been installed, ten (10) complete sets of Operation and Maintenance Documentation shall be provided.  The documentation shall, as a minimum, include the following:

• 	Complete and accurate as-built diagrams showing the entire fiber optic cable plant including locations of all splices.
• 	Final copies of all approved test procedures
• 	Complete performance data of the cable plant showing the losses at each splice location and each terminal connector.
• 	Complete parts list including names of vendors.

Testing Requirements

[bookmark: _Hlk174449368]The Contractor shall submit detailed test procedures for approval by the Engineer.  All fibers (terminated and un-terminated) shall be tested bi-directionally at both 1310 nm and 1550 nm with both an Optical Time Domain Reflectometer (OTDR) and a power meter with an optical source. For testing, intermediate breakout fibers may be concatenated and tested end-to-end. Any discrepancies between the measured results and these specifications will be resolved to the satisfaction of the engineer. 

Fibers which are not to be terminated shall be tested with a temporary fusion spliced pigtail fiber. Mechanical splice or bare fiber adapters are not acceptable.  

The Contractor shall provide the date, time and location of any tests required by this specification to the Engineer at least 5 working (7 calendar) days before performing the test. Included with the notification shall be a record drawing of the installed fiber optic cable system.  The drawings shall indicate actual installed routing of the cable, the locations of splices, and locations of cable slack with slack quantities identified. 

Upon completion of the cable installation, splicing, and termination, the Contractor shall test all fibers for continuity, events above 0.1 dB, and total attenuation of the cable. The test procedure shall be as follows: 

A Certified Technician utilizing an Optical Time Domain Reflectometer (OTDR) and Optical Source/Power Meter shall conduct the installation test. The test equipment used shall have been calibrated within the last two years. Documentation shall be provided. The Technician is directed to conduct the test using the standard operating procedures defined by the manufacturer of the test equipment. All fibers installed shall be tested in both directions. 

A fiber ring or fiber box shall be used to connect the OTDR to the fiber optic cable under test at both the launch and receive ends.  The tests shall be conducted at 1310 and 1550 nm for all fibers. 

At the completion of the test, the contractor shall provide copies of the documentation of the test results to the Engineer. All test results shall be provided on or the day following the test date. The contractor shall tabulate the test results and submit to the engineer and KDOT for final review and approval. Screenshots of the test results shall not be accepted. 

The test documentation shall be submitted as two bound copies and a USB Drive copy, and shall include the following:

Cable & Fiber Identification:
· Cable ID
· Cable Location – beginning and end-point
· Fiber ID, including tube and fiber color
· Wavelength 
· Date and Time
· Operator Name
· Setup Parameters
· Pulse width (OTDR)
· Refractory index (OTDR)
· Range (OTDR)
· Scale (OTDR)
Setup Option chosen to pass OTDR “deadzone” 
 
Test Results shall include:
· OTDR Test results - Including the raw test results file and the results in a .pdf format.
· Total Fiber Trace
· Measured Length (Cable Marking)
· Total Length (OTDR)
· Optical Source/Power Meter Total Attenuation (dB/km)
· Splice Loss/Gain
· Events > 0.10 dB
· OTDR Fiber Trace Viewer Software details
Sample Power Meter Tabulation:
	Power Meter Measurements (dB)

	Location
	Fiber No.
	Cable Length
	A to B
	B to A
	Bidirectional Average
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	1550 nm
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A copy of the test equipment manufacturer's software to read the test files, OTDR and power, shall be provided to KDOT. 

The following shall be the criteria for the acceptance of the cable:

The test results shall show that the dB/km loss does not exceed +3% of the factory test or 1% of the cable's published production loss. However, no event shall exceed 0.10 dB. If any event is detected above 0.10 dB, the Contractor shall replace or repair the fiber including that event point.

The total loss of the cable (dB), less events, shall not exceed the manufacturer's production specifications as follows: 0.4 dB/km at 1310 nm and 0.3 dB/km at 1550 nm.

If the total loss exceeds these specifications, the Contractor shall replace or repair the cable run at no additional cost to KDOT, including labor and materials.

Mainline or Lateral Splicing Requirements
[bookmark: _Hlk192690119]Mainline or Lateral splices shall be made at locations shown on the Plans or as directed by the Engineer. Any other splices shall be permitted only with the approval of the Engineer.  Mainline or Lateral splices will be paid for separately.  All splice locations must be identified in the Record Drawings.  Cable runs which dead-end at a handhole, communications vault, interconnect cabinet, or any other type of enclosure, shall be dead ended in a splice closure.

Slack Storage of Fiber Optic Cables
[bookmark: _Hlk192690148]The contractor shall follow the minimum requirements per IDOT section 871.04 for extra cable. Included as a part of this item, slack fiber shall be supplied as necessary to allow splicing the fiber optic cables in a controlled environment, such as a splicing van or tent.  After splicing has been completed, the slack fiber shall be stored underground in handholes, communications vaults, or in the raised base adapters of ground mounted cabinets in accordance with the fiber optic cable manufacturer’s guidelines.  Fiber optic cable slack shall be minimum of 100 feet or as shown on the plans for each cable at each splice location, above or below ground.  Fiber optic cable slack shall be a minimum of 50 feet or as shown on the plans for each cable at access points, above or below ground, where splicing is not involved.  If the innerduct is cut, the ends of the innerduct should extend beyond the first vertical rack so they can be secured at that point.  This slack shall be measured for payment.

Fiber optic cable shall be tagged inside vault with yellow tape containing the text:  "CAUTION - FIBER OPTIC CABLE."  In addition, permanent tags, as approved by the engineer, shall be attached to all cable in a vault or other break-out environment.  These tags shall be stainless steel, nominally 0.75” by 1.72”, and permanently embossed.  These tags shall be attached with stainless steel straps, and shall identify the cable number, the number of fibers, and the specific fiber count. Tags and straps shall be Panduit or approved equal. Label the destination of each cable onto the cable in each handhole, vault or cable termination panel. 

[bookmark: _Hlk192690194]Method of Measurement  
Fiber optic cable will be measured for payment in feet in place installed and tested.  Fiber optic cable will be measured horizontally and vertically between the changes in direction, including slack cable.  The entire lengths of cables installed in buildings will be measured for payment

Basis of Payment  
This work will be paid for at the contract unit price per foot for FIBER OPTIC CABLE of the number of fibers, SINGLE MODE; or FIBER OPTIC CABLE ARMORED of the number of fibers, SINGLE MODE specified.  All ancillary components including but not limited to, moisture and water sealants, cable caps, fan-out kits, terminations and termination panels, etc., shall be included in the cost of fiber optic cable and will not be paid for separately. Payment shall not be made until the cable is installed, spliced and tested in compliance with these special provisions.

