27 00 00
COMMUNICATIONS
v. 10.22
*********************************************************************************************
NTS: Use this section when the computers and software for a site’s SCADA system are in the project scope. This section shall be used when other Division 27 Specifications are used.
*********************************************************************************************
‑ GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish, install, test, start up, and place in satisfactory operation complete communication system that includes the Process Control Network (PCN) and Business Information Network (BIN).  System shall be as specified in the applicable Specifications and as shown.  System includes the following equipment:
Communication enclosures and equipment.
Communication cabling and appurtenances.
Labeling and identification.
Business Information Network and Process Control Network shall be independent and physically separated systems. 
Business Information Network to allow office computers to share data and use common equipment, such as printers, hard drives, cameras, wireless devices, etc.
Process Control Network shall allow computers to share data and use common equipment, such as Programmable Logic Controllers (PLC), Variable Frequency Drives (VFDs), power monitors, Operator Interface Terminals (OIT), Human Machine Interfaces (HMI), and Supervisory Control and Data Acquisition (SCADA).
Contractor is responsible for the work specified in this section. Work by Supplier shall not relieve Contractor of responsibility for the communication computers and computer network. 
Designing, fabricating, and implementing of communication computers and computer network and all subsystems in accordance with the Contract Documents.
Preparing, assembling, and correcting all communication computers and computer network submittals in accordance with the Contract Documents.
Proper interfacing of communication computers and computer network hardware and software. Interfacing shall be coordinated with Owner.
Supervising installation of communication computers and computer network.
Testing and start‑up of communication computers and computer network.
All warranty obligations for computers and network components.
Maintaining two reproducible copies of complete system and running software at Supplier’s facility throughout the correction period.
Related Sections:
Division 26 Electrical
Division 27 Communications
Division 40 Process Integration
QUALITY ASSURANCE

*********************************************************************************************
NTS: If Contractor and Supplier are the same entity, substitute the word “Contractor” in place of “Supplier” throughout paragraph “A”.
*********************************************************************************************
Qualifications:
Supplier shall be financially sound with at least five years continuous experience in designing, implementing, supplying, and supporting industrial control systems.
For personnel completing terminations, submit data including name, employer, experience with industrial control system installations including a list of completed installations, and the names of five references for installations completed that are similar in scope to this project.  Proven 3 years minimum experience is required. Submit proof of BICSI certification.
Component Supply and Compatibility:
Communication components shall be furnished by a single Supplier who shall have responsibility for providing complete and integrated system.
Communication components and equipment shall be products of single manufacturer, when possible, and consist of equipment models that are currently in production and supported by manufacturer.
NOT USED
NOT USED
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Manufacturer literature containing product name and model number.
Manufacturer standard catalog data for materials and equipment proposed.
Description of construction features.
Dimensions and weights.
Shop Drawings 
Drawings of proposed layout of communication network and communications, showing related equipment in relation to each other.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports 
a. Copies of the following reports shall be submitted to Engineer:  
1) Factory Test Reports
2) Installation Inspection Report. 
3) Field Testing Reports. Contractor shall have Field Testing Reports available for the Engineer during inspection.
Manufacturers’ Instructions 
Installation and mounting details, instructions, and recommendations.
Service requirements
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals (NOT USED)
Qualifications Statements 
Provide Installer qualifications and information in accordance with this Section.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
********************************************************************************************
NTS: Coordinate reference sections 01 65 00, 01 66 00, 01 78 23, 01 78 39 noted following noted in 1.3 and 1.4
*********************************************************************************************
Closeout Submittals.
Operations and Maintenance Data: Furnish operation and maintenance manuals for communication components in accordance with Section 01 78 23, Operation and Maintenance Data.  Operation and maintenance manuals shall include:
Complete list of supplied hardware parts with model numbers referenced to system part designations, including spare parts and test equipment furnished.
Copy of all approved and accepted submittals specified in this Section with revisions made to reflect actual system as tested and installed.  Include half‑size black-line copies of Shop Drawings originally on paper larger than 11 inches by 17 inches.
Complete, up‑to‑date documentation for system software.
Manufacturer originals of hardware, software, installation, assembly, and operations manuals, including:  
General descriptive information covering basic features of materials and equipment furnished. 
Description of layout and installation requirements and all environmental constraints. 
Maintenance procedures covering checkout, troubleshooting, and servicing.  Checkout procedures shall provide means to verify satisfactory operation of materials and equipment.  Troubleshooting procedures shall serve as guide in determining faulty components. Servicing procedure shall cover requirements and recommended time schedule for Supplier’s recommended preventive maintenance.
Wiring and schematic diagrams.
Safety procedures and recommendations for operation and maintenance.
Record Documentation: Comply with Section 01 78 39, Project Record Documents, and the following: 
Revise all Shop Drawings, submittals, and software documentation to reflect installed conditions.
Submit to Engineer the same number of revised submittals and documentation as operations and maintenance manuals required in Section 01 78 23, Operations and Maintenance Data.  Updated submittals and documents will replace outdated copies of submittals and documentation in the System Operation and Maintenance Manuals.  Furnish half‑size black-line drawings for all drawings larger than 11 inches by 17 inches.
Submit to Engineer original CAD file *.dwg file for all communication network connectivity with the Owner’s system.
Submit to Engineer final PDF file for all communication network connectivity with the Owner’s system.
e. Provide with record drawings submittal specific instructions regarding replacement of outdated documents.
Training Material (NOT USED)
Warranty Documentation (NOT USED)
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. (NOT USED)
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
DELIVERY, STORAGE, AND HANDLING
Packing, Shipping, Handling, and Unloading
Make all arrangements for transporting, delivering, and storing materials equipment in accordance with Section 01 65 00, Product Delivery Requirements, and requirements of the Supplier.
Communication components equipment shall be packaged at factory prior to shipment for protection during shipment and storage.  Containers shall be protected against impact, abrasion, corrosion, discoloration, and other damage.  Clearly label contents of each container and information on storage conditions required. 
Inspect all boxes, crates, and packages upon delivery to Site and notify Engineer in writing of loss or damage to materials and equipment.  Promptly remedy loss and damage to new condition in accordance with Supplier’s instructions. 
Storage and Protection:
Store communication components equipment in accordance with Section 01 66 00, Product Storage and Handling Requirements, and Supplier instructions.  Prior to shipping materials and equipment from factory, Supplier shall notify Contractor in writing of storage requirements and recommendations.  
- PRODUCTS
SYSTEM PERFORMANCE
*********************************************************************************************
NTS: For modification/rehab projects, verify that conditioned power source or ups exists and is being utilized by the Communication computers and computer network components being replaced before retaining paragraph “A.1”.  If conditioned power source exists, delete paragraph “A.1”.
*********************************************************************************************
General:
All communication computers and computer network components shall be powered from conditioned power source or Uninterruptible Power Supply (UPS) that shall provide reliable source of uninterruptible power during complete or partial interruption of incoming line power.
Tag all components with item number and nomenclature indicated on the Contract Documents.
Power Supplies:
All electrically powered equipment and devices shall be suitable for operation on 115 volt ±10 percent, 60 Hertz ±2 Hz ac power.  If different voltage or closer regulation is required, provide suitable regulator or transformer. 
Power supplies shall be suitable for minimum of 130 percent of maximum simultaneous current draw.
Environmental Conditions:
Design and construct communication computers and computer network for continuous operation under the following conditions: 
Control Rooms:
Ambient Temperature: 60 degrees F to 90 degrees F normal range; 40 degrees F to 105 degrees F occasional maximum extremes.
Relative Humidity: 80 percent normal; 95 percent maximum.
Products located indoors but outside of control rooms:  
Ambient Temperature: 40 degrees F to 120 degrees F.
Relative Humidity: 98 percent maximum. 
- EXECUTION 
INSTALLATION
Contractor shall install and connect communication system in accordance with Manufacturer’s written instructions and approved submittals.
FIELD QUALITY CONTROL
Protection during Construction.
Throughout contract, the Contractor shall provide protection for materials and equipment against loss or damage and the effects of weather.  Prior to installation, store items in indoor, dry locations.  Provide heating in storage areas for items subject to corrosion under damp conditions.  Specific storage requirements shall be in accordance with the manufacturer’s recommendations.
Panels and Panel-Mounted Equipment.
Enclosure and enclosure mounted devices shall be assembled as completely as possible at the factory or in a similar controlled environment.  No work, other than correction of minor defects or minor transit damage, shall be done on the enclosures at the job site.
Inspections.
Communications provider shall provide services of qualified service engineer to supervise and inspect equipment installation to ensure system is installed in accordance with manufacturer’s recommendations.
Communications provider shall supervise final power and communication connections to all equipment provided under this section.  For all equipment provided under this section and all other equipment interfaced by the system, the Owner shall be involved in final connections that interface to the Owner’s communication equipment.
Connections to Owner’s System
Owner’s representation shall witness connections that interface to the Owner’s System.
Provide a 7-day notice to the Owner prior to connections.
Maintenance of Shop Drawings
Contractor shall update and maintain Shop Drawing redlines daily.
Maintain in control panel, or other approved location, in clean, dry, legible condition, complete sets of the Shop Drawings for use by Contractor, Engineer, Owner and others on site.
Do not use Shop Drawings for purpose other than serving as Project record.  Do not remove Shop Drawings from control panel, or other approved area, without Engineer’s approval.
Contractor shall maintain and have on-hand the Field Testing Reports for use by Contractor, Engineer, Owner, and others on site at the time of testing and for the duration of the project.
+ + END OF SECTION + +
v. 12.20	Progress Meetings – 01 31 19.23-2
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27 05 53
IDENTIFICATION FOR COMMUNICATIONS SYSTEMS
v. 10.22
1. GENERAL
SUMMARY
Furnish all labor, materials, equipment, and incidentals required to label cabinets and appurtenances as shown on the Drawings, specified and required.  
The system includes cabinet / rack labeling, panel labeling, port labeling, cable labeling, and related appurtenances.
Related Sections
[bookmark: _Hlk482357306]*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment that a user might expect to find in this section but are specified elsewhere. Do not list administrative and procedural division 01 sections.
*********************************************************************************************
[bookmark: _Hlk482354806]Section 26 05 53, Identification for Electrical Systems
Section 27 11 16 Communication Enclosures
Section 27 13 24, Fiber Optic Cable and Appurtenances
Section 27 15 13 Copper Cable for Communication and Appurtenances
Section 40 67 03, Process Control Equipment Panel Construction
REFERENCES
Reference Standards:  Comply with the latest edition of the applicable provisions and recommendations of the following, except as otherwise shown or specified:
[bookmark: _Hlk484001255][bookmark: _Hlk484001246]ANSI/EIA/TIA-568 Cabling Components Standard
ANSI/EIA/TIA-598 Optical Fiber Cable Color Coding
NOT USED
NOT USED
SUBMITTALS
Action Submittals: Submit the following:
Product Data 
Manufacturer’s literature, cut sheets, specifications, dimensions, and technical data for all products proposed under this Section
Shop Drawings 
Complete description and listing of proposed electrical identification and electrical identification devices for associated equipment or systems.
Conduit and wire identification numbering system and equipment signage.
Samples 
For each type of label and sign to illustrate size, colors, lettering style, mounting provisions, and graphic features of identification products.
Delegated Design (NOT USED)
Informational Submittals: Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals (NOT USED)
Qualifications Statements (NOT USED)
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data (NOT USED)
Record Documentation 
Identification Schedule:
An index of nomenclature of electrical equipment and system components used in identification signs and labels.
Training Material (NOT USED)
Warranty Documentation (NOT USED)
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following:
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
PRODUCTS 
IDENTIFICATION MATERIALS
[bookmark: _Hlk484001973]The size, color, and contrast of all labels shall be selected to ensure that the identifiers are easily readable. Text shall be black letters on a white field
Communication Cables and Fiber Label Type
Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
Rack Label Type
Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch (10 mm).  Overlay shall provide a weatherproof and UV-resistant seal for label.
Raceway Label Type
Comply with ANSI A13.1   for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
execution
PROCESS CONTROL NETWORK AND BUSINESS INFORMATION NETWORK 
Network / Cabinet Labeling Example
[image: ]
Cabinet / Rack Labeling
Label shall be placed on the network enclosure on the patch panel side top center. Typical industrial application is a single rack in a location (building, area of a facility). Where multiple racks exist, racks shall be incrementally labeled left to right from the front of the enclosures.
Cabinet / Rack Label Format 
‘LLLL-PID-RN:P’
LLLL = Location (Structure ID)
PID = P&ID equivalent Tag (Refer to PCS Tagging Standard)
VFD = Variable Frequency Drive
LCP = Local Control Panel
PLC = Programmable Logic Controller
NET = Network 
R = Rack number or Cabinet Number 
N = Rack Unit
P = Port
Examples
0725-NET-0126{Rack Unit 26 in Rack 1 in Location 0725}
0725-VFD-03 {Variable Frequency Drive 3, in location 0725}
0725-LCP-02 {Local Control Panel 2, in location 0725}
Panel Labeling
Label shall be placed within the network rack on the left side rack mount identifying the horizontal position of a device (Patch panels, active devices, etc.). Empty rack units and wire management devices do not require a label. Labeling should follow manufacturers markings. Panel labeling may include the Cabinet / Rack Labeling.
Panel Label Format
‘-RN’
- = Unit delimiter
R = Rack Number
N = Rack Unit Number
Examples: 
0126 {Rack Unit 26 in Rack 1}
0725-NET-0126 {Rack 1, Rack Unit 26, in location 0725}
 Port Labeling
Label shall be placed identifying the individual ports of a device. All ports to be labeled with the Near End or Far End labels depending on the location. Near End is the ‘FROM’ and is the closest to the Main Distribution Frame (MDF). The Far End is the ‘TO’, which may be another Distribution Frame or the end device.
Port Label Format
‘:P’
: = Port delimiter
P = Port Number at the location {Near End (From) / Far End (To)}
Examples: 
0725-NET-0126:06 {Port 06 on device in panel position 26 of rack 1 in location 0725}
0725-LCP-01:02 {Port 02 on local control panel 01 in location 0725}
0725-VFD-02:01* {Port 01 on VFD 02 in location 0725}
*For consistency, devices with a single port shall include port Location.
This example labels a port located in rack 1 which is connected to a VFD.
FROM: 0725-NET-0126:06
TO:   0725-VFD-02:01
Cable Labeling
Cables labels are identified with information that defines the connection between the near end panel connection (FROM) and the far end panel connection (TO). The near end connection is the connection that is closest to the Main Distribution Area (MDA) in the network topology. A near end connection identifier would consist of the cabinet/rack location, panel location, and port location.  The far end connection identifier would consist of the cabinet/rack location, panel location, and port location. Cable labels can show the Near End and Far End by one of the following: 2 lines, 2 labels, or a single line separated by ‘/’.
Cable Label Format
‘LLLL-PID-RN:P’
LLLL = Location (Structure ID)
PID = P&ID equivalent Tag (Refer to PCS Tagging Standard)
VFD = Variable Frequency Drive
LCP = Local Control Panel
PLC = Programmable Logic Controller
NET = Network 
R = Rack number or Cabinet Number 
N = Rack Unit
P = Port
[bookmark: _Hlk482358205]*********************************************************************************************
NTS: Labeling options are provided to the Contractor below. Edit as needed.
*********************************************************************************************
Cable Label Layout
Line 1 - Near end ‘FROM’ {closest to the Main Distribution / SCADA servers} 
Line 2 – Far End ‘TO’
Or Near End / Far End
Or Label 1 – Near End and Label 2 – Far End
Examples: 
0725-NET-0126:06 {Port 06 on device for position 26 located within rack 1 in location 0725}
0725-VFD-02:01 {VFD02 in building 0725}
0725-NET-0126:06/0725-VFD-02:01	
Label 1 – 0725-LCP-01:02 {Port 2 for Local Control Panel 01 in location 0725}
Label 2 – 0725-PLC-01:01 (Port 1 for PLC 01 in location 0725}
FIELD CONTROL NETWORK
*********************************************************************************************
NTS: Designer shall label wire diagrams consistent with the format and information listed below. 
*********************************************************************************************
Wire and Cable Identification System:
Wire and cable labels shall be imprinted with an identifying designator.
Instrumentation, Network Cables and Control Wiring 
Wire or cable designator shall consist of the following designator and format: Four-digit PLC number one digit cabinet number followed by a hyphen followed by a three-digit page number and three-digit line number (in increments of ten).
Suggestion: use the prior panel identifier for PPPPC (e.g., 0725-LCP-02, or 0725-PLC-02)
Format: PPPPC-NNNLLL 
Example: 10001-115010
PLC Number:1000
Cabinet Number:1
Page Number:115
Line Number: 010
FIBER OPTIC CABLE IDENTIFICATION
Unit Position Color Code for Loose Tube (TIA-598)
Position 1: Blue
Position 2: Orange
Position 3: Green
Position 4: Brown
Position 5: Gray (Slate)
Position 6: White
Position 7: Red
Position 8: Black
Position 9: Yellow
Position 10: Violet
Position 11: Rose (Pink)
Position 12: Aqua
Fiber connector colors
[bookmark: _Hlk485719263]Fiber Type: 62.5/125
Connector Body: Beige
SFP / SFP+: Beige
Fiber Type: 50/125
Connector Body: Black
SFP / SFP+: Black
Fiber Type: 50/125 (laser optimized)
Connector Body: Aqua
SFP / SFP+: Aqua
Fiber Type: Single Mode
Connector Body: Blue
SFP / SFP+: Blue
FIBER ADAPTER PANEL IDENTIFICATION
Fiber adapter panel shall be labeled from left to right.
Path ports shall be labeled top to bottom.
DIRECTORY
[bookmark: _Hlk484003035]*********************************************************************************************
NTS: Designer shall provide an instrumentation and device identification diagram similar to a directory for an electrical power panel. Instrumentation and device identification diagram shall include PLC, VFD, HMI, etc. followed by the unique device identifier.

Devices identifiers to be approved by Owner.
*********************************************************************************************
Directory: Typed or computer-printed card, with transparent protective cover in frame on back of door giving circuit numbers and area or equipment served.
The directory shall include the following columns:
Near End (From)
Far End (To)
Device Description
Legends shall be easily accessible and visible near the port locations(s) or near the end device port location.
Example End Device:
	Far End (To)
	Near End (From)
	Device

	0725-VFD-02
	0725-NET-0126:06
	Effluent Aeration Blower 2


Example Network Rack:
	Near End (From)
	Far End (To)
	Device

	0725-NET-0126:01
	0725-LCP-01:01
	Effluent Aeration Local Control Panel 01: PLC (Slot 2)

	0725-NET-0126:02
	0725-LCP-01:02
	Effluent Aeration Local Control Panel 01: HMI

	0725-NET-0126:03
	0725-LCP-01:03
	Effluent Aeration Local Control Panel 01: PLC (Slot 3) Modbus TCP/IP 

	0725-NET-0126:04
	0725-LCP-01:04
	Spare

	0725-NET-0126:05	
	0725-VFD-01
	Effluent Aeration Blower 1

	0725-NET-0126:06	
	0725-VFD-02
	Effluent Aeration Blower 2

	.
.
.
	
	

	0725-NET-0126:24
	
	Spare


INSTALLATION
Devices include equipment with network connections (patch panel, switch, etc.). Devices could be active or inactive.
Slashed zero font to be used on all markings
The number of digits used for all numbers should be consistent with the total number of positions/ports. For example, if device has 24 ports, labels shall be labeled 01 through 24.
Cabinet / Rack shall include additional label for each power source. Including power panel, circuit number, and UPS identification. Powered devices within the rack shall be clearly marked for the power source. When a server rack includes multiple servers with independent power sources clearly label which power source provides power for each device.
[bookmark: _Hlk484005516]*********************************************************************************************
NTS: Designer shall provide a list of items that require labels. Add or delete labels to meet Project specific requirements. 
*********************************************************************************************
Additional items that require labels:
Grounding labels
Busbar label
Power Cables
Safety, Fire, and Security
*********************************************************************************************
NTS: Designer shall coordinate with 26 05 53 Identification for Electrical Systems. 
*********************************************************************************************
Conduit Labels:
Provide conduits with conduit labels unless otherwise shown or indicated.
Do not label flexible conduit.
All conduit of any length shall have a minimum of one label.
Provide conduit labels at the following locations:
Where each conduit enters and exits walls, ceilings, floors, or slabs.
Where conduit enters or exits boxes, cabinets, consoles, panels, or enclosures, except pull boxes and conduit bodies used for pull boxes.
At maximum intervals of 50 feet along length of conduit.
Orient conduit labels to be readable. Text shall be left to right on horizontal conduits and down to up on vertical conduits.
Wire and Cable Identification:
Text shall be left to right on horizontal conduits and down to up on vertical conduits.
Do not provide labels for the following:
Bare (uninsulated) conductors, unless otherwise shown or indicated as labeled.
Provide wire and cable labels for the following:
New, rerouted, or revised wire or cable.
Insulated conductors.
Wire and cable terminations:
Wire labels shall be applied outside of the wireway between the wireway and the terminal.
Apply cable labels between 1/2-inch and one inch of cable breakout into individual conductors.
Label individual conductors in a cable after breakout as specified for wires.
Wire or cable exiting cabinets, consoles, panels, terminal boxes, and enclosures.
Label wires or cables within two inches of entrance to conduit.
Wire or cable in junction boxes and pull boxes
Label wires or cables within two inches of entrance to conduit.
Wire and cable installed in cable tray.
Wire and cable shall have labels at maximum intervals of 20 feet.
Wire and cable installed without termination in electrical manholes.
Wire and cable shall have wrap-around labels applied within one foot of exiting manhole.
Modified Cabinets, Consoles, Panels, and Enclosures:  
*********************************************************************************************
NTS: Designer shall consult Owner on labeling of cabinets, consoles, panels, and enclosures. Where existing equipment naming differs from format listed above Designer shall coordinate with Owner.
*********************************************************************************************
New or rerouted wire or cable in existing cabinets, consoles, panels, and enclosures shall be labeled using the same format and designation as shown above where possible. Where existing equipment naming differs from format listed above coordinate with Owner.
[bookmark: OpenAt]+ +  END OF SECTION  + +
IDENTIFICATION FOR COMMUNICATIONS SYSTEMS	27 05 53-1
v. 10.22	
27 11 16
COMMUNICATION ENCLOSURES
v. 10.22
1. GENERAL
SUMMARY
Furnish all labor, materials, equipment, and incidentals required to install a fiber optic cable and appurtenances as shown on the Drawings, specified and required.  
This section includes the minimum requirements for floor-mounted and wall-mounted zone cabling and wireless enclosures for use as consolidation point enclosures, telecommunications enclosures, or wireless access point enclosures. 
Included in this section are the minimum composition requirements and installation methods for the following:
Enclosures, floor mounted.
Enclosures, wall mounted.
Related Sections
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment that a user might expect to find in this section but are specified elsewhere. Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables
Section 26 05 26, Ground and Bonding for Electrical Systems
Section 26 05 29, Hangers and Supports for Electrical Systems
Section 26 05 33, Raceways and Boxes for Electrical Systems
Section 26 05 43, Underground Ducts and Raceways for Electrical Systems
Section 40 67 03, Process Control Equipment Panel Construction
REFERENCES
Reference Standards:  Comply with the latest edition of the applicable provisions and recommendations of the following, except as otherwise shown or specified:
ANSI/TIA/EIA – 568-C Commercial Building Telecommunications Cabling Standard, 2000-2004
TIA – 569-B Commercial Building Standard for Telecommunications Pathways and Spaces, 2004
ANSI/TIA/EIA – 606-A Administration Standard for the Telecommunications Infrastructure of Commercial Buildings, 2002
ANSI-J-STD – 607-A Joint Standard for Commercial Building Grounding (Earthing) and Bonding Requirements for Telecommunications, 2002
NFPA 70 – National Electric Code, 2005
BICSI – Telecommunications Distribution Methods Manual, 10th Edition, 2003
NOT USED
NOT USED
SUBMITTALS
Action Submittals: Submit the following:
Product Data 
Manufacturer's product data sheets and complete construction details including physical characteristics of cabinets, racks, frames, and enclosures 
Shop Drawings 
Layout drawings showing routing of cables, termination and equipment locations and bill of materials for each termination location.
Samples (NOT USED)
Delegated Design (NOT USED)
Informational Submittals: Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions 
Installation instructions and procedures
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals (NOT USED)
Qualifications Statements 
Manufacturer’s Qualifications per Section 1.7
Qualifications of BISCI personnel performing field testing
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data (NOT USED)
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation (NOT USED)
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following:
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools 
Specialized tools required for maintenance
PRODUCT DELIVERY, STORAGE AND HANDLING
Contractor shall make all arrangements for transportation, delivery, and storage of the equipment and materials, requirements of the system supplier, and requirements of equipment manufacturers.
Prior to packaging, each manufacturer or supplier shall securely attach tag number and instructions for proper field handling and installation to each instrument.
Communication equipment shall be packaged at the factory, prior to shipment, to protect each item from damage during shipment and storage. Containers shall be protected against impact, abrasion, corrosion, discoloration, and other damages. Clearly label contents of each container and provide information on the required storage conditions necessary for the equipment. 
Contractor shall make arrangements to store Communication equipment in accordance with manufacturer’s instructions and relevant organization standards. supplier shall notify Contractor, in writing, with copies to Owner and Engineer of the storage requirements and recommendations for the equipment prior to shipment.
QUALITY ASSURANCE
Qualifications:
Manufacturer Qualifications:  Manufacturer shall be experienced in manufacturing materials and equipment similar to that which is specified herein for at least 5 years with a record of successful in-service performance.  When requested by the Engineer, a list of installations in satisfactory operation shall be provided.
Field Quality Control Qualifications: The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification. Testing personnel shall be BICSI certified.
All cable and equipment shall be installed in a neat and workmanlike manner.  All methods of construction that are not specifically described or indicated in the contract documents shall be subject to the control and approval of the Owner or Owner Representative.  Equipment and materials shall be of the quality and manufacture indicated.  The equipment specified is based upon the acceptable manufacturers listed.  Where “approved equal” is stated, equipment shall be equivalent in every way to that of the equipment specified and subject to approval.
Strictly adhere to all Building Industry Consulting Service International (BICSI), Electronic Industries Alliance (EIA) and Telecommunications Industry Association (TIA) recommended installation practices when installing communications/data cabling.
PRODUCTS
ENCLOSURES

*********************************************************************************************
NTS: Designer to modify General provided equipment for the application. Owner may select to provide network switches. UPS may not be required if a ‘room’ or building UPS is already in place or elsewhere in design. Existing network installations that are modified to conform to Owner standard.
*********************************************************************************************
General
Provide enclosure.
Provide network switches for each network.
Provide rack mounted surge protected power strip.
Provide rack mounted Uninterruptible Power Supply.
Provide cable management appurtenances for a well-managed cable system installation.
Provide copper patch panel as required for each network and network switch.
Provide blanking modules for all unused RJ45 path panel.
Provide fiber optic patch panel as required for each network.
Provide dust covers for all unused fiber optic patch connections.
Provide and ground a ground bar. Ensure grounding and bonding of enclosure/rack(s) adheres to industry standards.
Free standing operator enclosures with rear door:
Manufacturers
ITS
Pentair (Hoffman) Concept
Or Equal
Will be supplied with locking casters
Flex conduit (e.g., Sealtite) shall be used to supply the AC power connection to the enclosure
Flex conduit (e.g., Sealtite) shall be used to supply the uplink fiber optic Ethernet cable to the enclosure
Flex conduit (e.g., Sealtite) will be used to route the Ethernet connection to the endpoint enclosure / device
Enclosure should be moveable to allow service access via the rear door.
Data Server Enclosures:
Manufacturers
EIC Solutions
Panduit
Pentair (Hoffman)
Or Engineer approved equal
*********************************************************************************************
NTS: Enclosure shall be specified for the space where it will be installed. The specification is configured for controlled environments. Specifier to consider each application and modify requirements based on environment. Enclosure conditioning for the installed space to be considered.
*********************************************************************************************
An enclosed equipment distribution rack shall be provided for mounting network equipment provided as rack-mounted, including switches, firewalls, routers, patch panels, etc.
Black painted steel, stainless steel, or painted aluminum construction
Fully tapped, standard EIA 19” rack pattern
Factory labeled rack position numbered
Removable front and rear doors 
Removable side panels
Appurtenances 
*********************************************************************************************
NTS: Hardware details shall include: fiber patch panel (for each fiber set coming to and leaving the enclosure), copper patch panel (for each network switch patch for EVERY switch port whether used or not), horizontal cable management (at a minimum between each patch and switch), vertical cable management (both front and rear), rear vertical power strip (PDU), UPS, shelving for non-rack devices, patch cables (fiber and copper), cable hangers, couplers, dust covers for ALL non-used ports, switches, rack mount switches…. DO NOT LEAVE ANYTHING UP TO THE CONTRACTOR.

[bookmark: _Hlk94692720]NTS: Drawing shall include:
1. Network block diagram (consider separate drawing for each network)
a. BIN – Business information Network
b. PCN – Process Control Network 
c. FCN – Field Control Network
2. Rack layout diagram (show existing half tone)
a. includes port Legend for each switch
3. Use 27 05 53 for labeling of enclosure and associated equipment.
*********************************************************************************************
The enclosure shall be compartmentalized with two halves .  The upper section shall house network equipment used for the Business Information Network (BIN) for use such as business, media, access control, security, and telephone.  The lower section shall house process control network (PCN) equipment and shall have lockable doors.  The enclosure will have a single full-height front door and a single full-height rear door. All panels shall have provisions for a padlock to lock each door. Equipment common to the BIN and PCN shall be mounted in the middle between the sections. 
Horizontal Cable Management
Provide one between each switch and copper patch panel
Provided one below each fiber patch panel
Dual hinged cover
Rack Unit spacing: 2RU
Manufacturer
Panduit – NMF2, NM2
Vertical Cable Management
Provide Vertical D-Ring or Netrunner restrainment in all four corners of enclosure 
Standard EIA hole spacing
Restrain minimum every 12”
Group like cabling with hook and loop wrap.
Plastic tie ‘Zip ties’ not allowed.
Manufacturer
Panduit
Shelving
Provide shelving for non-rack mountable and non-DIN rail mountable devices.
Provide a single shelf between Business Information Network and Process Control Network.
Front mount shelf
Steel
Load rating of 66 lbs.
Rack Unit spacing: 2RU
Manufacturer
Panduit – SRM19FM2
DIN rail
19” EIA rack panel
35mm DIN rail
#10-32 threaded studs for mounting DIN rail to panel
4 knockouts for pass through grommets
16.75” rail length
6.97” height
Manufacturer
Panduit - IADBIN4 
*********************************************************************************************
NTS: Designer to modify -6- below for installed application. Where the UPS is not included in the network enclosure a non-bypass PDU should be used (Tripplite – RS-0615-R). For server room applications a vertical PDU shall be used. 
*********************************************************************************************
Power Distribution Unit (PDU)
Provide power distribution unit for each enclosure
Ability to transfer source power from independent sources allowing for maintenance bypass of UPS.
5-15P input plug
(6) 5-15R receptacles
Rack Unit spacing: 1RU
Manufacturer
Eaton- EHBPL1500R-PDU1U
*********************************************************************************************
NTS: Designer to modify -7- below for installed application. Where a UPS is a ‘room’ or building UPS then section should be reviewed with owner for inclusion. Asterisks (***) in the Part Numbers below are for the Contractor to supply with Project specific information when ordering parts.
*********************************************************************************************
Uninterruptible Power Supply (UPS)
Provide UPS for each enclosure
True online, double-conversion
Hot swappable batteries
Relay output contacts wired to local PLC
1500VA
5-15P input plug
(6) – 5-15R receptacles
Rack Unit spacing: Minimum 2RU
Mount UPS between the upper and lower sections.
Manufacturer
Eaton - 9PX1500RT
Fiber Optics:
Fiber Enclosure
Integral cable management
Accommodate Fiber Adapter Panels (FAP)
Bidirectional pull-out drawers
Hinged, removable front and rear doors
(6) FAP openings
Rack Unit spacing: 1U
Manufacturer
Panduit – FRME1U
Fiber Adaptive Panel (FAP)
Exceed TIA/EIA-568-B.3 requirements
(6) multimode LC adapters
Manufacturer
Panduit – FAP6W***DLCZ  
Blank Panel
Provide for each unused fiber enclosure modules
Black adapter panel
Compatible with Opticom components
Panduit – FAPB
Patch Cords 
LC duplex Fiber Optic Patch Cord
Mode: Match installation requirements
Compatible with OS1/OS2
Compatible with OM3 and OM4
Color: Mode dependent
OS1/OS2: Yellow
OM3/OM4: Aqua
Insertion loss: 
0.25db Max (OM3 and OM4)
0.35db Max (OS2)
Connector Return Loss 
26db Min (OM3 and OM4)
55db Min (OS1/OS2)
Manufacturer
Panduit – F*2ERQ1Q1SNM***
Copper UTP:
Patch panel – 19” Rack
Modular metal panel
Snap-in removable faceplates
24 port
Integral Labels
(6) faceplates
Rack Unit spacing: 1RU
Manufacturer
Panduit – CPPL24WBLY
Patch panel – DIN Rail
Modular panel
Snap-in removable faceplates
8 port
Accepts Mini-Com modules
Manufacturer
Panduit – CDPP8RG
Jack Modules
Compatible with Mini-Com modular patch panels and faceplates
Exceed ANSI/TIA-568-C.2 Category 6 standards
RJ45
8 position, 8 wire universal module
Color: Network Specific
Business Information Network: Red
Process Control Network: Yellow
Security Network: Green
Field Control Network: Black 
Manufacturer
Panduit – CJ688TG**
Blank Modules
Compatible with Mini-Com modular patch panels
Color: Black
Manufacturer
Panduit – CMBBL-X
UTP Patch cords
Category 6 Performance
28 AWG UTP
RJ45 Plugs both ends
Color: Network Specific
Manufacturer
Panduit - UTP28SP**
*********************************************************************************************
NTS: Coordinate with owner and owner’s IT provider for switch selection. Owner may elect to procure and furnish switch to contractor.
*********************************************************************************************
Switches:
Switch configuration will be complete by the Owner. 
Contractor shall furnish and install switches.
Switch connection to owner’s networks shall be coordinated. Contractor shall never connect devices to owner’s network without approval.
The switch shall have twenty-four (24) RJ-45 ports.
The switch shall have four (4) SFP Modules, one (1) of which is populated by fiber LC Duplex port.
Manufacturer
Cisco C9300 L24T-4X-E
SOURCE QUALITY CONTROL
In-Factory Inspection.
Verify following in accordance with approved submittals:
Panel dimensions.
Equipment layout.
Wiring.
Wire and terminal identification.
Verify proper access to equipment for maintenance.
Verify proper access to field wire and fiber optic termination points.
Inspect for neatness of wiring and wire harness construction.
execution
 	INSTALLATION
Install equipment in conformance with NEC and BICSI Standards.
Verify proper access to equipment for maintenance.
Verify proper access to field wire and fiber optic termination points.
Inspect for neatness of wiring and wire harness construction
Free Standing Enclosures
Unless otherwise noted, install indoor freestanding enclosures on 4-inch concrete pad.  Extend pad 4-inches beyond outside dimensions of base, all sides.  Lay grout after panel sills have been securely fastened down. Location shall be shown on the Drawing. The enclosure should be positioned so that access to the enclosure does not require movement of furnishings and so that disturbance in the workspace is minimized. The floor space must provide sufficient depth for the enclosure. 
Follow the manufacturer’s installation instructions when securing the enclosure to the floor. 
Raised-Floor Enclosures
Select a position for the raised floor enclosure where the enclosure (tile over the enclosure) can be opened fully without obstruction by other building, storage, or architectural components. Location should be central within the cabling zone. The enclosure should be positioned so that access to the enclosure does not require movement of furnishings and so that disturbance in the workspace is minimized. The floor space must provide sufficient depth for the enclosure. Access to the enclosure through surrounding raised floor tiles should also be considered when selecting location of the enclosure.
Follow the manufacturer’s installation instructions when securing the enclosure to the floor or raised floor pedestals and installing equipment. The body of the enclosure should be below the raised floor tiles. The raised floor tile above the enclosure serves as the cover for the enclosure and should be flush with the floor. Seal the cable port(s) with the included foam sealing kit(s) per instructions in raised floor plenums used as air handling spaces.
Wall-Mount Enclosures
Select a location for the wall-mount enclosure where the enclosure can be opened fully without obstruction by other building, storage, or architectural components. Location should be central within the cabling zone. The enclosure should be positioned so that access to the enclosure does not require movement of furnishings and so that disturbance in the workspace is minimized.
Follow the manufacturer’s installation instructions when securing the enclosure to the wall and installing equipment.
Enclosure Appurtenances and cabling
Communication cables shall be neatly routed and managed. Use of provided horizontal and vertical management systems shall be organized, labeled, and free from kinks and improper manufacturer recommended installations.
Cable lengths shall be kept to a minimum. Where excess lengths of cables are required, they shall be restrained within wire management system and loop radius shall not be less than the manufacturer’s minimum requirement.
Where cabling is required to be outside of provided management system, the cabling shall be restrained using hoop and loop plastic or fabric restraining system.
Labeling shall be complete and follow the typed legend. Labeling used for installation purposes that do not follow specified label requirements shall be removed.
Horizontal cables shall be supported by provided wire management system or appropriate enclosure frame members.
Horizontal cabling shall be organized for each network and maintained separately from other networks.
Cables shall be supported within four inches of final termination.
Equipment is properly electrically grounded.
Equipment chassis is properly grounded. 
+ +  END OF SECTION  + +
COMMUNICATION ENCLOSURES	27 11 16-1
v. 10.22	
27 13 24
FIBER OPTIC CABLE AND APPURTENANCES
v. 10.22
1. GENERAL
SUMMARY
Furnish all labor, materials, equipment, and incidentals required to install a fiber optic cable and appurtenances as shown on the Drawings, specified and required.  
The system includes, but is not limited to fiber optic cables, connectors, enclosures, and related appurtenances.
Related Sections
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment that a user might expect to find in this section but are specified elsewhere. Do not list administrative and procedural division 01 sections.
*********************************************************************************************
[bookmark: _Hlk485719736]Section 27 05 53, Identification for Communication Systems
Section 40 67 03, Process Control Equipment Panel Construction
REFERENCES
Reference Standards:  Comply with the latest edition of the applicable provisions and recommendations of the following, except as otherwise shown or specified:
NEC Article 770, Optical Fiber Cables and Raceways.
ANSI/TIA/EIA 4720000-A, Generic Specification for Fiber Optic Cable.
ANSI/UL 1581, Reference Standard for Electrical Wires, Cables and Flexible Cards.
ANSI/EIA/TIA-568-C.3 Optical Fiber Cabling Components Standard, Ed C. Amd. 1 08-2012
ISO/IEC 11801:2002 Information Technology – Generic Cabling for Customer Premises, 09-2014
ISO/IEC 24702:2006 Information Technology – Generic Cabling - Industrial Premises, 03-2012
IEC 61754-20 Fibre optic interconnecting devices and passive components - Fibre optic connector interfaces - Part 20: Type LC connector family, 05-2012
IEC 61754-4 Fibre optic interconnecting devices and passive components - Fibre optic connector interfaces - Part 4: Type SC connector family, 07-2013
IEEE 802.3 IEEE Standard for Ethernet, 2012
ANSI/ICEA S-87-640 / Telcordia GR-20 / RDUP PE-90 – Fiber Optic Design and Test Criteria
NOT USED
NOT USED
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Product Data will be provided in the Appendix of the Project Manual.
Shop Drawings
[bookmark: _Hlk115867117]Cable pulling plan which specifies the sequence of work tasks, materials, and equipment.  The information submitted must include termination data including the following:
List of materials and accessories.
Details of cable preparation.
Method of applying materials (including quantities).
Precautionary measures.
Written statement from cable manufacturer that termination methods submitted are acceptable.
Written statement from the termination manufacturer that the termination methods are suitable for the proposed application
Layout drawings showing routing of cables, termination and equipment locations and bill of materials for each termination location.
Design Data:  Provide an optical link analysis for each fiber optic link.  Calculate point-to-point (transmit/receive) optical power loss of each fiber link using proposed installed cable lengths.  Include all losses through connectors.  Submit calculated values including sketches graphically showing the proposed cable route.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals
Fiber Optic Cables – Source Quality Control
Certified Production Test Reports.
Field Quality Control Submittals 
Fiber Optic Cables – Source Quality Control
Submit results of certified field quality control testing per Section 3.2.
Include testing procedures utilized.
Test Instrument Certification – Source Quality Control
Power meters and certifications per Section 1.7
Power meters shall have been calibrated within one (1) year of date of testing.
Qualifications Statements 
Installer Qualifications  
Testing Personnel BICSI certification.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. (NOT USED)
Operation and Maintenance Data (NOT USED)
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation (NOT USED)
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. (NOT USED)
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
PRODUCT DELIVERY, STORAGE AND HANDLING
Cable Delivery:
No cable over one year old is acceptable for delivery.
Ends of cables are to be kept sealed at all times, except when making terminations.  Use methods approved by the cable manufacturer.
Cable Storage:
Store cable in a facility where the temperature shall be maintained at temperature recommended by the manufacturer for optimum workability.
QUALITY ASSURANCE
Qualifications:
Manufacturer Qualifications:  Manufacturer shall be experienced in manufacturing materials and equipment similar to that which is specified herein for at least 5 years with a record of successful in-service performance.  When requested by the ENGINEER, a list of installations in satisfactory operation shall be provided.
Installers Qualifications:  Personnel completing terminations shall be personally experienced in the installation of optical fiber systems, shall have been regularly engaged in the installation of fiber cable for a minimum of the past three years, and shall be BICSI certified.
Field Quality Control Qualifications: The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification. Testing personnel shall be BICSI certified.
PRODUCTS
MATERIALS
General: The cable types shall be determined by application requirement.
General use guidelines
All field switch interconnection links
Small Form-Factor Pluggable Transceivers (SFP / SFP+) will be used to interface to the switch / router network layer
Minimum uplink speed 1 Gb/s
Connectors for new installations
Device – Determined by device - LC 
Splitter / Patch – LC 
Switch – LC
*********************************************************************************************
NTS: Owner’s preference is to update to LC style connectors. Include “e.” only when necessary. Designer should consult with the Owner before retaining the existing system.
*********************************************************************************************
Connectors for existing installation shall match existing style connectors.
All fibers will be terminated with the proper connector.
Terminate all fibers to the splitter / patch system
Cisco optical (SFP / SFP+) transceivers should be used when fiber connections represent > 80% of all media present at the switch
Plan for 20% spare (open) connections, by type (TX, SFP / SFP+, etc…)
*********************************************************************************************
NTS: Designer to select appropriate fiber optic cable for the Project. Fiber selection is based on several factors (existing systems incorporation/upgrade, distance, communication rate, SFP / SFP+, and armor requirement) given that a 1 Gb / s (1000BASE) speed is the minimum required. Designer to coordinate between Drawings and Specifications identifying the type of cable for each connection. Designer to create Fiber Cable Schedule. See Table below for an example of a Fiber Cable Schedule:
*********************************************************************************************
	FROM
	TO
	SFP
	CABLE
	Category
	PATCH (1-24)
	Port    (1-24)

	Dechlorination Network Enclosure 

(0850-NET-0100)
	East Aeration Network Enclosure 

(0560-NET-0100)
	GLC-LH-SMD
	12 Strand
	OM3
	1
	1


Fiber Optic Cable: Armored, Gel-Free, Loose Tube, Hybrid Core Fiber Optic Cable – Single / Multi –Mode
Compatible with LED / Laser Diode based transmission systems and suitable for fiber optic Ethernet LAN / WAN standards. 
1000BASE-SX (Multimode)
1000BASE-LX (Multimode)
1000BASE-LX (Singlemode)
1000BASE-LX/LH (Singlemode/Multimode)
1000BASE-LX10 (Singlemode)
Use loose tube glass fiber optic core construction around hybrid dielectric central element.
The number of cables and the number of fibers in each cable shall be as specified herein and as shown on the Drawings. Minimum 12 fibers.
Splitter kits:  The cable shall be provided with the necessary number of splitter kits to accommodate the number of terminations shown for each interconnection box on the Drawings.  
Cable shall be assembled with inner strength members, polyethylene core separator tape, Aramid yarn or similar strength members.
Jackets:  Inner polyethylene jacket with rip cord, corrugated steel tape armor with rip cord, and a polyethylene outer jacket with rip cord. Provide a cable outer jacket that is UV inhibited, fungus resistant and flame retardant.
Fiber optic cable will be fully water blocked.
Cable shall be suitable for installation in indoor and outdoor conduit systems.
Provide continuous inter-and intra-building installation, closet to closet, suitable for passing through inside conduit locations directly from outside conduit.
Cable shall be UL listed as type OFN per NEC 770-51 and NEC 770-53.
Cable specifications are as follows:
Multimode
Armor Fiber Optic Cable, Gel Free, Single Jacket, Single-Armored
Fiber Category: OM3
Core / Clad Dia. (um): 50 / 125
Fiber Count: Minimum 12
Crush Resistance: 10 cm
Operating Temperature: -20C to +70C
Wavelength (nm): 850 / 1300
Attenuation (db/km): 3.0 / 1.0
OFL Bandwidth (MHz km): 1500 / 500
Bend Radius (12 Fiber Minimum mm): 7.2 in
Outer Diameter (12 Fiber Nominal): 0.48 in
Weight (12 Fiber): 87 lb / 100 ft
Single Mode
Premise Fiber Optic Cable, Loose, Gel Free, Single Jacket
Fiber Category: OS1 / OS2
Core / Clad Dia. (um): 9 / 125
Fiber Count: Minimum 12
Crush Resistance: 10 cm
Operating Temperature: -20C to +70C
Wavelength (nm): 1310 / 1550
Attenuation (db/km): 0.35 / 0.25
OFL Bandwidth (MHz km): N/A
Bend Radius (12 Fiber Minimum mm): 7.2 in
Outer Diameter (12 Fiber Nominal): 0.48 in
Weight (12 Fiber): 87 lb / 100 ft
Maximum Tensile Load:  Values for installation and in‑service loads shall not exceed manufacturer's recommendation.
Minimum Bend Radius:  Bend radius for installation and in‑service shall not exceed manufacturer's recommendation.
Fiber optic cable and appurtenances must be RoHS compliant.
Fiber optic cable and appurtenances must be Halogen free.
Terminal Connectors:
Provide connectors and components and use specific tools and methods as recommended by the connector manufacturer to form a complete connector system. 
Provide simplex fiber optic connectors with detachable duplex clip (i.e., duplex yoke). LC connectors should be used on all splitter / patch tray and SFP / SFP+ connections.  LC connections are preferred for devices.  Exceptions (SC, ST, etc…) will be allowed should the device not natively support an LC connector.  The documented connection performance criteria must be maintained for all connector types.
Connector shall have a polymer body with a precision zirconia ferrule.
*********************************************************************************************
NTS: Designer to coordinate between Drawings and Specifications identifying the type of cable for each connection. Terminal connectors should be selected based on Fiber Optic Cable used. Coordinate fiber optic cable selection with Owner. Create Fiber Cable Schedule.
*********************************************************************************************
Connector Specifications:
Multimode
Fiber Category: OM3
Wavelength (nm): 850 / 1300
Connector Type: LC
Maximum Insertion Loss (dB): <= 0.50
Typical Insertion Loss (dB): 0.10
Durability Delta (dB): 0.2 (Max)
Operating Temperature: -40C to +75C
Cable Retention (N): 22.2
Single Mode
Fiber Category: OS1
Wavelength (nm): 1310 / 1550
Connector Type: LC
Maximum Insertion Loss (dB): <= 0.50
Typical Insertion Loss (dB): 0.10
Durability Delta (dB): 0.2 (Max)
Operating Temperature: -40C to +75C
Cable Retention (N): 22.2
Fiber Optic Jumper Cables:
*********************************************************************************************
NTS: Designer to coordinate between Drawings and Specifications identifying the type of cable for each connection. Fiber optic jumper cables should be selected on based on Fiber Optic Cable used. Coordinate fiber optic cable selection with Owner. Create Fiber Cable Schedule.
*********************************************************************************************
Fiber Optic Patch Cables (Jumpers / Fibers): 
General
Minimum length indicated.  Fiber optic patch cables should be adequately sized to utilize cable management within the rack enclosure between the splitter / patch panel and the SFP / SFP+ connection at the network switch.  Fiber optic patch cable routing will maintain the manufacturer’s minimum bend radius specification.
Maximum length indicated.  Fiber optic patch cables should be adequately sized to utilize cable management within the rack enclosure between the splitter / patch panel and the SFP / SFP+ connection at the network switch.  Fiber optic patch cable routing will maintain the manufacturer’s minimum bend radius specification.
Multimode
Fiber Category: OM3
Core / Clad Dia. (um): 50 / 125
Connector Type: LC
Minimum Length (m): 1
Maximum Length (m): 5
Jacket Material: PVC
Single Mode
Fiber Category: OS1
Core / Clad Dia. (um): 9 / 125
Connector Type: LC
Minimum Length (m): 1
Maximum Length (m): 5
Jacket Material: PVC
MANUFACTURERS
Fiber Optic Cable:
Corning Cable Systems.
Panduit
Or equal.
Terminal Connectors:
Corning Connector System
Panduit
Or equal.
Fiber Optic Jumper Cables:
Corning Connector System
Panduit
Or equal.
SOURCE QUALITY CONTROL
Fiber optic cable and appurtenances shall be UL listed.
execution
INSTALLATION
Install cable and connectors as indicated on the Drawings and as specified in this section.
Install cables in the indicated raceway systems.  Inspect raceways prior to pulling cables.  Rod and swab out conduits and ducts prior to installing cables.
Pull cables prior to attachment of connectors.  Terminate all fibers at a patch panel.  Install jumper cables at patch panel as shown on the Drawings.
Pull cables using an indirect attachment method such as a "Kellems Grip" or equal which distributes the pulling forces over the outer portion of the cable.  Pulls directly on the fiber core will not be allowed.
Do not exceed maximum pulling strength limits of the cable during installation.  Monitor cable pull tensions at all times during the installation of the cable using a remote sensing puller, strain gauge or running line tensiometer.  If electronic tension monitoring equipment is used, it shall be calibrated or checked for calibration on a daily basis or prior to any cable pull.
To reduce cable friction and minimize pulling forces during installation, use a polymer based, water soluble lubricant when pulling cable.
Do not exceed the minimum bend radius of the cable.  Tight loops, kinks, knots, or tight bends will not be allowed during installation.
For conduit installation, the minimum bending radius shall be 8 inches and maintain manufacturers recommend minimum bending radius.  Use sweeping elbows at all transitions from horizontal to vertical conduit runs.
Do not make splices in cable.  Provide adequate run lengths on cable reels to make termination-to-termination runs without splices.
Provide handholes and pull boxes as required by the cable manufacturer.
Within manholes, route and support fiber optic cable along the inside wall and protect using PVC conduit.
Identification meeting the requirement of Section 27 05 53, Communication systems, shall be provided for each cable access point.
Identification for conduit / cable routing meeting the requirement of Section 26 05 53, Electrical System Identification.
FIELD QUALITY CONTROL 
The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification.
*********************************************************************************************
NTS: Adjust days required in advance of testing below to meet Project requirements.
*********************************************************************************************
Test fiber optic cables before and after field installation.  Tests shall be witnessed by the Engineer.  The Engineer shall be notified at least 7 days in advance of testing.
Upon receipt of the fiber optic cable reels, test each fiber separately with an Optical Time Domain Reflectometer (OTDR) to verify fiber length, attenuation, and continuity.
After the cable has been installed, visually inspect each fiber termination for out-of-round conditions and surface defects such as cracks and micro-chips.
After connectors have been attached at both ends, test each fiber with an OTDR.  Tests shall be bi-directional.
Test all fibers including spares. Test shall include, but not be limited to the following:
Check candle power transmitted through each fiber in the data highway fiber optic cable.  If the light transmitted through the cable does not meet the requirements of the installed equipment, then check all connectors on the fiber cable for proper installation.  Replace all bad connections.  Replacement shall be done at Contractor's expense.
If a section of the fiber optic cable is not transmitting light to the requirements of the installed equipment, then replace that section of the cable between terminations.  Replacement shall be done at Contractor's expense.
The test shall be signed by the tester and initialed by the Engineer.
Furnish certification documents for each test to the Engineer directly within 10 days of testing.  Include printouts from the OTDR with the certification documents.  Record the following data:
Installer's company name and address.
Installer's name.
Date of certification.
Attenuation of each fiber link identified by the color.
Length of each fiber optic link measured.
Equipment used to certify the fiber optic link.
Name of person(s) recording the test data.
Furnish certification documents for each test to the Engineer on-site directly following testing.  Include printouts from the OTDR with the certification documents.  Record the following data:
Attenuation of each fiber link identified by the color.
Length of each fiber optic link measured.
Equipment used to certify the fiber optic link.
The maximum total loss including connectors and cable attenuation for each fiber optic link shall not exceed 7.5 db.
Cable Energizing:  
No cable shall be illuminated until the master copy of its test record is approved by the Engineer. 
+ +  END OF SECTION  + +
FIBER OPTIC CABLE AND APPURTENANCES	27 13 24-1
v. 10.22	
27 15 13
COPPER CABLE FOR COMMUNICATION AND APPURTENANCES
v. 10.22
1. GENERAL
SUMMARY
Furnish all labor, materials, equipment, and incidentals required to install copper cable and appurtenances as shown on the Drawings, specified and required.  
The system includes, but is not limited to copper cables, connectors, patch cord, patch panels and related appurtenances.
Communication Copper Drop Cabling
Drop cabling system shall provide interconnections between communications equipment rooms, main terminal space, and entrance facilities in the telecommunications cabling system structure. Cabling system consists of drop cables, intermediate and main cross-connects, mechanical terminations, and patch cords or jumpers used for drop -to- drop cross-connection.
Drop cabling cross-connects may be located in communications equipment rooms or at entrance facilities. Bridged taps and splitters shall not be used as part of drop cabling.
Related Sections
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment that a user might expect to find in this section but are specified elsewhere. Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 53, Identification for Electrical Systems
Section 27 00 00, Communication Systems
Section 27 05 53 Identification for Communication Systems
Section 40 67 03, Process Control Equipment Panel Construction
REFERENCES
Reference Standards:  Comply with the latest edition of the applicable provisions and recommendations of the following, except as otherwise shown or specified:
ANSI/TIA/EIA
TIA/EIA-568-C.1	Commercial Building Telecommunications Cabling Standard 
TIA/EIA-568-C.0	General Requirements
TIA/EIA-568-C.2	Balanced Twisted Pair Cabling Components Standard
TIA/EIA-568-C.2.10 Specifications for Augmented Category 6 Cabling
TIA/EIA - 942	Telecommunications Infrastructure for Data Centers
TIA/EIA-569-A	Commercial Building Standard for Telecom Pathways and Spaces
TIA/EIA-606-A	Administration Standard for the Telecommunications Infrastructure of Commercial Buildings
J-STD-607-A	Commercial Building Grounding/Bonding Requirements
NFPA
NFPA 70 National Electric Code (NEC) 
ISO/IEC	
ISO 11801 Generic Cabling for Customer Premises
If there is a conflict between applicable documents, then the more stringent requirement shall apply.  All documents listed are believed to be the most current releases of the documents.  The Contractor has the responsibility to determine and adhere to the most recent release when developing the proposal for installation.
NOT USED
NOT USED
SUBMITTALS
[bookmark: _Hlk115786702]Action Submittals. Submit the following:
Product Data
Manufacturer's product data sheets and complete construction details including physical characteristics of copper, strength members, and jackets.
Manufacturer’s installation instructions, procedures, and specific tools.
Overall dimension of cable.
Manufacturer’s cable storage requirements, including temperature.
Shop Drawings
Cable pulling plan which specifies the sequence of work tasks, materials, and equipment.  The information submitted must include termination data including the following:
List of materials and accessories.
Details of cable preparation.
Method of applying materials (including quantities).
Precautionary measures.
Written statement from cable manufacturer that termination methods submitted are acceptable.
Written statement from the termination manufacturer that the termination methods are suitable for the proposed application.
Layout drawings showing routing of cables, equipment locations, terminations, patch panel labeling, and bill of materials for each termination location.
Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals 
Copper Cable – Source Quality Control
Cable manufacturer's certified test data for attenuation and bandwidth and the maximum pulling strain allowed.
Field Quality Control Submittals 
Copper Cable – Source Quality Control
Submit results of field quality test reports.
Include testing procedures utilized.
Test Instrumentation Certification – Source Quality Control
Power meter information and calibration reports per Section 1.7
Qualifications Statements 
Installer Qualifications 
Testing Personnel BISCI certification
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. (NOT USED)
Operation and Maintenance Data (NOT USED)
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation (NOT USED)
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. (NOT USED)
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
PRODUCT DELIVERY, STORAGE AND HANDLING
Cable Delivery:
No cable over one year old is acceptable for delivery.
Ends of cables are to be kept sealed at all times; except when making terminations.  Use methods approved by the cable manufacturer.
Cable Storage:
Store cable in a facility where the temperature shall be maintained at temperature recommended by the manufacturer for optimum workability.
QUALITY ASSURANCE
Qualifications:
Manufacturer Qualifications:  Manufacturer shall be experienced in manufacturing materials and equipment similar to that which is specified herein for at least 5 years with a record of successful in-service performance.  When requested by the ENGINEER, a list of installations in satisfactory operation shall be provided.
Installers Qualifications:  Personnel completing terminations shall be personally experienced in the installation of communication systems, shall have been regularly engaged in the installation of Category 5e/6 cable for a minimum of the past three years, and shall be BICSI certified.
Field Quality Control Qualifications: The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification. Testing personnel shall be BICSI certified.
Warranty
A Cable Products Warranty shall provide a complete warranty to guarantee a high-performance cabling system that meet application requirements.  The guarantee shall include all cable installed in the structured cabling system.  The Cable shall be warranted for a period of at least 25 years.
Provide all products in this section from the same supplier.
PRODUCTS
MANUFACTURERS
Panduit
Or engineer approved equal
WORK AREA SUBSYSTEM
The Work Area shall consist of the connectivity equipment used to connect the horizontal cabling subsystem and the equipment in the work area. Both copper and fiber media shall be supported.  The connectivity equipment shall include the following options:
Patch (equipment) cords and modular connectors
Outlets and surface mount boxes
Surface raceway and outlet poles
Consolidation point / MUTO
Patch Cords and Modular Connectors
The modular connectors and patch cords will be chosen to match the horizontal cabling medium and rating.  The same manufacturer shall provide the modular connectors and patch cords.  The total patch cord length at the work area is not to exceed 3 meters (10 ft).  Exception: When implementing an open office cabling system as specified under TIA TSB-75.
Copper Connectivity
The PANDUIT MINI-COM® Network Cabling System shall be used for the Work Area subsystem, including all modular connectors.  The network cabling system shall be comprised of modular connectors in support of high-speed networks and applications designed for implementation on copper cabling.  All outlets shall utilize fully interchangeable and individual connector modules that mount side-by-side to facilitate quick and easy moves, adds and changes. 
The eight position modules shall be used in all work areas and shall exceed the connector requirements of the TIA/EIA Category 6 standard.  Termination shall be accomplished by use of a forward motion termination cap and shall not require the use of a punch down tool.  The termination cap shall provide strain relief on the cable jacket, ensure cable twists are maintained to within 1/8” (3.18 mm) and include a wiring scheme label. All terminations for this project shall use the T568B (B) wiring scheme.  The modules shall terminate 4 pair 23-AWG 100-ohm solid unshielded twisted pair cable. The modules shall be universal in design, including complying with the intermateability standard IEC 60603-7 for backward compatibility.  Category 6 modules shall have UL and CSA approval.  The modules shall have ETL verified Category 6 performance and ISO Class E performance (as defined in ISO/IEC 11801) in both the basic and channel links.  They shall be universal in design, accepting 2, 3, or 4 pair modular plugs without damage to the outer jack contacts.  The modules shall be able to be re-terminated a minimum of 10 times and shall match the Owner’s color scheme.  The jack shall snap into outlets and patch panels.  The module shall include a black base to signify Category 6 400 MHz performance.
Category 6 Patch Cords shall be factory terminated with modular plugs featuring a one-piece, tangle-free latch design and black strain-relief boots to support easy moves, adds and changes.  They shall be constructed with Category 6 23-AWG stranded UTP cable.  Each patch cord shall be 100% performance tested at the factory in a channel test to the TIA/EIA Category 6 standard. Patch cords shall not be longer than 3 feet in length. 
The connectors shall snap into outlets and patch panels.
Copper Cable (Plenum rated)
Superior performance exceeds all TIA/EIA-568-C.2-1 Category 6 and ISO 11801 Edition 2.0 for   Class E cable requirements
ETL tested for Category 6 component performance
Conductors are twisted in pairs with four pairs contained in a flame retardant PVC jacket separated by a spline
Performance tested to 650 MHz
Plenum (CMP) and non-plenum/riser (CMR) flame rated
Maximum installation tension of 25 lbs. (110 N)
Installation temperature range: 32°F to 140°F (0°C to 60°C)
Operating temperature range: 14°F to 140°F (–10°C to 60°C)
Cable diameter: Riser – 0.260"; Plenum – 0.250"
Copper Cable (Non-Plenum Rated)
Exceeds requirements of ANSI/TIA-568-C.2 Category 6 and ISO 11801 2nd Edition Class E channel standards
Exceeds requirements of ANSI/TIA-568-C.2 and IEC 61156-5 Category 6 component standards
Meets requirements of IEEE 802.af and IEEE 802.3at for PoE applications
Third party tested to comply with ANSI/TIA/EIA-568-C.2
Cable diameter: 0.236 in. (5.9mm) nominal
Installation temperature range: 32°F to 122°F (0°C to 50°C)
Operating temperature range: 14°F to 140°F (-10°C to 60°C)
*********************************************************************************************
NTS: Power over Ethernet section to be included for field devices that are unable to function with the Owner’s standard POE switch. Past examples include cameras and certain access control equipment. Owner’s intention is to NOT have POE power supplies sprinkled throughout by others that are included elsewhere in this contract. If a particular supplier has equipment that may need POE injectors a sufficient POE rack mount supply shall be provided (even if just one device) and used.
*********************************************************************************************
POWER OVER ETHERNET (POE)
PoE panels shall comply with IEEE 802.3af and to provide power to compliant devices, while supporting 1 GbE data throughput for higher bandwidth connections. A status LED above each port shall designate when the port is actively supplying power.
An additional front panel LED shall indicate overall panel status. Labeling sections above each of six ports shall accommodate TIA-606-A compliant labeling. Rear 110 punch down connections shall accommodate TIA 568A and TIA 568B wire map and 48 VDC power output on pairs (1, 2) and (3, 6) and data on all pairs. Two RJ45 ports in the rear shall allow for network connectivity and management.
The power system shall occupy 1 RU of space. The power system shall accommodate modular rectifiers capable of supplying from 500W to 3,750W through combinations of 10A and 25A rectifier modules. All rectifier modules shall support 48 VDC output voltages. The power supply chassis shall accommodate up to three interchangeable rectifier modules. The rectifiers shall be hot pluggable and shall load share to meet versatile power needs. The chassis and panel combination shall operate at 93% efficiency. 
execution
WORK AREA OUTLETS
Cables shall be coiled in enclosures or surface-mount boxes if adequate space is present to house the cable coil without exceeding the manufacturers bend radius. Provide excess cable twice the height of the enclosure.  
Cables shall be dressed and terminated in accordance with the recommendations made in the TIA/EIA-568-C document, manufacturer's recommendations, and best industry practices.
Pair untwist at the termination shall not exceed 0.125 inch.
Bend radius of the cable in the termination area shall be a minimum of 8 inches.
The cable jacket shall be maintained to within one inch of the termination point.
Patch panel terminations shall be provided to match number of port connections with the spares provided to the Owner.
COPPER TERMINATION HARDWARE
Cables shall be dressed and terminated in accordance with the recommendations made in the ANSI/TIA-568-C standard, manufacturer's recommendations, and best industry practice.
Pair untwist at the termination shall not exceed 0.125 inch.  Bend radius of the cable in the termination area shall be a minimum of 8 inches.
Cables shall be neatly bundled and dressed to their respective panels or blocks.  Each panel or block shall be fed by an individual bundle separated and dressed back to the point of cable entrance into the rack or frame.
The cable jacket shall be maintained to within one inch of the termination point.
Each cable shall be clearly labeled on the cable jacket behind the patch panel at a location that can be viewed without removing the bundle support ties.  Cables labeled within the bundle, where the label is obscured from view shall not be acceptable.
INSTALLATION OF CABLE
General Requirements for Cabling:
Comply with TIA/EIA-568-C.1.
Comply with BICSI ITSIM, Chapter 6, "Cable Termination Practices."
Terminate all conductors; no cable shall contain unterminated elements. Make terminations only at indicated patch panels.
Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
Proper cable management shall comply with BICSI.
Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between termination, tap, or junction points. Remove and discard cable if damaged during installation and replace it with new cable.
Cold-Weather Installation: Bring cable to room temperature before de-reeling. Heat lamps shall not be used for heating.
In the communications equipment room, install a 10-foot- long service loop on each end of cable.
Pulling Cable: Comply with BICSI ITSIM, Chapter. 4, "Pulling Cable." Monitor cable pull tensions.
Hook and Loop (Velcro) to be used to maintain service loop. Wire ties, zip ties, or similar shall not be used.
Separation from EMI Sources:
Comply with BICSI TDMM and TIA/EIA-569-B recommendations for separating unshielded copper voice and data communication cable from potential EMI sources, including electrical power lines and equipment.
Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:
Electrical Equipment Rating Less Than 2 kVA: A minimum of 5 inches.
Electrical Equipment Rating between 2 and 5 kVA: A minimum of 12 inches.
Electrical Equipment Rating More Than 5 kVA: A minimum of 24 inches
Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:
Electrical Equipment Rating Less Than 2 kVA: A minimum of 2-1/2 inches.
Electrical Equipment Rating between 2 and 5 kVA: A minimum of 6 inches.
Electrical Equipment Rating More Than 5 kVA: A minimum of 12 inches.
Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:
Electrical Equipment Rating Less Than 2 kVA: No requirement.
Electrical Equipment Rating between 2 and 5 kVA: A minimum of 3 inches.
Electrical Equipment Rating More Than 5 kVA: A minimum of 6 inches.
Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or HP and Larger: A minimum of 48 inches.
Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 inches.
TESTING AND ACCEPTANCE
General:
All cables and termination hardware shall be 100% tested for defects in installation and to verify cabling system performance under installed conditions according to the requirements of ANSI/TIA/EIA-568-C-1 Section 11.  All pairs of each installed cable shall be verified prior to system acceptance.  Any defect in the cabling system installation including but not limited to cable, connectors, feed through couplers, patch panels, and connector blocks shall be repaired or replaced in order to ensure 100% useable conductors in all cables installed.  
All cables shall be tested in accordance with this document, the ANSI/TIA/EIA standards, and best industry practice.  If any of these are in conflict, the Contractor shall bring any discrepancies to the attention of the project team for clarification and resolution.
All twisted-pair copper cable links shall be tested for compliance to the requirements in ANSI/TIA/EIA/568-C.2 for the appropriate Category of cabling installed.
INSTALLATION
Install cable and connectors as indicated on the Drawings and as specified in this section.
Install cables in the indicated raceway systems.  Inspect raceways prior to pulling cables.  Rod and swab out conduits and ducts prior to installing cables.
Pull cables prior to attachment of connectors.  Terminate all cables at a patch panel.  Install jumper cables at patch panel as shown on the Drawings.
Pull cables using an indirect attachment method such as a "Kellam’s Grip" or equal which distributes the pulling forces over the outer portion of the cable.  Pulls directly on the copper core will not be allowed.
Do not exceed maximum pulling strength limits of the cable during installation.  Monitor cable pull tensions at all times during the installation of the cable using a remote sensing puller, strain gauge or running line tensiometer.  If electronic tension monitoring equipment is used, it shall be calibrated or checked for calibration on a daily basis or prior to any cable pull.
To reduce cable friction and minimize pulling forces during installation, use a polymer based, water soluble lubricant when pulling cable.
Do not exceed the minimum bend radius of the cable.  Tight loops, kinks, knots, or tight bends will not be allowed during installation.
For conduit installation, the minimum bending radius shall be 8 inches.  Use sweeping elbows at all transitions from horizontal to vertical conduit runs.
Do not make splices in cable.  Provide adequate run lengths on cable reels to make termination-to-termination runs without splices.
Provide handholes and pull boxes as required by the cable manufacturer.
Within manholes, route and support cable along the inside wall and protect using PVC conduit.
Identification meeting the requirement of Section 26 05 53, Identification for Electrical Systems, shall be provided for each cable at each junction box, pull box, manhole and handhole.
FIELD QUALITY CONTROL 
The Contractor shall supply all necessary test equipment and qualified personnel to perform tests described by this specification.
Test cables after field installation.  Tests shall be witnessed by the Engineer.  The Engineer shall be notified at least 24 hours in advance of testing.
The test shall be signed by the tester and initialed by the Engineer.
Furnish certification documents for each test to the Engineer within 10 days of testing.  Include printouts from the testing with the certification documents.  Record the following data:
Installer's company name and address.
Installer's name.
Date of certification.
Length of each link measured.
Equipment used to certify the link.
Name of person(s) recording the test data.
Cable Energizing:  
No cable shall be energized until the master copy of its test record is approved by the Engineer.
+ +  END OF SECTION  + +
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