26 05 05
GENERAL PROVISIONS FOR ELECTRICAL SYSTEMS
v. 3.21
GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals shown, specified, and required to complete the electrical Work.
Contractor shall be responsible for all electrical demolition.
Utility Companies:
*********************************************************************************************
NTS: Insert at (--1--) the name of the power company.  Insert at (--2--) the name of telephone company.  Delete if not applicable.  
*********************************************************************************************
Electric Utility Company: Perform the Work in connection with the electric service and utility metering in accordance with requirements of (--1--).
Telephone and Communications Utility Company: Perform the Work in connection with telephone service and communications services in accordance with requirements of (--2--).
Common electrical installation requirements
Coordination:
Review installation procedures and schedules under other Specification Sections and coordinate with other trades the installation of electrical items that will be installed with or within formwork, walls, partitions, ceilings, panels, and site work.
Coordinate arrangement, mounting, and support of electrical equipment:
To allow maximum possible headroom unless specific mounting heights that reduce headroom are indicated.
To provide for ease of disconnecting the equipment with minimum interference to other installations.
To allow right of way for piping and conduit installed at required slope.
So connecting raceways, cables, wireways, cable trays, and busways will be clear of obstructions and of the working and access space of other equipment.
Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are constructed.
Coordination and Intent of Electrical Drawings:
Dimensions on Drawings related to equipment are based on equipment of certain manufacturers.  Verify the dimensions of equipment furnished to space available at the Site and allocated to the equipment.
Drawings show the principal elements of the electrical Work, and are not intended as detailed working drawings for the electrical Work.  Drawings supplement and complement the Specifications and other Contract Documents relative to principal features of electrical systems.
Equipment and devices provided under this Contract shall be properly connected and interconnected with other equipment and devices for successful operation of complete systems, whether or not all connections and interconnections are specifically mentioned or shown in the Contract Documents.
Drawings are provided for Contractor’s guidance in fulfilling the intent of the Contract Documents.  Contractor shall comply with Laws and Regulations, including safety and electrical codes, and provide materials, equipment, appurtenances, and specialty items necessary for complete and operable systems.
Obtain from Owner record drawings required to execute the Work.
*********************************************************************************************
NTS: Retain paragraph “6”, below, when modifications to existing control circuits are required.  Edit to suit the Project.  Applicable Record Drawings consulted by the Engineer should be listed in the Supplementary Conditions at paragraph SC-4.02.  Delete when not applicable.
*********************************************************************************************
Field Coordination:
Provide materials, equipment, and services to interface with existing circuits.  Field-verify system and equipment requirements prior to modifying existing systems.
Coordinate the interface of equipment with field condition and Engineer.
Field-compare existing starter and panel control circuit terminations from record documents with existing circuits.
Field-trace existing circuits as required to interface the equipment provided.
Field-identify terminations for starters and panel controls for follow function for re-connection.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.

Insert at (--1--) all applicable Division 02 to Division 49 Specifications.
*********************************************************************************************
Section (--1--).
Section 33 32 19, Public Utility Wastewater Pumping Station
*********************************************************************************************
NTS: Edit paragraph “D”, below, for each project where electrical equipment furnished by others will be installed as part of the electrical Contractor’s work.  Insert at (--1--) the list of equipment and the entity that will furnish each item.  Coordinate with requirements of section 01 11 00, Summary of Work.  Delete paragraph “D” when not required.
*********************************************************************************************
Materials and Equipment Installed by Contractor but Furnished by Others:
(--1--).
Power Panel (PP)
Low-Voltage Control Panel (LVCP).
Area Classifications:
Materials, equipment, and incidentals shall be suitable for the area classification(s) shown, specified, and required.
*********************************************************************************************
NTS: Identify on the drawings limits of all hazardous, corrosive, and indoor wet locations.
*********************************************************************************************
Wet Locations: Comply with NEC and NEMA requirements for wet locations.  Enclosures in wet locations shall be stainless-steel and comply with NEMA 4X unless specified otherwise.
Corrosive Locations: Comply with NEC and NEMA requirements for corrosive locations.  Enclosures in corrosive locations shall be stainless-steel and conform to NEMA 4X requirements unless specified otherwise.
Hazardous Locations: Comply with NEC requirements for the Class and Division designated.
Dusty Locations: Indoor areas not designated as hazardous, corrosive, or wet are dusty locations.  Comply with NEC and NEMA 12 requirements unless specified otherwise.
MEASUREMENT AND PAYMENT
Mobilization and Demobilization 
Work Item Number and Title
26 05 05-A  Electrical Work
Payment for Electrical Work shall be a lump sum price.  
The Contractor shall provide all labor, materials, and equipment, both temporary and permanent associated with: removal and replacement of the existing electrical system. Additionally, this item includes salvage of existing power and control panels; disposal of equipment not claimed by plant staff; communication systems installation and adjustment; testing, to include systems demonstrations, start-up services and instruction; and adjustment of equipment.
QUALITY ASSURANCE
Qualifications:
Electrical Subcontractor:
Electrical Subcontractor shall possess a valid electricians’ and contractors’ license in the jurisdiction where the Site is located.
*********************************************************************************************
NTS: Retain paragraph “b” below for unique or specialty projects Edit “b” below for project specific requirements. Delete paragraph “b” when not required.
*********************************************************************************************
If requested by Engineer, submit the following information for not less than three successful, completed projects: project name and location; year completed; name and contact information for: prime Contractor for whom electrical Subcontractor worked, project Owner, and project Engineer or architect, including addresses and telephone numbers.
Wiring Coordination:
Contractor shall be responsible for preparing complete point-to-point interconnection wiring diagrams.  Diagrams shall identify all external interconnecting wiring associated with new or modified existing equipment. 
Develop diagrams for performing the Work and to document terminations.  Prepare diagrams in accordance with this Section and the example wiring diagram accepted by Engineer.  Diagrams are in addition to loop diagrams required in Section 40 61 13, Process Control Systems General Provisions.
Component Supply and Compatibility:
Materials and equipment similar to each other shall be from the same manufacturer for uniformity.
Regulatory Requirements:
Contractor shall obtain all permits required to perform the work shown in these documents.
*********************************************************************************************
Permits: Refer to the General Conditions, Supplementary Conditions, and other parts of the Contract Documents for responsibilities relative to obtaining and paying for permits, licenses, and inspection fees, as applicable. NTS: Review section 01 65 00, Product Delivery Requirements, and section 01 66 00, Product Storage and Handling Requirements, and insert at No. 1 requirements, if any, specific to all electrical systems work.  When not required, delete article “1.3.C”.
*********************************************************************************************
DELIVERY, STORAGE, AND HANDLING
Refer to each Division 26 Specification for each products Delivery, Storage, and Handling requirements.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittal. Submit the following:
Product Data 
Electrical Systems - Product Data
Manufacturer's name and product designation or catalog number.
Electrical ratings.
Manufacturer’s technical data and specifications.
Manufacturer’s indication of compliance with applicable reference standards.
Painting and coating systems proposed.
Shop Drawings 
Internal Wiring Diagram and Drawings
Must indicate all connections to components and numbered terminals for external connections.
Dimensioned Plan, Section, Elevations, and Panel Layouts 
Show means for mounting, conduit connection, and grounding.
Components List
Include manufacturer’s name and catalog number (or part number) for each.
*********************************************************************************************
NTS: Include paragraph “d”, below when required by Owner requirement and the anticipated scope of engineering services for the construction phase includes such reviews.  Otherwise, delete.
*********************************************************************************************
Point-to point Interconnection Wiring Diagrams.
Samples (NOT USED)
Delegated Design Submittals (NOT USED)
Informational Submittals. Submit the following: 
Certificates 
Manufacturer’s Certificate of Compliance with Applicable Reference Standards.
Test and Evaluation Reports 
Electrical Systems - Test Procedures
Proposed testing procedures and testing limitations for source quality control testing and field quality control testing.
Manufacturers’ Instructions 
Electrical Systems - Manufacturer’s Instructions
Installation data and instructions.
Instructions for handling, start-up, and troubleshooting.
Source Quality Control Submittals 
Electrical Systems - Source Quality Control Test Results
Results for required shop testing. Refer to each individual specification section.
Field Quality Control Submittals 
Electrical Systems Field Quality Control Test Results
Results for required field testing
Qualifications Statements 
Electrical Subcontractor Qualification Statement
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
*********************************************************************************************
NTS: Review section 01 78 39, Project Record Documents, and edit paragraph “2”, below, to suit the Project.
*********************************************************************************************
Operation and Maintenance Data (NOT USED)
Record Documentation 
Electrical System Record Drawings
One-line wiring diagram of the electrical distribution system.
Actual, in-place conduit and cable layouts with schedule of conduit sizes and number, and size of conductors.
Layouts of the power and lighting arrangements and the grounding system.
Control schematic diagrams, with terminal numbers and control devices identified, for all equipment.
Panel Schedules with circuit numbers and loads. 
Record documents shall indicate final equipment and field installation information.
Instrumentation and Control Wiring Diagrams shall include the following:
electrical schematics of, but not be limited to; electrical enclosures, instrumentation, and interconnects to field devices. 
Point-to-Point Interconnection Wiring Diagram Drawings: Include the following:
External control wiring for each piece of equipment, panel, instrument, and other devices and wiring to control sta­tions and motor controllers.
Numbered terminal block identification for each wire termination.
Identification of the assigned wire numbers for all interconnections.
Identification of wiring by the conduit tag in which the wire is installed.
Terminal, junction, and pull boxes through which wiring is routed.
Identification of equipment and the submittal transmittal number for equipment from which wiring requirements and termination information was obtained.
Submittals shall be Editable AutoCAD file (.dwg format) of installed Wiring Diagram. AutoCAD file shall be in the current version of AutoCAD used by the Owner.
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)
PRODUCTS
Performance Criteria:
Electrical equipment shall be capable of operating successfully at full-rated load, without failure, with ambient outside air temperature of (--1--) degrees F to (--2--) degrees F and an elevation of (--3--) feet above mean sea level.
Unless specified otherwise, electrical equipment shall have ratings based on 75 degrees C terminations.
Testing Laboratory Labels: Electrical material and equipment shall bear the label of Underwriters' Laboratories, Inc. or other nationally recognized, independent testing laboratory, where standards have been established and label service applies.
EXECUTION
INSPECTION
Examine conditions under which Work will be performed and notify Engineer in writing of conditions detrimental to the proper and timely completion of the Work. Do not proceed with Work until unsatisfactory conditions are corrected.
INSTALLATION
General:
Install materials and equipment in accordance with the Contract Documents, Laws and Regulations, approved (and accepted, as applicable) Shop Drawings and other Contractor submittals, and manufacturer’s recommendations.
Define and identify all wiring, circuit terminations, and equipment to be modified to ensure proper interface of components.  The Contract Price includes all costs associated with field services specified for a complete and functional system.
Perform work in a neat and workmanlike manner.
Common Requirements for Electrical Installation
Comply with NECA 1.
Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-mounting items.
Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange and install components and equipment to provide maximum possible headroom consistent with these requirements.
Equipment:  Install to facilitate service, maintenance, and repair or replacement of components of both electrical equipment and other nearby installations.  Connect in such a way as to facilitate future disconnecting with minimum interference with other items in the vicinity.
Right of Way:  Give to piping systems installed at a required slope.
*********************************************************************************************
NTS: Review and edit section 01 11 00, Summary of Work, to address electrical systems work. 
*********************************************************************************************
Staging, Sequencing, and Coordination with Existing Facilities:
Schedule, sequence, and install materials and equipment in accordance with Section 01 11 00, Summary of Work. 
Perform the Work in a manner that will not interfere with the existing equipment and facilities or cause interruption of the functions of the Site, unless specified otherwise or otherwise allowed by Engineer.
When operation of existing facilities and Site is to be disrupted due to Contractor’s operations, coordinate with Engineer.
Where the Work ties in with existing installations, take precautions and provide safeguards in connecting the Work to existing operating circuits to prevent interruption to existing circuits.  Connection of Work to existing circuits shall be performed in the presence of Engineer.
Interruptions of existing circuits shall be coordinated with the Engineer who will determine the length of time a circuit may be de-energized to maintain processes in dependable and safe operation.
FIELD QUALITY CONTROL
Field Quality Control – General:
Perform field quality control for electrical Work in accordance with the Contract Documents.
Site Tests:
Prior to requesting certificate of Substantial Completion, demonstrate to Engineer that electrical systems and electrically-operated equipment installed or modified under the Contract operates in accordance with the Contract Documents and operates as required.
Perform the following operational tests on electrical systems:
*********************************************************************************************
NTS: Edit or delete paragraphs “a” through “d”, below, to suit the Project.
*********************************************************************************************
Operate power circuits to verify proper operation and connection to electrical systems materials and equipment, including mechanical key-interlocks for circuit breakers.
Remove and re-apply power supply to automatic transfer equipment to verify operation.  Activate standby power systems to verify their automatic start-up, proper de-energization, and cool down upon resumption of normal power supply.
Operate control circuits, including pushbuttons, indicating lights, and similar devices, to verify proper connection and function.  Operate all devices, such as pressure switches, flow switches, and similar devices, to verify that shutdowns and control sequences operate as required.
Operate lighting systems and receptacle devices to verify proper operation and connections.
Prepare and submit report on the equipment demonstration and operating field quality control tests.  Report shall include complete information on the tests performed and results.
Manufacturer’s Services:
Furnish at the Site qualified, factory-trained representative(s) of equipment manufacturers for the services indicated in the Contract Documents.
+ + END OF SECTION + +
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MEDIUM VOLTAGE CABLES
v. 5.20
*********************************************************************************************
NTS: This specification section should be used on projects with distribution cables rated for 1KV to 35 KV.
*********************************************************************************************
1. GENERAL
0. DESCRIPTION
0. Scope:
0. Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install medium voltage cable.
0. This Section includes cables and related splices, terminations, and accessories for medium-voltage electrical distribution systems.
0. MEASUREMENT AND PAYMENT
1. This item is to be included in overall Project cost and not bid as a separate Work item.  
0. REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
2. Standards referenced in this Section are:
0. AEIC CS8, Specification for Extruded Dielectric Shielded Power Cables Rated 5 through 46 kV.
0. ANSI C2, National Electrical Safety Code.
ANSI/NETA ATS, Acceptance Testing Specifications for Electrical Power Equipment and Systems
ASTM B3, Specification for Soft or Annealed Copper Wire
ASTM B8, Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard or Soft.
ASTM B33, Specification for Tinned Soft or Annealed Copper Wire for Electrical Purposes.
ICEA S‑93‑639, 5-46 KV Shielded Power Cables for use in the Trans-mission and Distribution of Electric Energy.
IEEE 48, Standard Test Procedures and Requirements for Alternating-Current Cable Terminations 2.5kv through 765kv.
IEEE 404, Standard for Extruded and Laminated Dielectric Shielded Cable Joints Rated 2500 V to 500 000 V
IEEE 400.2-2013, Guide for Field Testing of Shielded Power Cable Systems Using Very Low Frequency (VLF)
UL 1072, Medium-Voltage Power Cables.
DEFINITIONS
NETA ATS:  Acceptance Testing Specification.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Medium Voltage Cables - Product Data
Manufacturer’s literature and technical information indicating compliance with the Contract Documents.
Literature identifying the methods and materials proposed for making splices and terminations.  Submittal shall consist of manufacturer literature for cables, splices, and accessories evidencing compatibility of conductor insulation, shield, and jacket of cable with splicing or terminating materials, and methods proposed for use.
Shop Drawings 
Medium Voltage Cables - Shop Drawings
Listing of locations where splices are proposed
Samples (NOT USED)
Delegated Design Submittal 
Medium Voltage Cables - Delegated Design Submittal
Project specific cable pulling calculations from cable manufacturing including: 
Acceptable cable tensions that shall not be exceeded during installation
Project cable tension calculations, not exceeding allowable limits
Splice locations
Pull points
Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals 
Medium Voltage Cables – Source Quality Control
Submit results of factory tests. 
Include testing procedures utilized.
Field Quality Control Submittals 
Medium Voltage Cables – Field Quality Control
Submit results of field quality control testing.  
Include testing procedures utilized.
Qualifications Statements 
Qualification of Splicing and Termination Personnel 
Qualification of Independent Testing Agency.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data 
Medium Voltage Cables - Operation and Maintenance Data
Include maintenance data for cables and accessories
Include manufacturer’s written instructions for periodic tests of cables in service
Submit in accordance with Section 01 78 23
Include operating instructions for fault indicators and separable insulated connectors and their accessories.
Record Documentation 
Medium Voltage Cables - Record Documentation
Include on record documents actual location and routing of medium voltage cable installations in accordance with Section 01 78 39, Project Record Documents.
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)
QUALITY ASSURANCE
Qualifications:
Independent Testing Agency:
Contractor shall retain services of testing agency for field quality control testing of installed medium voltage cables.
Testing agency shall have experi­ence inspecting and testing cables of type specified, and shall be a member company of NETA.
Test Equipment, Calibration and Reporting: Test equipment, instrument calibration, and test reports shall be in accordance with ANSI/NETA ATS.
Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association or the National Institute for Certification in Engineering Technologies to supervise on-site testing specified in Part 3.
Manufacturers Qualifications:
Manufacture under a Quality Assurance System such as Appendix B of Federal Register 10 CFR 50, ANSI N45.2, ISO 9001:2008, or equivalent.
Installer Qualifications:
Engage experienced installer of medium-voltage electrical cable to perform installation specified in this section.  In addition, for specific work of cable splicing and termination, engage installers who are experienced in cable splices for specific types of cable and cable accessories specified in this section.
Regulatory Requirements:
Tests by Independent Agencies: Cable shall bear label of Underwriters Laboratories, Inc.
Utilities:
*********************************************************************************************
NTS: Insert at No. 1 the name of the power company.  Delete if not applicable.
*********************************************************************************************
Perform Work in connection with utility service in conformance with requirements of (--1--).
Source Limitations:  Obtain cables through one source from a single manufacturer.
Source Limitations:  Obtain cable accessories through one source from a single manufacturer.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
Comply with IEEE C2 and NFPA 70.
DELIVERY STORAGE AND HANDLING
Deliver medium voltage cable on factory reels conforming to NEMA Standard WC 26.
Store cables on reels on elevated platforms in clean, dry location.
Do not lay reels’ flat
Keep ends of cable sealed if stored to deter moisture penetration.
PRODUCTS
MATERIALS
General:
*********************************************************************************************
NTS: Edit paragraph “1” as required and select voltages that suit the Project.
*********************************************************************************************
Cable provided under this Section shall be rated for insulation level of 133 percent at five, or 15, or 35 KV.
Cable insulation shall be suitable for normal installation indoors or outdoors, in conduit, in air, and intermittent or continuous submergence in water.
Conductor Insulation: Crosslinked Polyethylene or Ethylene Propylene Rubber.
*********************************************************************************************
NTS: Select one version of “4” below and delete other. MV 105 is typically used for most projects. When PVC-type raceways are used, limit the MV 105 cable design ampacity to the current rating associated with 90 degrees C.
*********************************************************************************************
Cable shall be single conductor bearing UL label “MV 90” and comply with or exceed applicable ICEA and AEIC standards.
Cable Temperature Rating:
90 degrees Celsius 
Cable shall be single conductor bearing UL label “MV 105” and comply with or exceed applicable ICEA and AEIC standards.
Cable Temperature Rating:
105 degrees Celsius 
Comply with UL 1072, AEIC CS 8
Cable Manufacturers: Provide products of one of the following:
Kerite Company.
The Okonite Company.
General Cable Technologies Corporation.
Southwire Company.
Rome Cable Corporation.
Prysmian
Cable Materials:
Conductor: Conductors shall be soft or annealed uncoated or tinned coated copper with concentric‑lay Class B round stranding in accordance with ASTM B8, and ASTM B3 or ASTM B33.
Insulation System: Cable insulation system shall include two separate screen layers, primary insulation and shield.
Cable Jacket: Chlorosulfonated polyethylene, CPE.
Strand Filling: Conductor interstices are filled with impermeable compound
Cable Connectors:
Connectors shall be copper, tin-plated, long-barrel compression type.  Suitable for voltage applications up to 35 kv.
For sizes 1/0 AWG and larger, connectors shall be two-hole mount type with provisions for two bolts for joining to apparatus terminal.
Use carbon steel bolt with Belleville Washer Nut (or approved equal) and torque to manufacturer’s recommended specs.
Manufacturers: Provide products of one of the following:
FCI-Burndy.
T&B Connectors.
Panduit
Cable Terminations:
Cable terminations shall comply with Class 1 requirements of IEEE 48.
Terminations shall be molded elastomer, wet-process porcelain or heat-shrinkable types with grounding provisions for cable shielding.
Manufacturers: Provide products of one of the following:
Elastimold.
G&W Electric Company.
Raychem Corporation.
3M Company.
RTE Components; Cooper Power Systems, Inc.
Cable Splices:
Splice Kits: Comply with IEEE 404; type as recommended by cable or splicing kit manufacturer for the application.
Make cable splices using standard splice kits that reinstate cable’s insulation and jacket and continue metallic shielding through entire cable joint.
Splices shall be premolded, conventional tape or heat-shrinkable type.
Manufacturers: Provide products of one of the following:
Elastimold.
G&W Electric Company.
Raychem Corporation.
3M Company.
RTE Components; Cooper Power Systems, Inc.
Solid Terminations
Shielded-Cable Terminations:  Based on specified material type and installation, comply with the following applicable class of IEEE 48.  Insulation class is equivalent to that of cable.  Include shield ground strap for shielded cable terminations.
Class 1 Terminations:  Modular type, furnished as a kit, with stress-relief tube; multiple, molded-silicone rubber, insulator modules; shield ground strap; and compression-type connector.
Class 1 Terminations:  Heat-shrink type with heat-shrink inner stress control and outer nontracking tubes; multiple, molded, nontracking skirt modules; and compression-type connector.
Class 1 Terminations:  Modular type, furnished as a kit, with stress-relief shield terminator; multiple-wet-process, porcelain, insulator modules; shield ground strap; and compression-type connector.
Class 1 Terminations, Indoors:  Kit with stress-relief tube, nontracking insulator tube, shield ground strap, compression-type connector, and end seal.
Class 2 Terminations, Indoors:  Kit with stress-relief tube, nontracking insulator tube, shield ground strap, and compression-type connector.  Include silicone-rubber tape, cold-shrink-rubber sleeve, or heat-shrink plastic-sleeve moisture seal for end of insulation whether or not supplied with kits.
Class 3 Terminations:  Kit with stress cone and compression-type connector.
Nonshielded-Cable Terminations:  Kit with compression-type connector.  Include silicone-rubber tape, cold-shrink-rubber sleeve, or heat-shrink plastic-sleeve moisture seal for end of insulation whether or not supplied with kits.
Pulling Compound:
Provide pulling compound to facilitate wiring pulling.  Compound shall be UL-listed, waxed or water based type.  Compound shall be compatible with all jacket types.
Pulling tension coefficient of friction shall not exceed 0.35.
Use winter-grade compound for outdoor, low-temperature installations.
Manufacturers: Provide products of one of the following:
Ideal Industries.
Greenlee.
3M Clear
Fireproofing Tape for Cables in Manholes, Handholes, Switchgear, Transformers, and Boxes:
Tape for First Course on Metal Objects:  10-mil- (250-micrometer-) thick, corrosion-protective, moisture-resistant, PVC pipe-wrapping tape.
Arc-Proofing Tape:  3M Fireproof tape or approved equal, flexible, conformable, intumescent to 0.3 inch (8 mm) thick, compatible with cable jacket.
Glass-Cloth Tape: 3M Pressure-sensitive adhesive type or approved equal, 1- inch (25 mm) wide.
*********************************************************************************************
NTS: Confirm with Owner that color coding in paragraph “J” conforms with Owner’s standard and edit accordingly.
*********************************************************************************************
Color code cables by applying general purpose, flame-retardant tape, wrapped in overlapping turns covering an area of at least two inches.  Colors shall be as follows:
Grounded Neutral: Gray
Phase A: Brown.
Phase B: Orange.
Phase C: Yellow.
Separable Insulated Connectors
Description:  Modular system, complying with IEEE 386, with disconnecting, single-pole, cable terminators and with matching, stationary, plug-in, dead-front terminals designed for cable voltage and for sealing against moisture.
Terminations at Distribution Points:  Modular type, consisting of terminators installed on cables and modular, dead-front, terminal junctions for interconnecting cables.
Load-Break Cable Terminators:  Elbow-type units with 200-A load make/break and continuous-current rating; coordinated with insulation diameter, conductor size, and material of cable being terminated.  Include test point on terminator body that is capacitance coupled.
Dead-Break Cable Terminators:  Elbow-type unit with 600-A continuous-current rating; designed for de-energized disconnecting and connecting; coordinated with insulation diameter, conductor size, and material of cable being terminated.  Include test point on terminator body that is capacitance coupled.
Dead-Front Terminal Junctions:  Modular bracket-mounted groups of dead-front stationary terminals that mate and match with above cable terminators.  Two-, three-, or four-terminal units as indicated, with fully rated, insulated, watertight conductor connection between terminals and complete with grounding lug, manufacturer's standard accessory stands, stainless-steel mounting brackets, and attaching hardware.
Protective Cap:  Insulating, electrostatic-shielding, water-sealing cap with drain wire.
Portable Feed-Through Accessory:  Two-terminal, dead-front junction arranged for removable mounting on accessory stand of stationary terminal junction.
Grounding Kit:  Jumpered elbows, portable feed-through accessory units, protective caps, test rods suitable for concurrently grounding three phases of feeders, and carrying case.
Standoff Insulator:  Portable, single dead-front terminal for removable mounting on accessory stand of stationary terminal junction.  Insulators suitable for fully insulated isolation of energized cable-elbow terminator.
Test-Point Fault Indicators:  Applicable current-trip ratings and arranged for installation in test points of load-break separable connectors, and complete with self-resetting indicators capable of being installed with shotgun hot stick and tested with test tool.
SOURCE QUALITY CONTROL
Factory Testing:
Cables shall be factory tested in accordance with testing standards of ICEA and UL.
Conductors shall comply with electrical resistance requirements of ICEA.
EXECUTION
INSTALLATION
Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:
Notify Construction Manager no fewer than fourteen days in advance of proposed interruption of electric service.
Contractor shall not proceed with interruption of any electric service without approval of Construction Manager. 
Install cables complete with proper terminations at both ends.  Check for proper phase sequence and proper motor rotation.
Splice and terminate medium voltage cables in accordance with cable manufac­turer’s recommendations.
Use experienced personnel familiar with materials and procedures to be employed.
Make splices watertight for below-grade installations, and submersible in manholes and handholes.
Seal cable ends after pulling until termination kits are ready to be installed.
Pulling:
Use insulating types of pulling compounds containing no mineral oil.
Pulling tension shall be within limits recommended by cable manufacturer.
Use dynamometer when mechanical means are used.
Cut off section subject to mechanical means.
Bending Radius: Per manufacturers’ recommendations.
Slack: Provide maximum slack at terminal points and in manholes.
Wrap cables located within manholes, handholes, switchgear, transformers, and boxes with fireproofing/arc-proofing tape for cable’s entire length for each individual cable.  Fireproof cables in accordance with cable manufacturer’s recommendations, and cover cables with tape extending at least one inch into each duct.
Clean cable sheath.
Wrap metallic cable components with 10-mil (250-micrometer) pipe-wrapping tape.
Smooth surface contours with electrical insulation putty.
Apply fireproofing/arc-proofing tape in one half-lapped layer with coated side toward cable.
Band fireproofing/arc-proofing tape with 1-inch- (25-mm-) wide bands of half-lapped, adhesive, glass-cloth tape 2 inches (50 mm) o.c.
Seal around cables passing through fire-rated elements and preserve fire-rating. 
Identification: Identify conductors by circuit number and phase at each terminal or splice location.
Install cables according to IEEE 576.
Install exposed cables parallel and perpendicular to surfaces of exposed structural members and follow surface contours where possible.
Warning Tape and Tracer Wire
Underground conduits
Warning tape shall be a continuous strip of red polyethylene and shall have the words “CAUTION ELECTRIC LINE BELOW” printed on 2'-6" centers.
Tracer wire shall be a red, #12 AWG stranded copper wire with polyethylene or (HDPE), 45 mil thick insulation, approved for direct buried applications.
Underground duct banks
Install the continuous marking tape 18" below grade along the centerline of all underground duct banks and conduit runs.
Install the tracer wire directly on the center of each duct bank or centered between conduits. Where a duct spurs, splice the tracer wire with a manufacturer approved direct burial splice kit. Terminate the tracer wire at each end inside a short section of rigid PVC conduit. If the duct terminates inside a building or structure cap the conduit inside the building. If the duct terminates at an enclosure, extend the section of conduit into the enclosure. Permanently identify the tracer wire as a “Duct Bank Tracer” on each end.
In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls by the longest route from entry to exit and support cables at intervals adequate to prevent sag.
Install cable splices at pull points and elsewhere as indicated; use standard kits.
Install terminations at ends of conductors and seal multi-conductor cable ends with standard kits.
Install separable insulated-connector components as follows:
Protective Cap:  At each terminal junction, with one on each terminal to which no feeder is indicated to be connected.
Portable Feed-Through Accessory:  Three.
Standoff Insulator:  Three.
Ground shields of shielded cable at terminations, splices, and separable insulated connectors.  Ground metal bodies of terminators, splices, cable and separable insulated-connector fittings, and hardware.
FIELD QUALITY CONTROL
*********************************************************************************************
NTS: The testing specified is not intended for preventative maintenance cable testing and will require editing when preventative maintenance testing is required.

Testing specified in paragraph “A” addresses acceptance testing requirements suitable for new cable installations.  DC testing shall be used.  
*********************************************************************************************
Tests and Inspections:
Perform acceptance testing of medium voltage cable system.  Each cable circuit shall be inspected and tested on an individual, per-phase basis.  Testing and inspection shall be performed by independent testing agency.
Visual and Mechanical Inspection: Inspect each power cable installation in accordance with ANSI/NETA ATS.  Inspect each splice and termination.
Electrical Tests: Perform electrical testing of each power cable in accordance with ANSI/NETA ATS and manufacturer’s recommended testing procedures.  Testing shall include:
Shield continuity test.
VLF (Very Low Frequency) testing per manufacturer’s recommendations or DC high potential test.  Comply with IEEE 400.2-2013 for VLF testing.
Adhere to following procedures before performing over-potential tests:
Disconnect all equipment, including but not limited to: transformers, switches, motors, circuit breakers, and surge arrestors from cable circuit to prevent test interruptions due to flashovers or trip-outs resulting from excessive leakage current.
Establish adequate clearance between circuit test ends and grounded objects and to other equipment not under test.
Ground all circuit conductors not being tested, all cables shields, and nearby equipment.
Clean insulation surfaces.
Keep cable ends dry.
Apply high-potential slowly in eight to ten equal steps to 80 percent of manufacturer’s test value.  Record leakage current at each test voltage.
Stop the test if leakage current increases excessively or if a “knee” appears in the curve before reaching maximum test voltage.
Upon reaching specified maximum test voltage, maintain voltage for 15 minutes, record leakage current at 30 seconds, one minute, and at one-minute intervals thereafter. 
Reduce conductor test potential to zero and measure residual voltage at discrete intervals.
Apply grounds for a time period adequate to drain all insulation stored charge.
Repair or replace and retest new cable that fails tests.
Tests shall be signed by the individual performing tests and submitted to Engineer.
*********************************************************************************************
NTS: Retain paragraph “4” where existing cables are spliced to new cables.  The age and type of existing cable should be considered when splicing to existing cable is desired.  DC high-potential testing should be avoided in cases when cable is older than five years.
*********************************************************************************************
Where existing cables are spliced to cables provided under this Contract, new cable shall be high-potential tested prior to splicing.  After acceptance of test of new cable, make the splice and insulation-resistance test entire cable.  Perform shield continuity test.  When tests are positive, perform high-potential test.  Test voltage and procedures shall be in accordance with ANSI/NETA ATS and manufacturer’s recommendations.  Cable failures shall be brought to attention of Engineer in writing.
Existing cables: perform a maintenance test per cable manufacturer’s recommendations.
Cable Tension Field Quality Control: 
As per manufacturers recommendation for pulling tension and as witnessed by Engineer in the field.
Training
Conduit training in fault analysis, testing, troubleshooting, servicing, and preventative maintenance.
Include both class room training in system orientation and hands-on problem solving and equipment operation.
Training shall be submitted and completed in accordance with Section 01 79 23 Instruction of Operations and Maintenance Personnel.
+ + END OF SECTION + +

MEDIUM VOLTAGE CABLES	26 05 13-9
v. 5.20
[bookmark: Section4]26 05 19 
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
v. 3.21
*********************************************************************************************
NTS: Building wires and cables and associated splices, connectors, and terminations for wiring systems rated 600 v and less.
*********************************************************************************************
1. GENERAL
1. DESCRIPTION
0. Scope:
0. Contractor shall provide all labor, materials, equipment, and incidentals shown, specified, and required to furnish and install low-voltage conductors and cabling.
0. Types of cabling required include:
*********************************************************************************************
NTS: Edit paragraphs “a” through “d”, below, to suit the project.
*********************************************************************************************
1. Insulated cable for installation in raceways.
Cable for installation in cable trays.
Direct-burial cable.
Direct-burial cable duct.
0. Related Sections:
*********************************************************************************************
NTS: List at (--1--) below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural Division 01 Sections.  
*********************************************************************************************
1. Section 26 05 53, Identification for Electrical Systems.
1. Section 31 00 05 Trenching and Earthwork
Section (--1--).
1. MEASUREMENT AND PAYMENT
1. This item is to be included in overall Project cost and not bid as a separate Work item.  
1. REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
2. Standards referenced in this Section are:
ANSI/NETA ATS, Acceptance Testing Specifications for Electrical Power Equipment and Systems.
ASTM B3, Specification for Soft or Annealed Copper Wire.
ASTM B8, Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard or Soft.
ASTM D3485, Specification for Smooth-Wall Coilable Polyethylene (PE) Conduit (Duct) for Preassembled Wire and Cable.
ASTM F2160, Solid Wall High Density Polyethylene (HDPE) Conduit Based on Controlled Outside Diameter (OD).
NEMA TC 7, Smooth Wall Coilable Electrical Polyethylene Conduit.
UL 44, Thermoset-Insulated Wires and Cables.
UL 1277, Electrical Power and Control Tray Cables with Optional Optical-Fiber Members.
*********************************************************************************************
NTS: Add requirements at (--1--) below if project requires special delivery methods.
*********************************************************************************************
1. DELIVERY, STORAGE, AND HANDLING
3. Deliver wire and cable according to NEMA WC 26.
(--1--)
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
1. SUBMITTALS
4. Action Submittals. Submit the following:
0. Product Data 
0. Instrumentation Cables - Product Data
0. Manufacturer’s technical information for instrumentation cables and communications cables proposed.
0. Shop Drawings
1. Cable Tray Layout - Shop Drawings 
0. For cable tray layout, showing cable tray route to scale, with relationship between the tray and adjacent structural, electrical, and mechanical elements.  Include the following:
0. Vertical and horizontal offsets and transitions.
0. Clearances for access above and to side of cable trays.
0. Vertical elevation of cable trays above the floor or bottom of ceiling structure.
0. Load calculations to show dead and live loads as not exceeding manufacturer's rating for tray and its support elements.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
4. Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals (NOT USED)
1. Field Quality Control Submittals
0. Instrumentation Cables - Field Quality Control
0. Written report of results of field quality control testing specified in this Section.
1. Qualifications Statements
1. Independent Testing Agency Qualification Data
0. Submit proof of independent testing agencies qualifications for BICSI as an RCDD to supervise on-site testing.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
4. 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)
4. Maintenance Material Submittals. (NOT USED)
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
1. QUALITY ASSURANCE
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
5. Items provided under this Section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
0. Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
5. Regulatory Requirements: Comply with the following:
1. NEC Article 300, Wiring Methods.
NEC Article 310, Conductors for General Wiring.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
1. PRODUCTS
*********************************************************************************************
NTS: Retain and edit applicable paragraphs under article “2.1”, below, to suit the project.
*********************************************************************************************
2. MATERIALS
0. Building Wires and Cables
0. UL-listed building wires and cables with conductor material, insulation type, cable construction, and rating as required to meet application and NEC requirements.
Wire and cable for 600 volts and below: Soft drawn, copper wire with 600-volt insulation.
0. Conductors:
0. Annealed, copper in accordance with ASTM B33.
0. Stranding: Class B in accordance with ASTM B8.
0. Insulations and Coverings:
1. Rubber: Conform to NEMA WC 3.
1. Thermoplastic: Conform to NEMA WC 5.
1. Cross-Linked Polyethylene: Conform to NEMA WC 7.
1. Ethylene Propylene Rubber: Conform to NEMA WC 8.
0. Feeders and service conductors: Single conductor Type XHHW-2.
0. Branch Circuits:
2. Single Conductor Type THHN/THWN: Above ground and underfloor conduits.
Single Conductor Type XHHW-2: Duct bank conduit.
No. 12 AWG minimum size (unless otherwise noted) for branch circuit wiring, including motor circuits.
Size 120 v branch circuits for length of run on the following basis:
0. 0 to 50 ft Run from Panelboard to first outlet: No. 12 AWG minimum.
51 to 100 ft Run: Increase one wire size, i.e., No. 12 AWG becomes No. 10 AWG.
101 to 150 ft Run: Increase two wire sizes, i.e., No. 12 AWG becomes No. 8 AWG.
151 ft and above: Wiring sized for 3% maximum voltage drop.
2. For other branch circuits, voltage drop for branch circuits and feeder circuit combined shall not exceed requirements of the NEC Article 210.
0. Control Circuits:
3. Single conductor Type THHN/THWN: Above ground and underfloor conduits.
3. No. 14 AWG stranded copper minimum size (unless otherwise noted).
3. Multi-wire cable assembly: Duct bank conduits.
0. Non-shielded Instrumentation, Graphic Indication, and Other Control Wiring Operating at Less Than 120 v: No. 14 AWG stranded copper except as otherwise indicated with same insulation as control circuits.
4. Single conductor Type THHW/THWN, above ground and underfloor conduits.
4. Multi-wire cable assembly: Duct bank conduits.
0. Shielded instrumentation wiring, above ground and underfloor conduits:
5. PVC insulation, tinned copper (19 by 27) stranded, No. 16 AWG, twisted pair or triplet cabled with aluminum mylar shielding, stranded, tinned, No. 18 AWG copper drain wire, and overall black FR-PVC, 90˚C, 600-volt jacket.
5. Multi-wire cable assembly: duct bank conduits.
0. Telephone Wire, above ground conduits:
6. Vinyl insulation, tinned copper, solid twisted pair, cabled conductors, and silver-gray vinyl jacket.
0. Up to 4 conductors per cable: 22 AWG solid wire.
0. Over 4 conductors per cable: 24 AWG solid wire.
0. Duct Bank: High density polyethylene jacketed multi-wire cable assemblies.
0. Fire Pump Feeder: Type MI, 3-conductor copper.
0. Multi-Wire Control and Instrumentation Cable Assemblies:
8. Multi-conductor, color-coded cable with number and size of conductors indicated.
8. Where spare conductors are not indicated provide 10% spare conductors. One pair minimum.
8. Control and non-shielded instrumentation.
2. Bare soft stranded No. 14 or 12 AWG copper in accordance with ASTM B3.
2. Class B stranded in accordance with ASTM B8.
2. Type THWN insulation also meeting requirements of NEMA WC-5 with armor-nylon in accordance with UL 83-THHN/THWN.
2. Color coded or numbered in accordance with NEMA WC-5 Method I Table K-2
2. Cabled with suitable fillers.
2. Overall black FR-PVC, 90°C, 600-volt sunlight resistant jacket.
2. UL listed for installation in cable trays in accordance with NEC Art. 318, Class I, Division 2 hazardous areas and in accordance with NEC 340 and for direct burial.
8. Shielded Instrumentation:
3. Bare soft stranded No. 16 AWG copper in accordance with ASTM B3.
3. Class B stranded tinned copper in accordance with ASTM B8.
3. PVC with nylon armor insulation.
3. Twisted pairs color coded in accordance with NEMA WC-5 Method I Table K-2, and numbered.
3. Individual and overall aluminum mylar shields and seven strand tinned copper drain wires.
3. Overall black FR-PVC 90°C 600-volt sunlight resistant jacket.
3. UL listed for installation in cable trays in accordance with NEC 318, Class I, Division 2 hazardous areas in accordance with NEC 340 and for direct burial.
0. Cable Connectors, Solderless Type:
1. For wire sizes No. 4 AWG and above, use either compression type or bolted type with silver-plated contact faces.
For wire sizes up to and including No. 6 AWG, use compression type.  Alarm and control wire shall be terminated using forked type connectors at terminal boards.
For wire sizes No. 1/0 AWG and larger, use connectors with at least two cable clamping elements or compression indents and provision for at least two carbon steel bolts with Belleville Washer Nut or approved equal bolts for joining to apparatus terminal.
Properly size connectors to fit fastening device and wire size.  Connectors shall be rated for 75 degree C, 600 volts.
0. Cable Splices:
2. For wire sizes No. 8 AWG and larger, splices shall be made up with compression type copper splice fittings.  Splices shall be taped and covered with materials recommended by cable manufacturer to provide insulation equal to that on conductors.
2. For wire sizes No. 10 AWG and smaller, splices may be made up with pre-insulated spring connectors.
2. For wet locations, splices shall be waterproof.  Compression type splices shall be waterproofed by sealant-filled, thick wall, heat shrinkable, thermoset­ting tubing or by pouring thermosetting resin into mold that surrounds the joined conductor.  Spring connector splices shall be waterproofed with sealant filler.
2. Splices shall be suitably sized for cable, rated 75 degrees C, and 600 volts.
Splices shall be in accordance with NEC and UL.
0. Wire and Cable Markers:
Provide wire and cable markers in accordance with Section 26 05 53, Identification for Electrical Systems.
2. SOURCE QUALITY CONTROL
1. Factory Tests:
Factory-test wire and cable in accordance with UL and/or NEMA standards.
1. EXECUTION
3. INSTALLATION
Install wires and cables as indicated, according to manufacturer's written instructions and NECA "Standard of Installation".
0. Identification:
0. Identify conductors in accordance with Section 26 05 53, Identification for Electrical Systems.
0. Identify power conductors by circuit number and phase at each terminal or splice location.
Identify control and status wiring using numeral tagging system.
0. Color-code cables as follows:
1. Colors for power: 
	System
	Conductor
	Color

	All Systems
	Equipment Grounding
	Green

	240/120 Volts
Single-Phase, Three-Wire
	Grounded Neutral
One Hot Leg
Other Hot Leg
	White
Black
Red

	208Y/120 Volts
Three-Phase, Four-Wire
	Grounded Neutral
Phase A
Phase B
Phase C
	White
Black
Red
Blue

	240/120 Volts
Three-Phase, Four-Wire
Delta, Center Tap
Ground on Single-Phase
	Grounded Neutral
Phase A
High (wild) Leg
Phase C
	White
Black
Orange
Blue

	480Y/277 Volts
Three-Phase, Four-Wire
	Grounded Neutral
Phase A
Phase B
Phase C
	Gray
Brown
Orange
Yellow



1. Colors for control wire
1. AC hot conductor: Black.
1. AC neutral conductor: White.
1. Grounding conductor: Green.
1. AC control conductor, powered from within panel: Red.
1. AC control conductor, powered from remote source: Yellow.
1. DC (+) power conductor, discrete signal: Blue.
1. DC (-) power conductor, discrete signal: White with Blue Tracer.
1. DC control conductor, discrete signal: Blue.
1. Twisted pair cable (+) signal conductor, analog signal: White or Clear.
1. Twisted pair cable (-) signal conductor, analog signal: Black.
1. Twisted pair power, analog signal: Red
Remove existing wire from raceway before pulling in new wire and cable.
0. Bending Radius: Limit to minimum of six times cable overall diameter.  
Slack: Provide maximum slack at all terminal points
0. Run wire and cable in conduit unless otherwise indicated on Drawings. Pull conductors into raceway simultaneously where more than 1 is being installed in same raceway.
3. Use pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.
3. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that will not damage cables or raceway.
Do not draw conductor into conduits until building is enclosed, watertight, and work causing cable damage has been completed.
Install cable supports for vertical feeders in accordance with NEC. Provide split wedge type which firmly clamps each individual cable and tightens due to cable weight.
For panelboards, cabinets, wireways, switches, and equipment assemblies, neatly form, train, and tie cables in individual circuits.
Seal cable and wire entering building from underground or exterior between wire and conduit, where cable exits conduit, with non-hardening approved compound.
0. Install wire and cables in separate raceway systems as follows:
ac Control.
dc control.
Shielded instrumentation.
Telephone cables.
Network Cables.
Fiber Optic Cables.
Emergency system.
Fire alarm system.
As required by NEC.
Where control or instrumentation cables are run in underground conduit and ducts provide multi-wire cable assemblies.
Where power cables and instrument/signal cables enter and pass-through same manhole, handhole, or distribution box, or steel barrier, separate raceways shall continue through box manhole or handhole to avoid magnetic interaction between power cables and instrumentation conductors. In manholes and handholes, provide Type C raceway outlet body with 3/16 in. holes drilled in bottom for drainage.
Do not run instrumentation cables into control cabinets or MCC unless cables are terminated in cabinet or MCC.
Wiring at Outlets: Install with at least 12 in. (300 mm) of slack conductor at each outlet.
Do not use device as pass through for conductors.  Pigtail conductors to device.
Connect outlets and components to wiring and to ground as indicated and instructed by manufacturer. Tighten connectors and terminals, including screws and bolts, according to equipment manufacturer's published torque-tightening values for equipment connectors. Where manufacturer's torque requirements are not indicated, tighten connectors and terminals according to recommended torque requirements specified in UL 486A.
Drawings do not designate number of conductors in conduit nor does location of branch circuits and switch legs indicated on Drawings designate location or routing. Route branch circuits and switch legs as dictated by construction and these Specifications.
Neutral conductors SHALL NOT be shared.
3. TERMINATIONS AND SPLICES
Terminate control, instrumentation, and communication cables on terminal strips in separate terminal cabinets located near conduit entrances of buildings or as shown on Drawings.
1. Power Cable Splices (no splices in cables unless approved by Engineer):
0. Provide continuous lengths of cable without splices in motor circuits and feeders unless otherwise noted. Splices may be installed in motor circuits and feeders with prior approval by ENGINEER.
0. Install splices and taps that possess equivalent or better mechanical strength and insulation ratings than conductors being spliced.
0. Use splice and tap connectors that are compatible with conductor material.
0. Where pre-insulated spring connectors are used for equipment connections, tape connector to wire to prevent loosening under vibration.
0. Each tap, joint or splice in conductors No. 8 AWG and larger shall be taped with two half-lap layers of vinyl plastic electrical tape and finish wrap of color-coding tape where required by code.
Cable splices shall be made only in manholes, handholes, wireways, distribution boxes, and junction boxes. Splices below grade, in manholes, handholes, and wet locations shall be waterproof.
1. Power Cable Terminations:
1. Termination of wires with full compression type lugs installed with appropriate hand or hydraulic tool. Use proper dies to achieve the desired compression.
1. For screw type terminal blocks, terminations for stranded conductors shall be made with T & B lock-on fork connector with insulated sleeves.
Motor lead conductor terminations shall be made with a T & B or approved equal, full compression lug, full ring type, bolted, and taped as required. For connecting motor lead to service wiring fasten full ring lugs together with cadmium plated steel cap screws, and cover with a minimum of 2 layers 1/2 lap, 3M Scotch No. 33 tape; option: T & B "Motor Stub Splice Insulator".
3. CONTROL CIRCUITS
Control circuit home runs from same area for the same system returning to same panel, (e.g., LCP, DPC, etc.,) may be combined provided signal and voltage types are not mixed.
2. Following types of home runs shall not be combined with other types:
0. 4-20 ma dc analog; Type 2 shielded cable.
24 vdc discrete (e.g., field or LCP powered dry contacts).
3. BRANCH CIRCUITS
Motor branch circuits and branch circuits for 3 phase circuits shall not be combined.
Branch circuits for single phase equipment devices from same panel may be combined. Derating of conductors within conduit is not allowed.
3. FEEDERS:
Extend feeders at full capacity from origin to termination.
Each conduit raceway shall contain only those conductors constituting single feeder circuit.
Where multiple raceways are used for single feeder, each raceway shall contain conductor of each phase and neutral if used.
Where feeder conductors run in parallel, conductors shall be of same length, material, circular-mil area, insulation type, and terminated in same manner.
Where parallel feeder conductors run in separate raceways, raceways shall have same physical characteristics.
On network systems, neutral shall be run with phase wires. Unbalanced neutral current shall not exceed normal or derated conductor capacity.
3. MOTORS AND EQUIPMENT WIRING
Provide motor circuits in accordance with diagrams and schedules on Drawings and code requirements, from source of supply to associated motor starter and starter to motor terminal box, including necessary and required intermediate connections.
Do not include associated control conductors in same conduit with power conductors.
Provide branch circuits to conform with NEC requirements and nameplate ratings. CONTRACTOR responsible for verification of ratings of motors and installing proper branch circuits.
For VFD controlled motors, branch circuits and motor feeds shall be run in individual conduits for each motor.
3. FIELD QUALITY CONTROL
6. Site Tests:
0. Test each electrical circuit after permanent cables are in place, to demonstrate that circuit and equipment are connected properly and will perform satisfactorily, free from improper grounds and short circuits.
0. Individually test 600-volt cable mechanical connections after installation and before they are put in service, with calibrated torque wrench.  Values shall be in accordance with manufacturer's recommendations.
0. Individually test 600-volt cables for insulation resistance between phases and from each phase to ground.  Test after cables are installed and before they are put in service, with Megger for one minute at voltage rating recommended by cable manufacturer or in accordance with ANSI/NETA ATS recommendations.
0. Insulation resistance for each conductor shall not be less than value recommended by cable manufacturer.  Cables not meeting recommended value or that fail when tested under full load conditions shall be replaced with a new cable for full length.
0. Perform phase rotation test on all three-phase circuits. 
*********************************************************************************************
NTS: Retain paragraph, below, when existing cables are spliced to new cables.
*********************************************************************************************
0. Where existing cables are spliced to cables provided under the Project, test existing cables prior to splicing.  Test cables at 1,000 vdc for one minute. Entire spliced cable installation shall be re-tested after splice is completed.  Existing cable that fails or has value less than two mega-ohms shall be brought to attention of Engineer and splicing shall not proceed until condition is acceptable.
3. CABLES (LOW VOLTAGE)
Inspect cables for physical damage and proper connection in accordance with single-line diagram.
Test cable mechanical connections to manufacturer's recommended values using calibrated torque wrench.
Check cable color coding with specifications and NEC standards.
7. Electrical Tests:
0. Perform insulation-resistance test on each conductor with respect to ground and adjacent conductors.  Applied potential shall be 1000 volts dc for 1 min.
Perform continuity test to insure proper cable connection.
7. Test Values:
1. Evaluation results by comparison with cables of same length and type.  Investigate any value less than 50 mega-ohms.
+ + END OF SECTION + +

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES	26 05 19-9
v. 3.21
[bookmark: Section5]26 05 23
INSTRUMENTATION CABLES
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals shown, specified, and required to furnish and install instrumentation and communication cables. 
*********************************************************************************************
NTS: Edit paragraph “2”, below, to suit the project.
*********************************************************************************************
Types of cables include the following:
Shielded instrumentation cables.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list Administrative and Procedural Division 01 Sections.
*********************************************************************************************
Section 26 05 26, Grounding and Bonding for Electrical Systems.
Section 26 05 33, Raceways and Boxes for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
TERMINOLOGY
The following words or terms are not defined but, when used in this Section, have the following meaning:
“CPE” means chlorinated polyethylene.
“FEP” means fluorinated ethylene-propylene.
“PE” means Polyethylene
“STP” means shielded twisted pair
“UTP” means unshielded twisted pair
“XLPE” means cross-linked polyethylene.
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
ANSI/TIA/EIA-568, Commercial Building Telecommunications Cabling (requirements and restrictions of Technical Service Bulletins (TSBs) apply.)
UL 13, Power-Limited Circuit Cables.
UL 1581, Electrical Wires, Cables and Flexible Cords.
UL VW-1, Vertical Wire Flame Test.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Instrumentation Cables - Product Data
Manufacturer’s technical information for instrumentation cables and communications cables proposed.
Shop Drawings
Cable Tray Layout - Shop Drawings 
For cable tray layout, showing cable tray route to scale, with relationship between the tray and adjacent structural, electrical, and mechanical elements.  Include the following:
Vertical and horizontal offsets and transitions.
Clearances for access above and to side of cable trays.
Vertical elevation of cable trays above the floor or bottom of ceiling structure.
Load calculations to show dead and live loads as not exceeding manufacturer's rating for tray and its support elements.
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 (NOT USED)
Field Quality Control Submittals
Instrumentation Cables - Field Quality Control
Written report of results of field quality control testing specified in this Section.
Qualifications Statements
Independent Testing Agency Qualification Data
Submit proof of independent testing agencies qualifications for BICSI as an RCDD to supervise on-site testing.
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)
QUALITY ASSURANCE
Regulatory Requirements:
*********************************************************************************************
NTS: Retain applicable codes and add others as required.
*********************************************************************************************
NEC 725, Class 1, Class 2, and Class 3 Remote-Control, Signaling and Power-Limited Circuits.
NEC 727, Instrumentation Tray Cable.
NEC 800, Communications Circuits.
Surface-Burning Characteristics:  As determined by testing identical products according to ASTM E 84 by a qualified testing agency.  Identify products with appropriate markings of applicable testing agency.
Flame-Spread Index:  25 or less.
Smoke-Developed Index:  50 or less.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
Qualifications:
Independent Testing Agency:
Contractor shall retain services of testing agency for field quality control testing of installed instrumentation and communication cables.
Member company of an NRTL.
DELIVERY, STORAGE, AND HANDLING
Deliver instrumentation and communication cable on factory reels conforming to NEMA Standard WC 26.
Store cables on reels on elevated platforms in clean, dry location.
Do not lay reels’ flat.
PRODUCTS
MATERIALS
General:
Cables shall bear the UL label.
Single Shielded Pair Instrument Cables:
Tinned copper, PE or XLPE insulated, stranded conductors, not less than no. 16 AWG, twisted pair, with overall shield, stranded tinned no. 18 AWG copper drain wire and overall PVC or CPE jacket.  Rated for not less than 600 volts and complying with UL 1581.
Multi-Paired Shielded Instrument Cables:
Tinned copper, PE or XLPE insulated stranded conductors, not less than no. 16 AWG, twisted pairs with shield over each pair, stranded tinned no. 18 AWG copper drain wire, and overall PVC or CPE outer jacket.   Rated for not less than 600 volts and complying with either UL 1581 or UL 13.
Multi-Conductor Shielded Instrument Cables:
Tinned copper, PE or XLPE insulated stranded conductors, not less than no. 16 AWG, stranded tinned no. 18 AWG copper drain wire, with overall 100 percent foil shield and overall PVC or CPE jacket.  Rated for not less than 600 volts.
Multi-Conductor Shielded High-Temperature Instrument Cables:
Silver-plated copper, extruded Teflon insulation, stranded conductors, not less than no. 16 AWG, with overall 90 percent silver-plated copper braid shield and overall Teflon tape-wrapped jacket.  Rated for not less than 300 volts and complying with UL VW-1.
*********************************************************************************************
NTS: Edit paragraph “F” below, for data highway, coaxial, and other cables required.  Coordinate specific cable requirements with division 27 and division 40, and the project’s instrumentation and controls Engineer.
*********************************************************************************************
Cable Support Hardware:
Conduit:
Where conduit is shown or indicated on the Drawings, comply with Section 26 05 33, Raceways and Boxes for Electrical Systems.
*********************************************************************************************
NTS: Insert additional project specific instrumentation and communication cables after paragraph “F”. Additional cables could include but are not limited to ControlNet Cables, DeviceNet Cables, and Modbus Cables.
*********************************************************************************************
Wire and Cable Markers
Provide wire and cable markers in accordance with Section 26 05 53, Identification for Electrical Systems.
EXECUTION
INSPECTION
Examine conditions under which materials and equipment will be installed and notify ENGINEER in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
INSTALLATION
General: 
Install cables complete with proper terminations at both ends.
Use hook and loop for bundling cables (Velcro only).
Install in conduit separate from power cables, unless shown or indicated otherwise.
Ground shield on shielded cables at one end only and as recommended by instrument manufacturer.
Identify conductors in accordance with Section 26 05 53, Identification for Electrical Systems.
Install and terminate Supplier-furnished cable in accordance with equipment manufacturer requirements and cable manufacturer’s recommendations.
Install in accordance with Laws and Regulations, including NEC.
Color-code CAT 6 cables as follows:
Colors: Match color scheme in use at the Site.  If the Site does not have an existing color scheme, use the following colors:
	System
	Color

	Process Control Network Cable
	Yellow

	Business Information
	Red

	Security
	Green


INSTALLATION OF PATHWAYS
Comply with requirements in Section 26 05 33, Raceway and Boxes for Electrical Systems for installation of conduits and wireways.
Pathway Installation in Equipment Rooms:
Extend conduits [3 inches (75 mm)] above finished floor.
Install metal conduits with grounding bushings and connect with grounding conductor to grounding system.
REMOVAL OF CONDUCTORS AND CABLES
Remove abandoned conductors and cables.
*********************************************************************************************
Remove paragraph 3.5 below if firestopping is not required for the project. If firestopping is required for the project, insert at (--1--) below applicable section where firestopping requirements are included or edit section 3.6 below to include all project specific firestopping requirements.
*********************************************************************************************
FIRESTOPPING
Comply with firestopping requirements in section (--1--).
GROUNDING
For low-voltage wiring and cabling, comply with requirements in Section 26 05 26 Grounding and Bonding for Electrical Systems.
FIELD QUALITY CONTROL
Site Tests:
Test shielded instrumentation cable shields with ohmmeter for continuity along full length of cables, and for shield continuity to ground.
Connect shielded instrumentation cables to calibrated 4 to 20 mA dc signal transmitter and receiver.  Test at 4 and 20 mA transmitter settings.
Replace with new cables the full length of cables that fail test.
Test equipment shall be provided by Contractor.
Perform tests and inspections.
Tests and Inspections:
Visually inspect cable placement, cable termination, grounding and bonding, equipment, and labeling of all components.
End-to-end cabling will be considered defective if it does not pass tests and inspections.  Cabling shall be removed and replaced.
Prepare test and inspection reports.
+ + END OF SECTION + +

INSTRUMENTATION CABLES	26 05 23-9
v. 5.20
[bookmark: Section6]26 05 26
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install complete grounding for electrical systems, structures, and equipment.
Plus the following special applications:
Overhead-lines grounding.
Underground distribution grounding.
Common ground bonding with lightning protection system
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list Administrative and Procedural Division 01 Sections.
*********************************************************************************************
31 00 05 Trenching and Earthwork
(--1--).
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards below.  Delete ANSI/NETA reference when acceptance testing is not required.  Add others as required.
*********************************************************************************************
Standards referenced in this Section are:
ANSI/NETA ATS, Acceptance Testing Specifications for Electrical Power Equipment and Systems.
ASTM B8, Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard or Soft.
ASTM B 33, Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical Purposes.
UL 467, Grounding and Bonding Equipment.
National Fire Protection Association 70 (NFPA) 
National Fire Protection Association 780 (NFPA)
Regulatory Requirements
*********************************************************************************************
NTS:  Retain applicable regulatory requirements below.  Add others as required.
*********************************************************************************************
National Fire Protection Association 70 (NFPA)
National Fire Protection Association 780 (NFPA)
QUALITY ASSURANCE
Qualifications:  
*********************************************************************************************
NTS: Edit paragraph “1”, below, to suit the Project.  Consider acceptance testing for large projects when distribution equipment is also acceptance-tested.  Otherwise delete paragraph “1”
*********************************************************************************************
Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a member company of the InterNational Electrical Testing Association (NETA) or is a nationally recognized testing laboratory (NRTL)   as defined by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.
Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association (NETA) to supervise on-site testing specified in Part 3.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
Comply with UL 467 for grounding and bonding materials and equipment.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Grounding and Bonding for Electrical Systems - Product Data
Manufacturer’s technical information for grounding materials proposed for use
Shop Drawings 
Grounding and Bonding for Electrical Systems - Shop Drawings
Include listing of grounding connector types identifying where each will be used.
Include layouts of each structure’s ground grid.
Include test point construction details.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates 
Grounding and Bonding for Electrical Systems – Certificates
Certificates for field testing agency, signed by Contractor, certifying that agency complies with requirements specified in Quality Assurance Section Above.
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals 
Grounding and Bonding for Electrical Systems – Testing Plans
Ground resistance test procedures
Grounding and Bonding for Electrical Systems - Field Quality Control
Results of ground resistance tests at each test point.
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 
Grounding and Bonding for Electrical Systems - Record Documentation
Reference 01 78 39 Project Record Documents for requirements of plans showing actual locations of grounding features.
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)
PRODUCTS
MATERIALS
Bare Ground Cable:
Material: Soft-drawn, bare copper stranded cable complying with ASTM B8.  No. 4/0 AWG minimum size unless otherwise shown or indicated on the Drawings.
Conductors
Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
Bare Copper Conductors:
Solid Conductors:  ASTM B 3.
Stranded Conductors:  ASTM B 8.
Tinned Conductors:  ASTM B 33.
Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in diameter.
Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
Grounding Bus:  Rectangular bars of annealed copper, 1/4 by 2 inches (6 by 50 mm) in cross section, unless otherwise indicated; with insulators
Ground Rods:
Material: Copper-clad rigid steel rods, 3/4‑inch diameter, ten feet long.
Grounding Connectors:
Products and Manufacturers: Provide one of the following:
Pressure Connectors:
O.Z./Gedney, Division of Emerson.
Burndy Corporation.
Erico Products, Incorporated.
Welded Connections:
Cadweld by Erico Products, Incorporated.
Therm‑O‑Weld by Burndy Corporation.
Material:
Pressure connectors shall be copper or copper alloy castings, bolted pressure type, designed and fabricated specifically for items to be connected and assembled with Durium or silicone bronze bolts, nuts, and washers.  
Welded connections shall be by exothermic process utilizing molds, cartridges, and hardware designed specifically for connection to be made or Burndy irreversible crimp types recommended by kit manufacturer for materials being joined and installation conditions
Pipe Connectors shall be clamp type, sized for pipe.
Ground Test Well
Provide heavy-duty test well suitable for heavy-duty traffic.
Diameter and Material: 12.75-inch outside diameter, Schedule 80 PVC.
Depth: Two feet.
Cover: Provide test well with cast iron cover marked, “Ground” with cast iron ring to support lid. 
Ground system components shall comply with UL 467.
EXECUTION
INSPECTION
Examine conditions for the Work and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with Work until unsatisfactory conditions are corrected.
APPLICATIONS
Equipment Grounding Conductors: Comply with NEC Article 250 for types, sizes, and quantities of equipment grounding conductors, except where specific types, larger sizes, or more conductors than required by NEC are indicated.
Install equipment grounding conductor with circuit conductors for items below in addition to those required by Code:
Feeders and branch circuits.
Lighting circuits.
Receptacle circuits.
Single-phase motor or appliance branch circuits.
Three-phase motor or appliance branch circuits.
Flexible raceway runs.
Armored and metal-clad cable runs.
Busway Supply Circuits: Install separate equipment grounding conductor from grounding bus in switchgear, switchboard, or distribution panel to equipment grounding-bar terminal on busway.
Isolated Grounding-Receptacle Circuits: Install separate insulated equipment grounding conductor connected to receptacle grounding terminal. Isolate grounding conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding-conductor terminal of applicable derived system or service, except as otherwise indicated.
Isolated Equipment Enclosure Circuits: For designated equipment supplied by branch circuit or feeder, isolate equipment enclosure from supply raceway with nonmetallic raceway fitting listed for purpose. Install fitting where raceway enters enclosure, and install separate equipment grounding conductor. Isolate equipment grounding conductor from raceway and from panelboard grounding terminals. Terminate at equipment grounding-conductor terminal of applicable derived system or service, except as otherwise indicated.
Nonmetallic Raceways: Install equipment grounding conductor in nonmetallic raceways unless they are designated for telephone or data cables.
Air-Duct Equipment Circuits: Install equipment grounding conductor to duct-mounted electrical devices operating at 120 V and above, including air cleaners and heaters. Bond conductor to each unit and to air duct.
Water Heater, Heat-Tracing, and Antifrost Heater Circuits: Install separate equipment grounding conductor to each electric water heater, heat-tracing assembly, and antifrost heating cable. Bond conductor to heater units, piping, connected equipment, and components.
Signal and Communication Systems: For telephone, alarm, voice and data, and other communication systems, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding-electrode system to each service location, terminal cabinet, wiring closet, and central equipment location.
Service and Central Equipment Locations and Wiring Closets: Terminate grounding conductor on 1/4 by 2 by 12 in. (6 by 50 by 300 mm) grounding bus.
Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.
Separately Derived Systems: Where NEC requires grounding, ground according to NEC 250.20 (D) and NEC 250.30.
Metal Poles Supporting Outdoor Lighting Fixtures: Ground pole to grounding electrode in addition to separate equipment grounding conductor run with supply branch circuit.
Common Ground Bonding with Lightning Protection System: Bond electric power system ground directly to lightning protection system grounding conductor at closest point to electric service grounding electrode. Use bonding conductor sized same as system grounding conductor and install in conduit.
Piping Systems and Other Equipment: Comply with NEC Article 250 for bonding requirements.
Underground Grounding Conductors:  Install bare tinned-copper conductor, No. 4/0 AWG minimum.
Bury at least 24 inches (600 mm) below grade.
Duct-Bank Grounding Conductor:  Bury 12 inches (300 mm) above duct bank when indicated as part of duct-bank installation.
Install metal warning tape 12” above conductor.
Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at least three bands of green and two bands of yellow.
Grounding Bus:  Install in electrical and communication equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
Install bus on insulated spacers 1 inch (25 mm), minimum, from wall 6 inches (150 mm) above finished floor, unless otherwise indicated.
Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, down to specified height above floor, and connect to horizontal bus.
Conductor Terminations and Connections:
Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
Underground Connections:  Welded connectors or irreversible crimp, except at test wells and as otherwise indicated.
Connections to Ground Rods at Test Wells:  Bolted connectors.
Connections to Structural Steel:  Welded connectors.
INSTALLATION
Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
Common Ground Bonding with Lightning Protection System:  Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system.  Bond electrical power system ground directly to lightning protection system grounding conductor at closest point to electrical service grounding electrode.  Use bonding conductor sized same as system grounding electrode conductor, and install in conduit.
Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade, unless otherwise indicated.
Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated.  Make connections without exposing steel or damaging coating, if any.
For grounding electrode system, install at least three rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.
Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in Division 26 Section 26 05 43, "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12 inches (300 mm) deep, with cover.
Test Wells:  Install at least one test well for each service, unless otherwise indicated.  Install at the ground rod electrically closest to service entrance.  Set top of test well flush with finished grade or floor.
Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed through lengths of conduit less than 12 inches.
Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not transmitted to rigidly mounted equipment.
Use exothermic-welded connectors or irreversible crimp connectors for outdoor locations, but if a disconnect-type connection is required, use a bolted clamp.
Grounding and Bonding for Piping:
Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water service pipes, using a bolted clamp connector or by bolting a lug-type connector to a pipe flange, using one of the lug bolts of the flange.  Where a dielectric main water fitting is installed, connect grounding conductor on street side of fitting.  Bond metal grounding conductor conduit or sleeve to conductor at each end.
Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  Connect to pipe with a bolted connector.
Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.
Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install tinned bonding jumper to bond across flexible duct connections to achieve continuity.
Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.
When performing exothermic weld to building steel, prepare surface to accept weld.
Ground Ring:  Install a grounding conductor, electrically connected to each building structure ground rod and to each exterior wall steel column and rebar mat, extending around the perimeter of building.
Install tinned-copper conductor not less than No. 4/0 AWG for ground ring and for taps to building steel.
Bury ground ring not less than 24 inches (600 mm) from building foundation.
Weld all buried connections except for test points.
GROUNDING OVERHEAD LINES
*********************************************************************************************
NTS: Insert number of required parallel ground rods at (--1--) below. Typical requirement is 2 parallel ground rods.
*********************************************************************************************
Comply with IEEE C2 grounding requirements.
Install (--1--) parallel ground rods if resistance to ground by a single, ground-rod electrode exceeds 25 ohms.
Drive ground rods until tops are 12 inches (300 mm) below finished grade in undisturbed earth.
Ground-Rod Connections:  Install bolted connectors for underground connections and connections to rods.
Lightning Arrester Grounding Conductors:  Separate from other grounding conductors.
Secondary Neutral and Transformer Enclosure:  Interconnect and connect to grounding conductor.
Protect grounding conductors running on surface of wood poles with molding extended from grade level up to and through communication service and transformer spaces.
GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
Comply with IEEE C2 grounding requirements.
Grounding Manholes and Handholes:  Install a driven ground rod through manhole or handhole floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor.  If necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall.  Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150 mm) below concrete.  Seal floor opening with waterproof, nonshrink grout.
Grounding Connections to Manhole Components:  Bond exposed-metal parts such as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor.  Make connections with No. 4 AWG minimum, stranded, hard-drawn copper bonding conductor.  Train conductors level or plumb around corners and fasten to manhole walls.  Connect to cable armor and cable shields as recommended by manufacturer of splicing and termination kits.
Pad-Mounted Transformers and Switches:  Install four ground rods and ground ring around the pad.  Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electrodes.  Install tinned-copper conductor not less than No. 4 AWG for ground ring and for taps to equipment grounding terminals.  Bury ground ring not less than 6 inches (150 mm) from the foundation.
EQUIPMENT GROUNDING
Ground electrical equipment in compliance with Laws and Regulations and the Contract Documents.
Equipment grounding conductors shall be bare stranded copper cable of adequate size installed in metal conduit where required for mechanical protection.  Ground conductors, pulled into conduits with non-grounded conductors, shall be insulated.  Insulation shall be green.  
Control panels grounding conductors shall be bare stranded copper cable of adequate size to ground grid from AC ground bus, and an insulated stranded copper cable of adequate size to ground grid from DC ground bus.
Connect ground conductors to conduit with copper clamps, straps, or with grounding bushings. 
Connect to equipment by means of lug compressed on cable end.  Bolt lug to equipment frame using holes or terminals provided on equipment specifically for grounding.  Do not use hold-down bolts.  Where grounding provisions are not included, drill suitable holes in locations recommended by equipment manufacturer or designated by Engineer. 
Connect to motors by bolting directly to motor frames, not to soleplates or supporting structures.
Connect to service water piping by means of copper clamps.  Use copper bonding jumpers on gasketed joints.
Scrape bolted surfaces clean and coat with conductive oxide‑resistant compound.
Install insulated equipment grounding conductors with all feeders and branch circuits.
Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment.  Bond conductor to each unit and to air duct and connected metallic piping.
Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable.  Bond conductor to heater units, piping, connected equipment, and components.
Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected to the receptacle grounding terminal.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the applicable derived system or service, unless otherwise indicated.
Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where raceway enters enclosure, and install a separate insulated equipment grounding conductor.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding conductor terminal of the applicable derived system or service, unless otherwise indicated.
Signal and Communication Equipment:  For telephone, alarm, voice and data, and other communication equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode system to each service location, terminal cabinet, wiring closet, and central equipment location.
Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on a 1/4-by-2-by-12-inch (6-by-50-by-300-mm) grounding bus.
Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.
Metal and Wood Poles Supporting Outdoor Lighting Fixtures:  Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.
CORROSION INHIBITORS
When making grounding and bonding connections, apply a corrosion inhibitor to all contact surfaces.  Use corrosion inhibitor appropriate for protecting a connection between the metals used after scraping bolted surfaces clean and coat with conductive oxide resistant compound.
GROUND FAULT SYSTEMS
Visual and Mechanical Inspection:
Inspect for physical damage and compliance with Drawings and Specifications.
Inspect neutral main bonding connection to ensure following.
Zero sequence system grounded upstream of sensor.
Ground strap systems grounded through sensing device.
Ground connection made ahead of neutral disconnect link.
Inspect control power transformer to ensure adequate capacity for system.
Manual operate monitor panels (if present) for following:
Trip test.
No trip test.
Non-automatic reset.
Record proper operation and test sequence.
Inspect zero sequence systems for symmetrical alignment of core balance transformers about current carrying conductors.
Verify ground fault device circuit nameplate identification by actuation observation.
Pickup  and  time  delay  settings shall  be  set  in  accordance  with  settings developed through coordination study and as approved by ENGINEER.
Electrical Tests:
Test in accordance with manufacturer's instructions.
Measure system neutral insulation resistance to ensure no shunt ground paths exist, neutral-ground disconnect link removed, neutral insulation resistance measured, and link replaced.
Relay pickup current  shall  be determined by primary injection at  sensor  and circuit interrupting device operated.
Relay timing shall be tested by injecting 150% and 300% of pickup current into sensor. Total trip time shall be electrically monitored.
System operation shall be tested at 55% rated voltage.
Zone interlock  system  shall  be tested by  simultaneous sensor current  injective and monitoring blocking function.
Test Parameters:
System neutral insulation shall be minimum of 100 ohms, preferably 1 megohm or larger.
Relay pickup current shall be within 10% of device dial or fixed setting, and in no case greater than 1,200 amp.
Relay  timing  shall  be  in  accordance  with  manufacturer's  published  time-current characteristic curves, but in no case longer than 1 sec.
*********************************************************************************************
NTS: Edit field testing requirements in article “3.5”, below, to suit the project.  Edit field witness testing requirements to coordinate with RPR/Engineer’s scope of construction-phase services.
*********************************************************************************************
FIELD QUALITY CONTROL
Perform the following tests and inspections and prepare test reports: 
After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal[, at ground test wells][, and at individual ground rods].  Make tests at ground rods before any conductors are connected.
Measure ground resistance not less than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natural ground resistance.
Perform tests by fall-of-potential method according to IEEE 81.
*********************************************************************************************
NTS: Review values in “B” below, typical values are listed. If necessary, change values to match project specific requirements.  Insert at (--1--) below additional project specific applications and maximum ground-resistance values. Delete if not used.
*********************************************************************************************
Report measured ground resistances that exceed the following values: ****NOTE: Check IEEE Standards.
Power and Lighting Equipment or System with Capacity 500 kVA and Less: 10 ohms.
Power and Lighting Equipment or System with Capacity 500 to 1000 kVA:  5 ohms.
Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms.
Power Distribution Units or Panelboards Serving Electronic Equipment:  1 ohm.
Substations and Pad-Mounted Equipment:  5 ohms.
Manhole Grounds:  10 ohms.
(--1--)
Testing Agency: Provide services of qualified independent testing agency to perform specified acceptance testing.
Testing: Upon completion of installation of ground-fault protection system and after electrical circuits have been energized, demonstrate capability and compliance with requirements.
Procedures: Perform each visual and mechanical inspection and electrical test stated in NETA ATS. Certify compliance with test parameters.
Excessive Ground Resistance: Where resistance to ground exceeds specified values, notify ENGINEER promptly and include recommendations to reduce ground resistance and to accomplish recommended work.
Correct malfunctioning units at site, where possible, and retest to demonstrate compliance; otherwise, remove and replace with new units and retest.
Report: Prepare certified test reports, of ground resistance at each test location. Include observations of weather and other phenomena that may affect test results. Describe measures taken to improve test results.
RESTORATION
*********************************************************************************************
NTS: If specification sections referenced below are not included in the project manual, add project specific requirements to the section below.
*********************************************************************************************
Restore surface features, including vegetation, at areas disturbed by work of this Section.
Re-establish original grades, except as otherwise indicated.
Where sod has been removed, replace it as soon as possible after backfilling is completed.
Restore areas disturbed by trenching, storing of dirt, cable laying, and other activities to their original condition.
Restored soil shall be compacted as required in 31 00 05 Trenching and Earthwork.
Include topsoil, fertilizer, lime, seeding, sodding, sprigging, and mulching as required in 32 92 00 Lawns and Grasses.
Maintain restored surfaces as required in Division 32 Paving Specifications.
Restore disturbed paving as required in Division 32 Paving Specifications.
+ + END OF SECTION + +
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HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS
v. 3.21
1. GENERAL
Description
Scope:
Supports from building structure for electrical items by means of hangers, supports, anchors, sleeves, inserts, seals, and associated fastenings.
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install hangers and supports for electrical systems.
Area Classifications: Materials shall by suitable for the area classification(s) shown or indicated on the Drawings, and specified in Section 26 05 05, General Provisions for Electrical Systems.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list Administrative and Procedural Division 01 Sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 33, Raceways and Boxes for Electrical Systems.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this section are:
ASTM A123/A123M, Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
ASTM E84, Test Method for Surface Burning Characteristics of Building Materials
Regulatory Requirements:
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
QUALITY ASSURANCE
Items provided under this section shall be listed and labeled by UL or other Nationally Recognized Testing laboratory (NRTL).
Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Hangers and Supports for Electrical Systems - Product Data
Manufacturer’s name, product designation, and catalog number of each material item proposed for use.
Manufacturer’s specifications including material, dimensional and weight data, and load capacity for each supporting system component proposed for use.
Manufacturer’s Instructions: manufacturer’s installation instructions, including recommended tightening torque values for all nuts and bolts.
Pictorial views and corresponding identifying text of each component proposed for installation. 
*********************************************************************************************
NTS: Include paragraph “2.” below for projects requiring layout coordination between electrical Work and other MEP or process Work, delete if not applicable.
*********************************************************************************************
Shop Drawings
Hangers and Supports for Electrical Systems - Shop Drawings
Detailed installation drawings showing dimensions and compatibility with proposed layout.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates
Hangers and Supports for Electrical Systems – Certificates
Submit certifications required under this Section.
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. (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)
PRODUCTS
MATERIALS
Strut, Fittings, and Accessories:
General
Unless otherwise shown or indicated, strut shall be 1-5/8 inches by 1-5/8 inches unless load permits use of 7/8 inches by 1-5/8 inches.  Double struts shall be two pieces of the same strut, welded back-to-back at the factory.
Attachment holes, when required, shall be factory-punched on hole centers approximately equal to the cross-sectional width and shall be 9/16-inch diameter.
Fittings, braces, brackets, hardware, and accessories shall be Type 316 stainless-steel.
Strut nuts shall be spring captured Type 316 stainless-steel.
Square and round washers shall be Type 316 stainless-steel.
Strut materials shall be suitable for area classifications indicated in Section 26 05 05, General Provisions for Electrical Systems, and as shown or indicated on the Drawings.
Dusty and Wet Locations: 
*********************************************************************************************
NTS: Retain one version of paragraph “1)”, below, and delete the other. Aluminum shall not be used in direct contact with concrete.
*********************************************************************************************
Strut shall be 12-gauge aluminum (Alloy 6063-T6).
0. Strut shall be 12-gauge Type 316 stainless-steel.
Corrosive Locations:
Strut shall be 12-gauge Type 316 stainless-steel.
*********************************************************************************************
NTS: Retain paragraph “c”, below, when an application (such as exposure to certain chemicals) requires a completely non-metallic system.  Specify the rooms or areas where the non-metallic system is required.
*********************************************************************************************
(---1---) Area:
Strut shall be fiberglass-reinforced plastic (FRP) complying with ASTM E84.
Fabricate materials either by pultrusion or extrusion process.
Strut, fasteners and fittings shall have a surface veil over 100 percent of the surface to protect against UV degradation.
Manufacture fasteners and fittings from long glass fiber-reinforced polyurethane or vinyl-ester resins. 
Thread rods shall be made from fiber-reinforced vinyl-ester resin.
Hanger Rods:
Material:
Stainless-steel.
Size: Not less than 3/8-inch diameter, unless otherwise shown on the Drawings or specified.
Beam Clamps for Attaching Threaded Rods or Bolts to Beam Flanges for Hanging Struts or Conduit Hangers:
Beam clamps shall be stainless-steel equipped with stainless-steel square-head set screw, and shall include threaded hole sized for attaching the all-thread rod or threaded bolt.
Miscellaneous Hardware:
Bolts, screws, and washers shall be stainless-steel.
*********************************************************************************************
NTS: Lock washer or nylon inserts shall be used when vibrations are present. 
*********************************************************************************************
Hex Nuts: Shall be stainless-steel 
Expansion Anchors: Stainless-steel wedge or sleeve type.
Toggle Bolts: All stainless-steel springhead type.
Brackets: Fabricated of angles, channels, and other standard structural shapes. Connect with welds and machine bolts to form rigid supports. Comply with Section 05 50 00.
EXECUTION
INSPECTION
Examine conditions under which the Work will be installed and notify Engineer in writing of conditions detrimental to the proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
INSTALLATION
Install supporting devices to fasten electrical components securely and permanently in accordance with NEC requirements.
Provide hangers and supports for electrical systems with necessary channels, fittings, brackets, and related hardware for mounting and supporting materials and equipment.  Provide anchor systems, concrete inserts, and associated hardware for proper support of electrical systems.  
Install equipment and devices on hangers and supports as shown on the Drawings, as specified, and as required.
Install hangers and supports level, true, free of rack, and parallel and perpendicular to building walls and floors, so that the hangers and supports are installed in a neat, professional, workmanlike manner.
Holes in suspended ceilings for rods for hangers and supports and other equipment shall be provided adjacent to bars, where possible, to facilitate removal of ceiling panels.
Coordinate installation of hangers and supports with equipment, cabinets, consoles, panels, enclosures, boxes, conduit, cable tray, wireway, busway, cablebus, piping, ductwork, lighting fixtures, and other systems and equipment.  Locate hangers and supports clear of interferences and access ways.
Mounting of Conduit:
Provide space of not less than 1/4-inch between conduit surfaces and abutting or near surfaces except struts, cable trays, steel beams, and columns.
Fasten conduit to struts, cable trays, steel beams, and columns using specified clamps and straps as shown, specified, and required.
Devices shall be compatible with size of conduit and type of support.  Following installation, size identification shall be visible and legible.
If supporting conduit to precast hollow core ceilings, install anchors in accordance with ceiling manufacturer.
Raceway Supports:
Conform to manufacturer's recommendations for selection and installation of supports.
Strength of each support shall be adequate to carry present and future load multiplied by safety factor of at least four. Where this determination results in safety allowance of less than 200 lbs, provide additional strength until there is minimum of 200 lbs safety allowance in strength of each support.
Install individual and multiple (trapeze) raceway hangers and riser clamps as necessary to support raceways. Provide U-bolts, clamps, attachments, and other hardware necessary for hanger assembly and for securing hanger rods and conduits.
Support parallel runs of horizontal raceways together on trapeze-type hangers.
Support individual horizontal raceways by separate pipe hangers. Spring steel fasteners may be used in lieu of hangers only for 1 in. and smaller raceways serving lighting and receptacle branch circuits above suspended ceilings only. For hanger rods with spring steel fasteners, use 1/4 in. dia or larger threaded steel. Use spring steel fasteners that are specifically designed for supporting single conduits or tubing.
In vertical runs, arrange support so load produced by weight of raceway and enclosed conductors is carried entirely by conduit supports with no weight load on raceway terminals.
Supports for Cabinets, Consoles, Panels, Enclosures, and Boxes:
*********************************************************************************************
NTS: When the project has multiple prime contracts, coordinate paragraph “1”, below, with section 01 11 00, Summary of Work, relative to the contract that will provide concrete housekeeping pads.  Typically the general Contractor provides all concrete work under division 03, Concrete.
*********************************************************************************************
Freestanding: Unless otherwise specified or shown on the Drawings, provide supports for floor-mounted equipment, cabinets, consoles, panels, enclosures, and boxes.  Such supports shall be 3.5-inch high concrete equipment base with a 45 degree chamfered edge.  Base shall extend two inches beyond outside dimensions of equipment on all sides.
Wall-Mounted: Stainless-steel
Provide space not less than 1/4-inch between cabinets, consoles, panels, enclosures, and boxes and the surface on which each is mounted.  Provide non-metallic or stainless-steel spacers as required.
Do not mount equipment, enclosures, panels, and boxes directly to beams or columns.  Mount struts to beams or columns using beam clamps, and mount equipment, enclosures, panels, and boxes to the struts.
Floor Stand Rack: Stainless-steel 
Where equipment, cabinets, consoles, panels, enclosures, and boxes cannot be wall-mounted, provide an independent floor stand rack.
Floor stand rack shall consist of struts, plates, brackets, connection fittings, braces, accessories, and hardware assembled in a rigid framework suitable for mounting of intended materials and equipment.
Equip floor stand racks with brackets and bases for rigidly mounting the framework to the ceiling or floor, as applicable; or equip floor stand racks with beam clamps, angle plates, washers, and bolts for fastening to beam flanges, as applicable.
When equipment, cabinets, consoles, panels, enclosures, and boxes weigh more than 100 pounds:
Main vertical supports of floor stand rack assemblies shall be back-to-back struts.
Bracing, clamping and anchoring of each floor stand rack shall be sufficient to ensure rigidity of the floor stand rack with the intended equipment, enclosures, conduit, cable tray, busway, cable bus, and wireway installed.  Floor stand racks shall not be deflected more than 1/8-inch by a 100-pound force applied at any point on the floor stand rack in any direction.
Drilling into beams or columns is not allowed unless authorized by Engineer. 
Tighten nuts and bolts to the manufacturer’s recommended torque values. 
Field Cutting: 
Cut edges of strut and hanger rod shall have rounded corners, edges beveled, and burrs removed.  If field cutting the strut is required, use clean, sharp, dedicated tools.  Remove oil, shavings, burrs, and other residue of cuttings prior to installation.  
Coatings: To prevent corrosion:
Coat cut edges with zinc-rich paint.  Provide protective end cap.
Bitumatic paint shall be used for aluminum in concrete.
Miscellaneous Supports: Support miscellaneous electrical components as required to produce same structural safety factors as specified for raceway supports. Install metal channel racks for mounting cabinets, panelboards, disconnects, control enclosures, pull boxes, junction boxes, transformers, and other devices.
Fastening: Unless otherwise indicated, fasten electrical items and their supporting hardware securely to building structure, including but not limited to conduits, raceways, cables, cable trays, busways, cabinets, panelboards, transformers, boxes, disconnect switches, and control components in accordance with following:
Fasten by means of wood screws or screw-type nails on wood, toggle bolts on hollow masonry units, concrete inserts or expansion bolts on concrete or solid masonry, and machine screws, welded threaded studs, or spring-tension clamps on steel. Threaded studs driven by powder charge and provided with lock washers and nuts may be used instead of expansion bolts and machine or wood screws. Do not weld conduit, pipe straps, or items other than threaded studs to steel structures. In partitions of light steel construction, use sheet metal screws.
Holes cut in concrete shall not cut main reinforcing bars. Fill holes that are not used.
Load applied to any fastener shall not exceed 25% of proof test load. Use vibration- and shock- resistant fasteners for attachments to concrete slabs.
+ + END OF SECTION + +
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RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS
v. 3.21
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals shown, specified, and required to furnish and install conduit and fittings to form complete, coordinated and grounded raceway systems.
*********************************************************************************************
NTS: Retain paragraph “2” below when conduit routings are not detailed on the Drawings.  The level of detail may vary with project and Owner requirements; however, detailed routings are usually not included for Work within buildings, but should be included for exterior areas and tanks.
*********************************************************************************************
When specific, detailed conduit routings for various systems within buildings and other areas are not be shown on the Drawings, Contractor shall establish routings based on single-line, riser, and interconnection diagrams and other information on the Drawings.  Contractor shall provide for the proper installation of conduits in each system
*********************************************************************************************
NTS: Edit conduit types and application below to suit the Project.  Coordinate with Plant.
*********************************************************************************************
Conduit types and the installation methods shall comply with the following, unless otherwise shown or indicated in the Contract Documents:
Use rigid aluminum conduit for exposed indoor conduit runs in non-corrosive areas.  
Use PVC-coated rigid steel for exposed exterior conduit runs in hazardous, wet, and corrosive locations.
Use PVC-coated rigid steel or rigid aluminum conduit for exposed interior conduit runs in hazardous, wet, and corrosive locations.
Use PVC-coated rigid steel conduit for individual conduits direct-buried in the ground.
Use Schedule 40 PVC conduit for concrete-encased duct bank runs.
Use PVC coated rigid steel conduit for transition from duct bank.
Use Schedule 40 PVC conduit for conduit runs embedded in structural concrete slabs. Use PVC coated rigid steel conduit for transition from duct bank.
Use Schedule 40 PVC conduit for conduit runs buried below grade where identified within the construction documents. Use PVC coated rigid steel conduit elbows for transitioning to and from Schedule 40 PVC conduit below grade.
*********************************************************************************************
NTS: Edit paragraph “i” below to suit the project.  Coordinate with section 26 29 23, Low-Voltage Variable Frequency Drives, and other “noise sensitive” requirements and edit accordingly.  Insert at (--1--) either “PVC-coated rigid steel” or “aluminum” as required.  Delete paragraph “i” if not required.
*********************************************************************************************
Use rigid steel conduit for industrial control  systems (ICS), system control and data acquisition (SCADA) systems, and communication systems, regardless of the installation.  Conduit shall be (--1--) in hazardous, wet, and corrosive locations. Conduit shall be rigid steel conduit in the duct bank applications.
Coordination:
Conduit runs shown are diagrammatic.  Coordinate conduit installation with piping, ductwork, light fixtures, and other systems and equipment and locate to avoid interferences.
For conduits to be embedded in concrete slabs, confirm adequate slab thickness and coordinate location of conduits with placement of reinforcing steel, waterstops, expansion joints, and other features of the concrete slab.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list Administrative and Procedural Division 01 Sections.  
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 29, Hangers and Supports for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 31 00 05 Trenching and Earthwork
Section 32 12 16, Asphalt Paving.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
AASHTO, Standard Specifications for Highway Bridges.
ANSI C80.1, Standard for Rigid Electrical Steel Conduit (ERSC).
ANSI/NEMA FB1, Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic Tubing and Cable.
NEMA TC3, Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing.
UL 514B, Conduit, Tubing, and Cable Fittings.
UL 886, Outlet Boxes and Fittings for Use in Hazardous (Classified) Locations.
*********************************************************************************************
NTS: Retain applicable regulatory requirements and add others as required.
*********************************************************************************************
Regulatory Requirements: Comply with the following:
National Electrical Code: Components and installation shall comply with NFPA 70.
NEC Article 344, Rigid Metal Conduit.
NEC Article 350, Liquid-Tight Flexible Metal Conduit.
NEC Article 352, Rigid Nonmetallic Conduit.
Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
Comply with NECA "Standard of Installation."
*********************************************************************************************
NTS:  Do NOT delete “NOT USED” Article Headings below. The Submittals Article Heading shall be 1.5 SUBMITTALS. The numbering of the Submittal Paragraphs is coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for the searching of submittals over a variety of projects. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
NOT USED
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
*********************************************************************************************
NTS: Include paragraph “2.” below for projects requiring layout coordination between electrical Work and other MEP or process Work, delete if not applicable.
*********************************************************************************************
Action Submittals. Submit the following:
Product Data 
Raceways and Boxes – Product Data
Manufacturer’s catalog cuts and product data for conduit, fittings, and appurtenances.
Shop Drawings
Raceways and Boxes – Assembly Details
Assembly details of conduit racks and other conduit support systems.  
Raceways and Boxes – Layout Drawings
Showing proposed routing of exposed conduits, conduits embedded in structural concrete, and conduits directly buried in the ground. 
Show locations of pull and junction boxes and penetrations in walls and floors.  
Shop Drawings of embedded conduits shall include cross-sections showing thickness of concrete slabs and locations of conduits relative to reinforcing steel, waterstops, and other features of the slab.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions 
Raceways and Boxes – Manufacturers’ Instructions
When requested by Engineer, provide copies of manufacturer’s recommendations for handling and installing products.
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals 
Raceways and Boxes – Field Quality Control
When requested by Engineer, provide copies of results of specified field quality control testing.
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 
Raceways and Boxes – Record Drawings
Show actual routing of exposed and concealed conduit runs in record documents in accordance with Section 01 78 39, Project Record 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)
PRODUCTS
*********************************************************************************************
NTS: Edit the conduit types below to suit the project.  Retain applicable paragraphs and delete inapplicable provisions.
*********************************************************************************************
METAL CONDUIT AND TUBING
Rigid Steel Conduit, Elbows, and Couplings: 
Material: Rigid, heavy-wall, mild steel, hot-dip galvanized, smooth interior, tapered threads and carefully reamed ends; 3/4-inch NPS minimum size.
Galvanized Rigid Steel Conduit: ANSI C80.1.
PVC-coated Rigid Steel Conduit, Elbows, and Couplings:
Manufacturers: Provide products of one of the following:
Robroy Industries.
No “Or Equal”
Material: Rigid, heavy-wall, mild steel, hot-dip galvanized, smooth urethane interior coating, tapered threads, carefully reamed ends, 3/4-inch NPS minimum size with factory exterior coating of 40-mil thick PVC.
Color: Color of coating shall be the same on all conduit and fittings.
Plastic-Coated Steel Conduit and Fittings: NEMA RN 1.
Aluminum Conduit, Elbows, and Couplings:
Material: Rigid, heavy-wall aluminum, smooth interior, tapered threads and carefully reamed ends; 3/4-inch NPS minimum size.
Rigid Aluminum Conduit: ANSI C80.5.
IMC – intermediate conduit shall not be used.
METALLIC FITTINGS
Metallic Conduit Fittings, and Outlet Bodies:
Material and Construction: Cast gray iron alloy, cast malleable iron or aluminum bodies and covers consistent with conduit material.  Units shall be threaded type with five full threads.  Materials shall comply with ANSI/NEMA FB1 and be listed by UL.  Do not use “LB” fittings.  Use type “LBD” fittings where use of fittings is unavoidable.
Use: Conduits shall be gasketed and watertight in hazardous, wet, and corrosive locations.
The use of threadless couplings and connectors is prohibited. 
PVC-coated Conduit Fittings, and Outlet Bodies:
Manufacturers: Provide products one of the following:
Robroy Industries.
No “Or equal”
Material and Construction: Cast gray iron alloy, cast malleable iron bodies and covers with factory coating of 40-mil thick PVC and smooth urethane interior coating.  Units shall be threaded type with five full threads.  Material shall comply with ANSI/NEMA FB1 and be listed by UL.  Do not use “LB” fittings.  Use type “LBD” fittings where use of fittings is unavoidable.
Use: Provide PVC-coated or aluminum conduit fittings and outlet bodies in hazardous, wet, and corrosive locations.  Fitting material shall be consistent with conduit material.
Conduit Hubs:
Material: Threaded conduit hub, vibration-proof, weatherproof, with captive O-ring seal, zinc metal with insulated throat and bonding screw.
Use: Provide for all conduit terminations to boxes, cabinets, and other enclosures in areas designated as wet locations.
PVC-coated Conduit Hubs:
Manufacturers: Provide products one of the following:
Robroy Industries.
No “Or Equal”
Material: Threaded conduit hub, vibration-proof, weatherproof, with captive O-ring seal, zinc metal with insulated throat and bonding screw, and factory coating of 40-mil thick PVC and smooth urethane interior coating.
Use: Provide for PVC-coated steel or aluminum conduit terminations to boxes, cabinets, and other enclosures in areas designated as corrosive location.
Conduit Bushings and Locknuts:      
Insulated Bushings: Malleable iron body with plastic liner.  Threaded type with steel clamping screw.  Provide with bronze grounding lug, as required.
Locknuts: Steel for sizes 3/4-inch through two-inch diameter and malleable iron for sizes 2.5-inch through four-inch diameter.
Use: Provide for all conduit terminations to boxes, cabinets and other enclosures except threaded type in areas designated as dusty locations.
Thru-wall Seals
For new construction through exterior subsurface walls and exterior concrete walls. 
For new construction passing through concrete floors and floor slabs.
For conduits passing through new exterior masonry block walls or through core-drilled holes in existing exterior subsurface walls, exterior concrete walls, floor slabs ,and roof slabs, and for conduits passing through existing interior concrete walls or floors and interior masonry block walls.
Manufacturer: Provide­ one of the following:
Type CSMI sealing bushing at the inside of the structure and Type CSMC sealing bushing at the outside of the structure by O-Z/Gedney. 
Or equal.
NONMETALLIC CONDUIT AND FITTINGS
Non-metallic Conduit and Fittings: Nonmetallic Conduit
Rigid Nonmetallic Polyvinyl Chloride (PVC) Conduit:
NEMA TC 2, Schedule 40 or 80 PVC.Rated for 90 degrees C, complying with UL 514B and 651.
Elbows and Fittings shall comply with NEMA TC3
Match conduit to type of material
Fittings: Form elbows, bodies, terminations, expansions, and fasteners of same material and manufacturer as base conduit.  Provide cement by same manufacturer as base conduit.
FLEXIBLE CONDUIT
Flexible Conduit (Non‑hazardous Areas and Class 1, Division 2, Hazardous Areas):
Material: Flexible galvanized steel core with smooth, abrasion-­resistant, liquid‑tight, polyvinyl chloride cover.  Continuous copper ground built in for sizes 3/4‑inch through 1.25-inch.  Material shall be UL-listed.
Flexible Conduit (Class 1, Group D, Division 1, Hazardous Areas):
Material: Flexible brass inner core with bronze outer braid and protective neoprene plastic coating.  Steel, brass, or bronze end fittings.  Minimum of 12 inches long.
Flexible Metal Conduit: Zinc-coated steel.
Liquid-tight Flexible Metal Conduit: Flexible steel conduit with PVC jacket.
FLEXIBLE CONDUIT FITTINGS:
Metallic Flexible conduit fittings
Material and Construction: 
Malleable iron with cadmium finish.  Fittings shall adapt the conduit to standard threaded connections, shall have an inside diameter not less than that of the corresponding standard conduit size and shall be UL listed. 
Conduit fittings shall be insulated throat type. Conduit shall be liquid-tight with one piece sealing "O" rings with connectors when entering boxes or enclosures
Use: Provide on flexible conduit in non-hazardous and Class 1, Division 2 hazardous areas.
PVC-Coated Flexible Conduit Fittings:
Manufacturers: Provide products one of the following:
Robroy Industries.
No “Or Equal”
Material and Construction:
Malleable iron with standard finish and 40-mil PVC exterior coating. Fittings shall adapt the conduit to standard threaded connections, and shall have an inside diameter not less than that of the corresponding standard conduit size.
Conduit fittings shall be insulated throat type. Conduit shall be liquid-tight with one-piece sealing "O" rings with connectors when entering boxes or enclosures
WIREWAYS
Material: Sheet metal sized and shaped as indicated.
Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireway as required for complete system.
Select features where not otherwise indicated, as required to complete wiring system and to comply with NEC.
Wireway Covers:
Hinged type for dry locations.
Bolted cover with gasket for wet locations.
Finish: Manufacturer's standard enamel finish unless other wise noted.
PULL JUNCTION, AND TERMINAL BOXES: 
General – Applicable to All Boxes: 
Description and Performance Criteria:
Boxes shall be appropriate for each location in accordance with NEMA requirements and as required for area classifications specified in Section 26 05 05, General Provisions for Electrical Systems.
For flush-mounted pullboxes in slabs or pavement potentially subject to vehicular traffic, boxes and covers shall be constructed for H-20 loading in accordance with AASHTO Standard Specifications for Highway Bridges.
Materials: Pull boxes embedded in concrete slabs shall be polymer concrete.
Terminal strips and terminal blocks in terminal boxes shall be mounted on terminal box sub-panels.
Identification: Boxes shall be identified in accordance with Section 26 05 53, Identification for Electrical Systems.
Materials and Construction – Dusty Locations:
Material: NEMA 12 or fiberglass.
Gasket: Oil-resistant gasket.
Access: Lift-off hinges and quick-release latches.
*********************************************************************************************
NTS: Edit paragraph “C”, below, to suit the Project.
*********************************************************************************************
Materials and Construction - Wet, Corrosive, or Hazardous Locations:
Material:
Pull boxes in wet, corrosive, or outdoor areas shall be NEMA 4X stainless-steel. 
Boxes for areas classified as hazardous locations, where required by NEC, shall be NEMA 7 explosion-proof and comply with UL 886. 
In corrosive locations, where the conduit system is PVC-coated, boxes shall be cast metal with factory-applied 40-mil PVC coating, Type 316 stainless-steel, or non-metallic thermoplastic or fiberglass reinforced plastic material.
Gasket: 
Provide neoprene gaskets for wet and corrosive locations.  
Gaskets shall be an approved type designed for the purpose.  Improvised gaskets are not acceptable.
Access: Stainless-steel cover bolts.
Features:
External mounting lugs.
Drilled and tapped conduit holes.
Boxes where conduits enter building or structure below grade shall have 1/4‑inch drain hole at bottom of the box.
Provide threaded connections for explosion proof boxes.
Terminal Blocks:
Material and Construction:
NEMA-rated nylon modular terminal blocks.
600-volt rated.
Terminals shall be screwed type with permanently affixed numeric identifiers beside each connection.
Power terminals shall be copper and rated for the circuit ampacity. 
ACCESSORIES
Fasteners: To the extent possible, fastener material shall be consistent with conduit material.  For PVC-coated rigid steel conduit runs, fasteners shall have factory applied PVC coating or be stainless-steel.  Fasten raceway systems to supporting structures using the following:
To Wood: Stainless-steel screws
To Hollow Masonry Units: Toggle bolts and/or hollow wall anchors shall be stainless-steel.
To Brick Masonry: Expansion bolts by Price, or equal shall be stainless-steel.
To Concrete: Anchors shall be expansion anchors shall be stainless-steel.
To Steel: Beam clamps in accordance with Section 26 05 29, Hangers and Supports for Electrical Systems which shall be stainless-steel.
Duct Sealing Compound
Soft, fibrous, slightly tacky, non-hardening sealing compound.
Remains workable at all temperatures.
Compound shall not slump at temperature of 300°F and shall readily adhere to clean surfaces of plastic ducts, metallic conduits, conduit coatings, concrete, masonry, lead, cable sheaths, cable jackets, insulation materials, and common metals.
Conduit Sealing Bushings: Factory-fabricated watertight conduit sealing bushing assemblies suitable for sealing around conduit passing through concrete floors, walls, or boxes. Construct seals with steel sleeve, malleable iron body, neoprene sealing grommets or rings, metal pressure rings, pressure clamps, and cap screws.
Cable Supports for Vertical Conduit: Factory-fabricated assembly consisting of threaded body and insulating wedging plug for nonarmored electrical cables in riser conduits. Provide plugs with number and size of conductor gripping holes as required to suit individual risers.
Pipe Sleeves: Provide pipe sleeves of one of following:
Sheet Metal: Fabricate from galvanized sheet metal; round tube closed with snaplock joint, welded spiral seams, or welded longitudinal joint. Fabricate sleeves from following gauge metal for sleeve diameter noted:
3 in. and smaller: 20 ga.
4 in. to 6 in.: 16 ga.
Over 6 in.: 14 ga.
Steel Pipe: Fabricate from Schedule 40 galvanized steel pipe.
Plastic Pipe: Fabricate from Schedule 80 PVC plastic pipe.
FIRE RESISTANT JOINT SEALERS
Two-part, foamed-in-place, silicone sealant formulated for use in through-penetration fire-stopping around cables, conduit, pipes, and duct penetrations through fire-rated walls and floors.
Sealants and accessories shall have fire-resistance ratings indicated, as established by testing identical assemblies in accordance with ASTM E 814, by Underwriters' Laboratories, Inc., or other testing and inspection agency acceptable to authorities having jurisdiction.
IDENTIFICATION
Conduit Labels:
Provide conduit labels in accordance with Section 26 05 53, Identification for Electrical Systems.
Warning Tape:
Provide warning tape in accordance with Section 26 05 53, Identification for Electrical Systems.
EXECUTION
INSPECTION 
Examine conditions under which the Work will be performed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with installation until unsatisfactory conditions are corrected.
INSTALLATION
********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
Supports:
Rigidly support conduits by clamps, hangers, or Unistrut-type channels.  Conduit supports and accessories shall be in accordance with Section 26 05 29, Hangers and Supports for Electrical Systems.
Support single conduits by means of one-hole pipe clamps in combination with one-screw back plates, to raise conduits from the support surface.  Support multiple runs of conduits on trapeze type hangers.
Fastenings: Fasten raceway systems rigidly and neatly to supporting structures using specified materials.  Follow NEC for support spacing.
Exposed Conduit:
Install exposed raceways parallel to or at right angles to nearby surfaces or structural members, and follow surface contours as much as practical.
Mount exposed horizontal runs as high above floor as possible, and in no case lower than 7 ft above floors, walkways, or platforms in passage areas.
Run parallel or banked raceways together, on common supports where practical.
Make bends in parallel or banked runs from same center line to make bends parallel. Use factory elbows only where they can be installed parallel; otherwise, provide field bends for parallel raceways.
Where possible, run in groups.  Provide conduit racks of suitable width, length, and height, arranged to suit field conditions.  Provide support every ten feet, minimum.
Install on structural members in protected locations.
Locate clear of interferences.
Provide six inches of clearance from hot fluid lines and 1/4-inch from walls.
Install vertical runs plumb.  Unsecured drop length shall not exceed 12 feet.
Use temporary closures to prevent foreign matter from entering raceway.
*********************************************************************************************
NTS: The following conduit embedment criteria is intended for Contractor’s use when conduit embedment is desirable and the conduit routings are not detailed on the drawings.  The criteria are based on worst-case structural factors.  When embedded conduit routing is included on a project, check with the structural Engineer to determine the actual criteria for the project.
*********************************************************************************************
Conduit Embedded in Structural Concrete:
Run embedded conduit in structural concrete in center of slabs and walls and above waterstops.  Conduit connections shall be made watertight.
Before placing concrete, arrange for observation of conduit installation by RPR or Engineer and make necessary conduit location measurements and provide required information on record documents.
Confirm that concrete thickness is sufficient for embedding the quantity of conduits intended.  Unless specifically shown or indicated otherwise, embedded conduits shall be in accordance with the following criteria:
Minimum concrete thickness shall be as follows:
For concrete 16 inches thick and less, minimum concrete thickness shall be 11.5 inches plus the depth of largest conduit assembly.  Conduit assembly depth shall be from the top of uppermost conduit to bottom of lowest conduit.
For concrete greater than 16 inches thick, minimum concrete thickness shall be 13.5 inches plus depth of largest conduit assembly.
For concrete at foundation slabs, provide a one inch additional to minimum concrete thicknesses specified.
Conduit spacing shall be as follows:
Two adjacent conduits shall be separated by center-to-center distance of three times the outer diameter of larger conduit 
When conduits cross at a point, conduits may be in direct contact and angle of cross shall be 45 degrees or greater.  Conduits may also cross within the vertical spacing of multi-conduit layer assembly.
When conduits cross structural expansion joint, two adjacent conduits shall be separated by center-to-center distance of three times the outer diameter of conduit fitting of the larger conduit 
Underground Conduits:
Install individual, underground conduits minimum of 36 inches below grade, unless otherwise shown or indicated.
Perform excavation, bedding, backfilling, and surface restoration, including pavement replacement where required, in accordance with Section 31 00 05 Trenching and Earthwork, and Section 32 16 00, Asphalt Paving.
Install traceable warning tape 12 inches below finished grade over buried conduits. 
Installation shall be in accordance with requirements of section 26 05 43 Underground Ducts and Raceways for Electrical Systems
Empty Conduits:
Install nylon pull wire in each empty conduit and cap conduits not terminating in boxes with permanent fittings designed for the purpose.
Install two spare 1 in. conduits from top of each flush mounted panelboard to area above ceiling for future use. On flush mounted panelboards located on first and higher level floors, provide two spare 1 in. conduits from bottom of panelboard to ceiling area of floor below for future use.
Field Bends: No indentations.  Diameter of conduit shall not vary more than 15 percent at bends.
Joints:
Apply conductive compound to joints before assembly.
Make up joints tight and ground thoroughly.
Use standard tapered pipe threads for conduit and fittings.
Cut conduit ends square and ream to prevent damaging wire and cable.
Use full threaded couplings.  Split couplings are not allowed.
Use strap wrenches and vises to install conduit.  Replace conduit with wrench marks.
Apply zinc-rich paint to exposed threads and other areas of galvanized conduit system where base metal is exposed.
Terminations:
Install insulated bushings on conduits entering boxes or cabinets, except when threaded hubs are used.
Provide locknuts on both inside and outside of enclosure, except when threaded hubs are used.
Use of bushings in lieu of locknuts is not allowed.
Install conduit hubs on conduits entering boxes or cabinets in wet and corrosive areas.
Moisture Protection:
Plug or cap conduit ends at time of installation to prevent entrance of moisture and foreign materials.
Underground and embedded conduit connections shall be watertight.
Thruwall Seals and Conduit Sealing Bushings: Install for conduits passing through concrete slabs, floors, walls, or concrete block walls.    
Drainage: Conduit runs shall be fully drainable.  Where possible install conduit runs to drain to one end and away from building.  Avoid pockets or depressions in conduit runs.
Seal conduit openings within control and instrumentation panels and distribution equipment with duct sealing compound to provide watertight seal.
Use threaded hubs when entering top of enclosures.
Use sealing type locknuts when entering sides or bottom of enclosures.
Corrosion Protection:
*********************************************************************************************
NTS: If conduit curbs are to be required for project, keep section 1 below, otherwise delete.
*********************************************************************************************
Conduit Curb:
For conduits routed in concrete slabs or floors and stub-ups through floor, provide 4-inch high concrete curb, extending two inches from outer surface of conduit penetrating floor, to prevent corrosion.  For floor-mounted equipment, concrete equipment base shall be in lieu of concrete curb.
Conduit stub-ups shall be 90-degree, PVC-coated, rigid, galvanized steel conduit elbow.  PVC-coated elbow shall extend a minimum of 1/2-inch above top of concrete curb or equipment base.  Should elbow not reach specified height, provide PVC-coated conduit extension to accommodate specified requirements.  Provide coupling or fitting for transition from rigid galvanized steel conduit or PVC conduit in slab to PVC-coated elbow.
For conduits stubbing up and terminating at equipment enclosure mounted on concrete base, provide insulated grounding bushing on PVC-coated rigid steel elbow.
For conduits stubbing up and extending to boxes, cabinets, and other enclosures above the concrete curb in wet and dusty areas, provide conduit coupling/fittings between the PVC-coated rigid steel elbow and rigid steel conduit for transition between the two conduit types.
For conduits stubbing up and extending to boxes, cabinets, and other enclosures above the concrete curb or equipment base in corrosive areas, continue conduit system with PVC-coated rigid steel conduit 
Dissimilar Metals:
Prevent occurrence of electrolytic action between dissimilar metals.
Do not use copper products in connection with aluminum, and do not use aluminum in locations subject to drainage of copper compounds on bare aluminum.
Protect Aluminum conduit where in contact with concrete.
Reused Existing Conduits:
Pull rag swab through conduits to remove water and to clean conduit prior to installing new cable.
Repeat swabbing until all foreign material is removed.
Pull mandrel through conduit, if necessary, to remove obstructions.
Core drill for individual conduits passing through existing concrete slabs and walls.  Notify Engineer in writing in advance of core drilling.  Prior to core drilling, drill sufficient number of small exploratory holes to establish that the area to be core drilled is free of existing embedded conduits.  Seal spaces around conduit meeting moisture protection requirements of this section.
Non-metallic Conduit:
Install in accordance with manufacturer’s recommendations.
Provide manufacturer’s recommended adhesives or sealants for watertight connections.
Provide expansion fittings for expansion and contraction to compensate for temperature variations.  Fittings shall be watertight and suitable for direct burial.
Use PVC coated rigid steel elbows in concrete encasements and duct banks.
Transition to PVC-coated rigid steel conduit before making turn up to enclosures.
PVC-coated Rigid Steel Conduit:
Install in accordance with manufacturer’s recommendations.
Install with manufacturer’s installation tools to avoid damage to PVC coating.
Repair damaged PVC coating with manufacturer’s recommended touch-up compound.
Use only manufacturer approved threading equipment and tools
Telephone and Signal System Raceways 2 in. Trade Size and Smaller: In addition to above requirements, install in maximum lengths of 150 ft (45 m) and with maximum of two 90° bends or equivalent. Install pull or junction boxes where necessary to comply with these requirements.
Conduit bends
Make bends and offsets so inside diameter is not reduced. Unless otherwise indicated, keep legs of bend in same plane and straight legs of offsets parallel.
Provide NEMA standard conduit bends, except for conduits containing medium voltage cable, fiber optic cable, or conductors requiring large radius bends.
Provide large radius conduit bends for conduits containing 5 kV and 15 kV cables as follows:
	Conduit Trade Size
	Bend Radius

	2 in. - 2-1/2 in
	36 in

	3 in. – 4 in
	48 in

	5 in
	48 in



Where physical limitations do not permit use of above, conduit bends with radius of at 8 times diameter of largest cable passing through conduit may be used.
Identify conduits, including spares, in accordance with Section 26 05 53, Identification for Electrical Systems.
Vertical Conductor Supports: Install simultaneously with installation of conductors.
Sleeves: Install in concrete slabs and walls and other fire-rated floors and walls for raceways and cable installations. For sleeves through fire rated-wall or floor construction, apply UL listed firestopping sealant in gaps between sleeves and enclosed conduits and cables.
Conduit Seals: Install seals for conduit penetrations of slabs below grade and exterior walls below grade and where indicated. Tighten sleeve seal screws until sealing grommets have expanded to form watertight seal.
Conduit extending through roof shall be sealed and integrated into the roofing system and made water tight.
FLEXIBLE CONDUIT INSTALLATION
Use maximum of 6 ft (1830 mm) of flexible conduit for recessed and semi-recessed lighting fixtures.
Install at motors, transformers, field instruments, and equipment subject to vibration or require movement for maintenance purposes.  Provide necessary reducer where equipment furnished cannot accept 3/4 inch diameter flexible conduit.  Limit flexible conduit length to three feet maximum.
Use liquidtight flexible conduit in wet or damp locations.
Use approved flexible connections in hazardous locations.
Install separate ground conductor inside flexible conduit connections.
PULL JUNCTION AND TERMINAL BOXES INSTALLATION
*********************************************************************************************
NTS: Number the boxes on the drawings when required.  
*********************************************************************************************
Mount boxes so that sufficient access and working space is provided and maintain clearance of not less than 1/4-inch from walls.
Securely fasten boxes to walls or other structural surfaces on which boxes are mounted.  Provide independent supports that comply with Section 26 05 29, Hangers and Supports for Electrical Systems, where boxes will not be mounted on walls or other structural surface.
Install pull boxes where shown or indicated, and provide pull boxes where one or more of the following conditions exist:
Conduit runs containing more than three 90-degree bends.
Conduit runs exceeding 200 feet in length. 
Provide removable, flame-retardant, insulating cable supports in boxes with any dimension exceeding three feet.
Field-apply PVC touch-up to scratched PVC boxes damaged during installa­tion.  Touch-up work shall be in accordance with manufacturer’s recommendations and instructions.
Size junction, pull, and terminal boxes in accordance with NEC Article 314 and other Laws and Regulations.
Provide terminal blocks in boxes where shown and where cable terminations or splices are required.
Do not locate boxes on handrails, unless directed by Engineer.
FITTINGS
Install raceway sealing fittings according to manufacturer's written instructions. Locate fittings at suitable, approved, accessible locations and fill them with UL-listed sealing compound. Install raceway sealing fittings at following points and elsewhere as indicated:
Where conduits enter or leave hazardous locations.
Where conduits pass from warm locations to cold locations, such as boundaries of refrigerated spaces and air-conditioned spaces.
Where otherwise required by NEC.
Use raceway fittings compatible with raceway and suitable for use and location. For GRS use threaded galvanized rigid steel conduit fittings, except as otherwise indicated.
Install automatic breather drain fittings according to manufacturer’s written instructions. Locate fittings to drain conduit system and prevent condensate from entering device enclosures. Install automatic breather drain fittings at following points and elsewhere as indicated.
Where vertical seals are installed.
Low points in conduit system.
Below field instruments at junction of flexible and rigid conduit.
Where otherwise required by NEC.
Install wall entrance seal as dictated by application where conduits pass through foundation walls below grade.
Install conduit expansion fittings complete with bonding jumper in following locations.
Conduit runs crossing structural expansion joint.
Conduit runs attached to 2 separate structures.
Conduit runs where movement perpendicular to axis of conduit may be encountered.
Where conduit passes from inside of building to outdoors, it shall be firmly packed at fitting nearest wall line with Johns-Manville Duxseal to depth of at least 1 in. after wires and cables are pulled in; or, if conduit enters directly into equipment, it shall be fitted with seal and drain fitting to prevent water entering equipment.
GROUNDING
Ground in accordance with Section 26 05 26.
Provide grounding connections for raceway, boxes, and components as indicated and instructed by manufacturer. 
Tighten connectors and terminals, including screws and bolts, according to equipment manufacturer's published torque-tightening values for equipment connectors. 
Where manufacturer's torque requirements are not indicated, tighten connectors and terminals according to torques requirements specified in UL 486A.
PROTECTION
Provide final protection and maintain conditions, in manner acceptable to manufacturer and Installer, to ensure that coatings, finishes, and cabinets are without damage or deterioration at Substantial Completion.
Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
Repair damage to PVC or paint finishes with matching touch-up coating recommended by manufacturer.
CLEANING
Upon completion of installation of system, including outlet fittings and devices, inspect exposed finish. Remove burrs, dirt, and construction debris and repair damaged finish, including chips, scratches, and abrasions.
FIELD QUALITY CONTROL
Site Tests:
Test conduits by pulling through each conduit a cylindrical mandrel with length not less than two pipe inside diameters, having an outside diameter equal to 90 percent of conduit’s inside diameter.
Maintain a record, by number, of all conduits successfully tested.
Repair or replace conduits that do not successfully pass testing, and re-test.
+ + END OF SECTION + +

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS	26 05 33-9
v. 3.21
[bookmark: Section9]26 05 43
UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install manholes, handholes, and underground ductbanks for electrical systems Work.
Coordination: 
Coordinate manhole, handhole, and underground ductbank installation with piping, sheeting other excavation supports, and other Underground Facilities, and locate clear of interferences.
Review installation procedures under this and other Sections and coordinate installation of items to be installed with or before manhole, handhole, and underground ductbanks for electrical systems Work.
*********************************************************************************************
NTS: Delete paragraph “3” on single prime contract projects.
*********************************************************************************************
Notify other contractors in advance of installing manholes, handholes, and underground ductbanks for electrical systems to provide other contractors with sufficient time for installing items included in their contracts that will be installed with or before manhole and handhole for electrical systems Work.
Coordinate locations and elevations from those indicated as required to suit field conditions and to ensure that duct runs drain to manholes and handholes, and as approved by Engineer.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 03 20 00, Concrete Reinforcing.
Section 03 30 00, Cast in Place Concrete.
Section 26 05 26, Grounding and Bonding for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 33 Raceways and Boxes for Electrical Systems
Section 31 00 05, Trenching and Earthwork
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
AASHTO, Specifications for Highway Bridges.
ANSI/SCTE 77, Specification for Underground Enclosure Integrity.
ASTM A48/A48M, Specification for Gray Iron Castings.
ASTM C478, Specification for Precast Reinforced Concrete Manhole Sections
ASTM C 858, Specification for Underground Precast Concrete Utility Structures
ASTM C 1037, Standard Practice for Inspection of Underground Precast Concrete Utility Structures
FIELD CONDITIONS
Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electrical service according to requirements indicated:
Notify Engineer no fewer than fourteen (14) days in advance of proposed interruption of electrical service.
Do not proceed with interruption of electrical service without Engineer's written permission.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Underground Ducts and Raceways - Manufacturer’s Technical Information 
Specifications, and literature for manholes, handholes, castings, and accessories proposed for use.
Duct-Bank Materials - Include separators and miscellaneous components.
Ducts and Conduits and Their Accessories - Include elbows, end bells, bends, fittings, and solvent cement.
Warning Tape - Product information including markings and selected color. 
Shop Drawings 
Layout of Manhole Electrical Systems
Where manholes have extensive electrical systems and supports for electrical systems, submit for each plans, sections, and details indicating proposed layout of such materials and equipment in each manhole.
Shop Drawings for Factory-Fabricated Handholes and Boxes Other Than Precast Concrete
Include dimensioned plans, sections, and elevations, and fabrication and installation details, including the following:
Duct entry provisions, including locations and duct sizes.
Cover design.
Grounding details.
Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.
Precast or Factory-Fabricated Underground Utility Structures
Include plans, elevations, sections, details, attachments to other work, and accessories, including the following:
0. Duct entry provisions, including locations and duct sizes.
Reinforcement details.
Frame and cover design and manhole frame support rings.
Ladder and/or Step details.
Grounding details.
Dimensioned locations of cable rack inserts, pulling-in and lifting irons, and sumps.
Joint details.
Duct-Bank Coordination Drawings
Show duct profiles and coordination with other utilities and underground structures.
Include plans and sections, drawn to scale, and show bends and locations of expansion fittings.
Drawings shall be signed and sealed by a qualified professional engineer.
Typical cross sections for each ductbank.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates 
Underground Ducts and Raceways – Product Certificates
Submit for concrete and steel used in precast concrete manholes and handholes, as required by ASTM C 858.
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 
Underground Ducts and Raceways – Record Drawings
Include actual routing of underground ductbank runs on record documents in accordance with Section 01 78 39, Project Record 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. Submit the following.
Spare Parts (NOT USED)
Extra Stock Materials
Underground Ducts and Raceways – Extra Stock Materials
Furnish cable-support stanchions, arms, insulators, and associated fasteners in quantities equal to ten (10) percent of quantity of each item installed.
Tools (NOT USED)
QUALITY ASSURANCE
Component Supply and Compatibility:
Obtain all manholes and handholes furnished under this Section from a single Supplier, unless otherwise acceptable to Engineer.
Manhole and handhole Supplier shall review and approve the Shop Drawing submittals for the manholes and handholes furnished.
Comply with NFPA 70.
DELIVERY, STORAGE, AND HANDLING
Deliver ducts to Project site with ends capped.  Store nonmetallic ducts with supports to prevent bending, warping, and deforming.
Store precast concrete and/or other factory-fabricated underground utility structures at Project site as recommended by manufacturer to prevent physical damage.  Arrange so identification markings are visible.
Lift and support precast concrete units only at designated lifting or supporting points.
PRODUCTS
MATERIALS
*********************************************************************************************
NTS: Edit paragraph “A”, below, to suit the project.  Edit as required to require either precast or cast-in-place construction.  When precast manholes and handholes are desired, coordinate with the structural Engineer for Project requirements.  Manhole and handhole standard details that reflect cast-in-place construction will require editing when precast is specified.  Edit paragraph “A.1”, below, when the “short form” section 03 00 05, Concrete, is used.
*********************************************************************************************
Material and Construction:
Material shall be precast or cast‑in‑place reinforced concrete per Contract Drawings.
Provide minimum interior dimensions as shown or indicated.  
Unless otherwise indicated on drawings provide a 12-inch by 12-inch by six-inch deep sump in manhole floor
Duct entrances shall be sized and located to suit the ductbanks.
Precast Manholes:
Except where otherwise specified, precast manhole components shall consist of reinforced concrete pipe sections specially designed and constructed for use as manholes and manufactured in accor­dance with ASTM C478, except as modified in this Section.
Precast, reinforced concrete manhole bases, riser sections, flat slabs, and other components shall be manufactured by wet-cast methods, using forms that provide smooth surfaces free of irregularities, honeycombing, and other imperfections.
Joints between manhole components shall be tongue-and-groove type employing a single, continuous rubber O-ring gasket.  Circumferential and longitudinal steel reinforcing shall extend into bell and spigot ends of joint without breaking steel continuity.  Joints between base sections, riser sections, and top slabs of manholes six feet in diameter and less shall be rubber and concrete joints.  Joints for manhole components greater than six-foot diameter shall have steel bell and spigot rings.
Precast manhole components shall:
have sufficient strength to withstand loads imposed upon them; and
be constructed for minimum earth cover loading of 130 pounds per cubic foot, AASHTO H-20 wheel loading, and an allowance of 30 percent in roadways and 15 percent in rights-of-way for impact.  
Manhole bases shall have two cages of reinforcing steel in the walls, each reinforcing cage shall be of area equal to that required in the riser sections.  
Wall thickness shall be not less than five inches.
Concrete top slabs shall be not less than eight inches thick.
Lifting holes, when provided, shall be tapered.  Not more than two lifting holes shall be cast into each section.  Provide tapered, solid rubber plugs to seal lifting holes.  Lifting holes shall be made to be sealed by plugs driven from the outside face of section only.
Point of intersection (P.I.) of ductbank centerlines shall be marked with 1/4-inch diameter steel pin firmly enclosed in floor of each manhole base and protruding approximately one-inch above finished floor of base.
Mark date of manufacture and name or trademark of manufacturer on inside of manhole barrel.
Barrel of manhole shall be constructed of various lengths of riser pipe manufactured in increments of one foot to provide correct height with the fewest joints.  Provide not less than one foot clear between openings in barrel of manholes for ductbanks or other penetrations and the nearest joint.  Provide special manhole base or riser sections as required.
Provide at top of manhole barrel a precast or cast-in-place slab, or precast eccentric cone, as shown or approved, to receive manhole frame and cover.
Comply with ASTM C 858 and with interlocking mating sections, complete with accessories, hardware, and features.
Windows:  Precast openings in walls, arranged to match dimensions and elevations of approaching ducts and duct banks plus an additional 12 inches (300 mm) vertically and horizontally to accommodate alignment variations.
Windows shall be located no less than 6 inches (150 mm) from interior surfaces of walls, floors, or roofs of manholes, but close enough to corners to facilitate racking of cables on walls.
Window opening shall have cast-in-place, welded wire fabric reinforcement for field cutting and bending to tie in to concrete envelopes of duct banks.
Window openings shall be framed with at least two additional No. 4 steel reinforcing bars in concrete around each opening.
Duct Entrances in Manhole Walls:  Cast end-bell or duct-terminating fitting in wall for each entering duct.
Type and size shall match fittings to duct or conduit to be terminated.
Fittings shall align with elevations of approaching ducts and be located near interior corners of manholes to facilitate racking of cable.
Concrete Knockout Panels:  1-1/2 to 2 inches (38 to 50 mm) thick, for future conduit entrance and sleeve for ground rod.
Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.
Cast-In-Place Manholes
*********************************************************************************************
NTS: Coordinate this Article with Drawings for manhole designs, indicating locations, dimensions, features, accessories, and installation conditions.  See Evaluations.
*********************************************************************************************
Description:  Underground utility structures, constructed in place, complete with accessories, hardware, and features.  Include concrete knockout panels for conduit entrance and sleeve for ground rod.
Materials:  Comply with ASTM C 858 and with Division 03 Section "Cast-in-Place Concrete."
Structural Design Loading:  As specified in Part 3 "Underground Enclosure Application" Article.
Accessories:
Frames and Covers:
Manufacturers: Provide products of one of the following:
Neenah Foundry Company.
East Jordan Iron Works.
Material: Cast iron complying with ASTM A48/A48M, Class 30A.
Covers: Watertight, sealed type marked “ELECTRICAL” in raised two-inch letters.  Identify covers as shown or indicated on the Drawings.
Grout the frame to the manhole or handhole.
Pulling Irons:
Material: Galvanized steel.
Cast in the wall opposite to centerline of each incoming ductbank and 12 inches below centerline of bottom line of ducts.
Cable Racks:
Material: Galvanized steel cast in the wall.
*********************************************************************************************
NTS: Determine future capacity and size manholes and handholes accordingly.
*********************************************************************************************
Cable racks shall adequately support cables with space allowed for future cables.
Each rack shall be a vertical assembly of two-foot cable racks extending from within six inches of manhole roof slab to within six inches of manhole floor.
Cable Hooks: 
Material: Galvanized steel.
Length: 7.5‑inch minimum.
Insulators:
Material: Porcelain.
*********************************************************************************************
NTS: Edit conduit types in paragraph “C” to address other systems included in or encountered on the project.  In paragraph “C.2” below, rigid steel conduit is not required for fiber-optic cable applications.  Rigid steel conduit may be desirable for medium voltage distributions and other SCADA and communications systems.
*********************************************************************************************
Duct: Provide conduit and fittings in accordance with Section 26 05 33, Raceways and Boxes for Electrical Systems.  Conduit types shall be as follows:
Schedule 40 PVC conduits for power circuits.
Galvanized rigid steel conduits for the following types of circuits: low voltage status, analog, and communication.
Backfill: Provide backfill, including select backfill, in accordance with Section 31 00 05 Trenching and Earthwork.
*********************************************************************************************
NTS: Provide ductbank reinforcing in accordance with the Contract Drawings.
*********************************************************************************************
Reinforcing: Provide Ductbank reinforcing in accordance with Section 03 20 00, Concrete Reinforcing.
*********************************************************************************************
NTS: Provide ductbank concrete in accordance with the Contract Drawings.
*********************************************************************************************
Concrete: Provide ductbank concrete in accordance with Section 03 30 00, Cast-in-Place Concrete.
Grounding: Provide ground cable in accordance with Section 26 05 26, Grounding and Bonding for Electrical Systems.
*********************************************************************************************
NTS: Provide conduit spacers in accordance with the Contract Drawings.
*********************************************************************************************
Conduit Spacers: Conduit spacers shall be nonmetallic, interlocking type to maintain spacing between conduits.  Provide spacers suitable for all conduit types used in multiple sizes.
Duct Sealing Compound:
Products and Manufacturers: Provide one of the following:
0-Z/Gedney, Type DUX.
Or equal.
Warning Tape:  Underground-line warning tape specified in Division 26 Section "Identification for Electrical Systems."
PRECAST CONCRETE HANDHOLES AND BOXES
Comply with ASTM C 858 for design and manufacturing processes.
Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom unless open-bottom enclosures are indicated.  Frame and cover shall form top of enclosure and shall have load rating consistent with that of handhole or box.
*********************************************************************************************
NTS: Retain applicable subparagraphs and associated subparagraphs below, and edit to specify features of frame and cover assembly.  Consult with Owner for desired material type and location.
*********************************************************************************************
Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
Frame and Cover:  Weatherproof steel frame, with steel cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
Frame and Cover:  Weatherproof steel frame, with hinged steel access door assembly with tamper-resistant, captive, cover-securing bolts.
Cover Hinges:  Concealed, with hold-open ratchet assembly.
Cover Handle:  Recessed.
Frame and Cover:  Weatherproof aluminum frame with hinged aluminum access door assembly with tamper-resistant, captive, cover-securing bolts.
Cover Hinges:  Concealed, with hold-open ratchet assembly.
Cover Handle:  Recessed.
*********************************************************************************************
NTS: Coordinate remaining subparagraphs and associated subparagraphs below with Drawings. All closed bottom structures shall have a means to drain. (Sump pit and pump or drain connection to storm sewer.)
*********************************************************************************************
Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
Cover Legend:  Molded lettering, "ELECTRIC." "TELEPHONE." “FIBER OPTIC” 
Configuration:  Units shall be designed for flush burial and have [open] [closed] [integral closed] bottom, unless otherwise indicated.
Extensions and Slabs:  Designed to mate with bottom of enclosure.  Same material as enclosure.
Extension shall provide increased depth of minimum of 12 inches.
Slab:  Same dimensions as bottom of enclosure, and arranged to provide closure.
*********************************************************************************************
NTS: Windows are project dependent and should be selected appropriately.
*********************************************************************************************
Windows:  Precast openings in walls, arranged to match dimensions and elevations of approaching ducts and duct banks plus an additional 12 inches vertically and horizontally to accommodate alignment variations.
Windows shall be located no less than 6 inches from interior surfaces of walls, floors, or frames and covers of handholes, but close enough to corners to facilitate racking of cables on walls.
Window opening shall have cast-in-place, welded wire fabric reinforcement for field cutting and bending to tie in to concrete envelopes of duct banks.
Window openings shall be framed with at least two additional No. 4 steel reinforcing bars in concrete around each opening.
*********************************************************************************************
NTS: First subparagraph and associated subparagraphs below specify end-bell or duct-terminating fittings to be factory installed, ready for connection to approaching ducts in the field.  This method reduces installation costs but may increase risk of potential alignment problems.
*********************************************************************************************
Duct Entrances in Handhole Walls:  Cast end-bell or duct-terminating fitting in wall for each entering duct.
Type and size shall match fittings to duct or conduit to be terminated.
Fittings shall align with elevations of approaching ducts and be located near interior corners of handholes to facilitate racking of cable.
Handholes 12 inches wide by 24 inches long and larger shall have inserts for cable racks and pulling-in irons installed before concrete is poured.
HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
*********************************************************************************************
NTS: Retain this Article for installations at locations not subject to deliberate traffic paths of vehicles where enclosures lighter and less costly than those of concrete are desired.  Enclosures specified in this Article range from those suitable only for pedestrian areas to units able to withstand incidental, nondeliberate heavy-vehicle loading.  Coordinate with Part 1 "Submittals" and "Quality Assurance" articles and Part 3 "Underground Enclosure Application" Article.  Coordinate with Drawings for sizes.  See discussion of nonconcrete handhole application in the Evaluations.
*********************************************************************************************
Description:  Comply with SCTE 77.
*********************************************************************************************
NTS: First option in first subparagraph below facilitates bottom duct entry.  Second option may be provided by a separate slab placed in the excavation under an open-bottom enclosure; third option is obtained by molding or fabricating the bottom integrally with the body of the unit.
*********************************************************************************************
Configuration:  Units shall be designed for flush burial and have [open] [closed] [integral closed] bottom, unless otherwise indicated.
Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure.
Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
Cover Legend:  Molded lettering, ["ELECTRIC."] ["TELEPHONE."] [“FIBER OPTIC”]
*********************************************************************************************
NTS: Retain first subparagraph below if ducts will enter enclosure through the side.  Otherwise, entry will be made through an open bottom or through side openings cut in the field as specified in Part 3.  Coordinate with Drawings.
*********************************************************************************************
Duct Entrance Provisions:  Duct-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.”
Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for cable racks and pulling-in irons.
*********************************************************************************************
NTS: Retain applicable subparagraphs below to select enclosure type(s) for areas not subject to deliberate traffic by vehicles.  Coordinate selection with Part 3 "Underground Enclosure Application" Article.  For enclosures with cover options, verify that selected cover is available with the load rating specified in Part 3 "Underground Enclosure Application" Article. 
*********************************************************************************************
Polymer Concrete Handholes and Boxes with Polymer Concrete Cover:  Molded of sand and aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a combination of the two.
Fiberglass Handholes and Boxes with Polymer Concrete Frame and Cover:  Sheet-molded, fiberglass-reinforced, polyester resin enclosure joined to polymer concrete top ring or frame.
Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with covers of fiberglass.
SOURCE QUALITY CONTROL
*********************************************************************************************
NTS: Retain paragraph below for precast concrete utility structures.
*********************************************************************************************
Test and inspect precast concrete utility structures according to ASTM C 1037.
*********************************************************************************************
NTS: Retain paragraph below if underground enclosures of polymer concrete, fiberglass-reinforced polyester resin, high-density plastic, or composites of fiberglass and polymer concrete are specified.  See Evaluations.
*********************************************************************************************
Nonconcrete Handhole and Pull-Box Prototype Test:  Test prototypes of manholes and boxes for compliance with SCTE 77.  Strength tests shall be for specified tier ratings of products supplied.
*********************************************************************************************
NTS: Retain one of first two subparagraphs below.  Retain first to require an independent testing agency to test for compliance with SCTE requirements.  Retain second to require testing by manufacturers' laboratories.  See Evaluations for a discussion about testing.
*********************************************************************************************
Strength tests of complete boxes and covers shall be by either an independent testing agency or the manufacturer.  
Testing machine pressure gages shall have current calibration certification complying with ISO 9000 and ISO 10012, and traceable to NIST standards.
EXECUTION
INSPECTION
Examine conditions under which the Work will be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
*********************************************************************************************
NTS: Edit article “3.2”, below, to suit the Project.
*********************************************************************************************
INSTALLATION FOR MANHOLES AND HANDHOLES
Excavation and Backfill for Manholes and Handholes: 
Provide manholes and handholes for electrical systems where shown or indicated and verify at the Site the required locations.
Perform excavation and filling required for installing manholes and handholes for electrical systems, in accordance with Section 31 00 05 Trenching and Earthwork.
Provide manholes and handholes on granular subbase course as shown or indicated.  If not shown, provide layer of compacted select fill not less than six inches deep on which manhole or handhole for electrical systems will be installed.
Carefully set, level, and align at proper grade manhole bases and handholes
*********************************************************************************************
NTS: Delete paragraph “B”, below, when precast concrete manholes are not required.
*********************************************************************************************
Precast Manholes:
Set manhole sections vertical with steps and sections in true alignment.  Butter the base of each bell or groove end at joints between components with one-to-two proportion cement-sand mortar to provide uniform bearing between components.  Seal joints with cement mortar inside and out and trowel smooth to contour of wall surface.  Raised or rough joint finishes are unacceptable.
Install sections, joints, and gaskets in accordance with manufacturer’s recommendations.
Tightly seal each lifting hole with solid rubber plug driven into hole from outside of barrel; fill remaining void with one-to-two proportion cement-sand mortar.
Manhole and handhole structures shall be watertight.  Provide grout collar to seal all penetrations into manholes and handholes for electrical systems.
Cable Supports in Manholes:
Manhole shall be fabricated with cast-in-place galvanized steel cable support racks. Provide cable hooks to support each cable on each rack along the cable run within manholes.  
Individually support each cable at each hook on porcelain insulators.  Provide sufficient slack for each cable.
Securely tie each cable in place at each insulator block to prevent excessive movement of insulators, cables, or fireproof tape.  Tie cables with non‑metallic 3/4‑inch strapping tape manufactured by 3M or approved equal, or tie down with nylon straps.
Grounding:
Provide 3/4‑inch by 10‑foot copper‑clad ground rod for each manhole.
Bond all exposed metal manhole accessories and concrete reinforcing rods with No. 4 AWG minimum bare copper wire and connect to ground rod and to the ductbank ground cable.
*********************************************************************************************
NTS: Delete paragraph “F”, below, when not required.  Segregate analog and power cables by utilizing separate ductbank system for analog and power.
*********************************************************************************************
Metal Pull Box:
Provide NEMA 4X, stainless-steel, wall-mounted pull box inside each manhole and handhole for electrical systems where analog signal cables are mixed with power cables.
Route conduits for analog cables directly into and out of metal pull box so that analog cables are not exposed.
Riser Rings:
Provide riser rings for manholes when required to adjust cover to proper grade.  Construct riser ring on manhole roof slab or cone section on which manhole frame and cover will be placed.
Height of riser rings shall be as required to bring frame to proper grade and shall not exceed 6 inches in height.
Riser rings shall be precast concrete and shall have a minimum thickness of 2 inches and a maximum thickness of 6 inches.
Grading at Manholes and Handholes:
Unpaved Areas:
Install manholes and handholes in unpaved areas as shown or directed by Engineer to rim elevation higher than finished grade.
Grade the ground surface to drain away from manholes and handholes.
Provide fill around manholes and handholes to level of upper rim of manhole or handhole frame, and evenly grade the surface to a one (vertical)-to-five (horizontal) slope to surrounding grade, unless otherwise shown or directed by Engineer.
Paved or Travelled Areas:
Install manholes and handholes in paved or travelled areas to meet final grade of paved or concrete surface.
Manholes and handholes shall not project above finished roadway pavement.
Contractor shall be solely responsible for proper height of manholes and handholes necessary to reach final grade.  Engineer’s review of Shop Drawings and other submittals for manholes and handholes is general in nature.  Provide random-length precast manhole riser sections to adjust manholes to accommodate field conditions for final grading and final elevations.
INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting ducts to minimize bends and deflections required for proper entrances.  Use box extension if required to match depths of ducts, and seal joint between box and extension as recommended by the manufacturer.
Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.
Elevation:  In paved areas and trafficways, set so cover surface will be flush with finished grade.  Set covers of other handholes 1 inch  above finished grade.
Install handholes and boxes with bottom below the frost line, 36 inches below grade.
Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated.  Select arm lengths to be long enough to provide spare space for future cables, but short enough to preserve adequate working clearances in the enclosure.
Field-cut openings for ducts and conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations after fittings are installed.
For enclosures installed in asphalt paving and concrete paving and subject to occasional, non-deliberate, heavy-vehicle loading, provide concrete ring  encircling, and in contact with, enclosure and with top surface of box cover frame.  Bottom of ring shall rest on manhole.
INSTALLATION OF UNDERGROUND DUCTBANKS
Underground Duct Application
Ducts for Electrical Cables Over 600 V:  RNC, NEMA Type EPC-40 - PVC, in concrete-encased duct bank, unless otherwise indicated.
Ducts for Electrical Feeders and branch circuits 600 V and Less:  RNC, NEMA Type  EPC-40 - PVC, in concrete-encased duct bank, unless otherwise indicated.
Underground Ducts for Telephone, Communications, or Data Utility Service Cables:  RNC, NEMA Type EPC-40 - PVC, in concrete-encased duct bank, unless otherwise indicated.
Underground Conduits for Instrumentation and Control Wiring shall be PVC Coated galvanized rigid conduit installed in direct-buried underground conduits, unless otherwise indicated.
Conduits shall use plastic ty-wrap to tie to spacers.  Tie wires shall not be used.
Excavation and Backfilling:
Provide excavation and backfilling for ductbank installation in accordance with Section 31 00 05 Trenching and Earthwork.
Do not backfill with material containing large rock, paving materials, cinders, large or sharply angular substances, corrosive material, or other materials that can damage or contribute to corrosion of ducts or cables, or prevent adequate compaction of backfill.
Ductbank Layout:
Depth:  Install top of duct bank at least 36 inches below finished grade in areas not subject to deliberate traffic, and at least 42 inches below finished grade in deliberate traffic paths for vehicles, unless otherwise indicated.
Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment.  Slope ducts from a high point in runs between two manholes to drain in both directions. Ductbank Assembly:
Assemble ductbanks using non‑magnetic saddles, spacers, and separators.  Position separators to provide minimum three-inch concrete separation between outer surfaces of each conduit.  Provide side forms for each ductbank.
Separator Installation:  Space separators close enough to prevent sagging and deforming of ducts, with not less than 4 spacers per 20 feet  of duct.  Secure separators to earth and to ducts to prevent floating during concreting.  Tie entire assembly together using fabric straps; do not use tie wires or reinforcing steel that may form conductive or magnetic loops around ducts or duct groups.
Stub-Ups:  
Use manufactured PVC Coated Rigid duct elbows for stub-ups at poles and equipment and at building entrances through the floor, unless otherwise indicated.  Extend concrete encasement throughout the length of the elbow.
Stub-Ups:  Use manufactured PVC Coated Rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through the floor.
Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete.
Stub-Ups to Equipment:  For equipment mounted on outdoor concrete bases, extend steel conduit horizontally a minimum of 60 inches from edge of base.  Install insulated grounding bushings on terminations at equipment.
Curves and Bends:
Use manufactured long sweep bends with a minimum radius of 48 inches, both horizontally and vertically, at transformer enclosures.
Use manufactured long sweep bends with a minimum radius of 48 inches, both horizontally and vertically, for all fiber optic cable runs.
Use manufactured long sweep bends with a minimum radius of 36 inches, both horizontally and vertically, at other locations, unless otherwise indicated.
Use PVC coated Rigid Conduit elbows for 90 degree turns in Rigid Non-metallic Conduit within concrete encasement.
Concrete Placing:
Provide minimum four-inch concrete covering on each side, top, and bottom of concrete envelopes around conduits.  Concrete covering shall be as shown or indicated on the Drawings.
Firmly fix conduits in place during concrete placing.  Carefully place and vibrate concrete to fill spaces between conduits.
*********************************************************************************************
NTS: Coordinate conduit transitions with the conduit types to be used and edit paragraph “E” to suit the project.  Coordinate fittings required with the structural Engineer and edit below to suit the project.

The need and location of expansion/deflection fittings are a function of the soil conditions that should be determined on a project-by-project basis.
*********************************************************************************************
Conduit Transitions:
Conduit installations shall be watertight throughout entire length of ductbank.
Terminate conduits with insulated grounding bushings.
Continue conduits inside buildings in accordance with Section 26 05 33.13, Rigid Conduits, and as shown or indicated in the Contract Documents.
If ducts are not concrete-encased, provide expansion and deflection fittings in accordance with Section 26 05 33.26, Expansion/Deflection Fittings.
Plug and seal empty spare conduits entering struc­tures.  Conduits in use entering structures shall be sealed watertight with duct sealing compound.
Pulling Cord:  Install 100-lbf- (445-N-) test nylon cord in ducts, including spares.
*********************************************************************************************
NTS: For each Project, coordinate with the structural Engineer typical ductbank details and roadway reinforcing requirements.  Bar sizes shall be specific to Soil conditions on each project.
*********************************************************************************************
Ductbank Reinforcing: 
Provide reinforcing for all ductbanks:
Install ductbank reinforcement as shown or indicated on the Drawings.
Provide maximum clearance of 1.5 inches from bars to edge of concrete encasement.
Connections to Structures:
Firmly anchor ductbanks to structure walls, building walls, or slabs.  Epoxy-grout ductbank rebar into structure concrete to eliminate sheer forces between ductbank and structure wall concrete.
Duct banks shall be doweled to concrete manholes, concrete hand holes, and concrete foundations with a minimum of four corners of the duct bank.
Ductbank penetrations through structure walls shall be watertight.
Grounding:
Provide bare stranded copper ductbank ground cable in each ductbank envelope.  Make ground electrically continuous throughout entire ductbank system.
Connect ground cable to building and station ground grid or to equipment ground buses.  Also, connect ground cable to steel conduit extensions of underground ductbank system.
Provide ground clamp and bonding of each steel conduit extension to maintain continuity of ground system.
Terminate ground cable at last manhole or handhole for outlying structures.
Detectable Underground Warning Tape:
Provide detectable underground warning tapes complying with Section 26 05 53, Identification for Electrical Systems, over the full length of each underground ductbank.
Install warning tapes approximately 12 inches below grade.
Provide multiple tapes across the width of each ductbank.  Locate center of a warning tape above each edge of ductbank, and at intervals across top width of ductbank so that clear space between tapes does not exceed six inches.
Provide an additional warning tape for each 12-inch increment of duct-bank width over a nominal 18 inches.  Space additional tapes 12 inches  apart, horizontally.
Reused Existing Conduits or Ducts:
Pull rag swab through duct to remove water and to clean conduits prior to installing new cable.
Repeat swabbing until all foreign material is removed.
Pull mandrel through duct, if necessary, to remove obstructions.
Direct-Buried Conduits:
Only single run conduit shall be direct buried unless otherwise indicated. 
Conduit shall be PVC coated rigid.
Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottoms as specified in Section 31 00 05 Trenching and Earthwork
After installing conduit, backfill and compact.  Start at tie-in point and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process.  Firmly tamp backfill around conduit to provide maximum supporting strength.  Use hand tamper only.  After placing controlled backfill, make final connections at end of run and complete backfilling with normal compaction as specified in Section 31 00 05 Trenching and Earthwork.
Depth:  Install top of conduit at least 36 inches below finished grade, unless otherwise indicated.
Install manufactured PVC Coated Rigid elbows for stub-ups at poles and equipment and at building entrances through the floor, unless otherwise indicated.  
FIELD QUALITY CONTROL
Watertightness:
Manholes and handholes for electrical systems shall be free of visible leakage.  Inspect each manhole and handhole accompanied by Engineer, and repair leaks.
Perform the following tests and inspections and prepare test reports:
Demonstrate capability and compliance with requirements on completion of installation of underground ducts and utility structures.
Pull test mandrel through duct to prove joint integrity and test for out-of-round duct.  Provide mandrel equal to 80 percent fill of duct.  If obstructions are indicated, remove obstructions and retest.
Test manhole and handhole grounding to ensure electrical continuity of grounding and bonding connections.  Measure and report ground resistance as specified in Division 26 Section "Grounding and Bonding for Electrical Systems."
Correct deficiencies and retest as specified above to demonstrate compliance.
CLEANING
Pull rag swab through duct to remove water and to clean conduits prior to installing new cable.
Repeat swabbing until all foreign material is removed.
Clean internal surfaces of manholes, including sump.  Remove foreign material.
+ + END OF SECTION + +
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*********************************************************************************************
NTS: Coordinate this section with section 10 14 00, Signage.
*********************************************************************************************
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals shown, specified, and required to furnish and install identification for electrical apparatus and electrical Work.
Section Includes:
Identification for raceways.
Identification of power and control cables.
Identification for conductors.
Underground-line warning tape.
Warning labels and signs.
Instruction signs.
Equipment identification labels.
Miscellaneous identification products.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list Administrative and Procedural Division 01 Sections.
*********************************************************************************************
Section 26 05 13 Medium Voltage Cables
Section 26 05 19, Low Voltage Electrical Power Conductors and Cables.
Section 40 61 13, Process Control Systems General Provisions.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
QUALITY ASSURANCE
Regulatory Requirements: Comply with the following:
*********************************************************************************************
NTS: Retain applicable laws and regulations and add others as required.
*********************************************************************************************
NEC Article 110, Requirements for Electrical Installation.
NEC Article 210, Branch Circuits.
NEC Article 215, Feeders.
NEC Article 504, Intrinsically Safe Systems.
NEC Article 700, Emergency Systems.
NEC Article 701, Legally Required Standby Systems.
NEC Article 702, Optional Standby Systems.
40 CFR 1910.145 (OSHA) – Specification for Accident Prevention Signs and Tags.
ANSI A13.1and IEEE C2.
NFPA 70.
NFPA 79.
29 CFR 1910.144 and 29 CFR 1910.145.
ANSI Z535.4 for safety signs and labels.
Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.
FIELD CONDITIONS
Coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, standards, and 29 CFR 1910.145.  Use consistent designations throughout Project.
Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
Coordinate installation of identifying devices with location of access panels and doors.
Install identifying devices before installing acoustical ceilings and similar concealment.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Identification For Electrical Systems –Product Data
Manufacturer’s literature, cut sheets, specifications, dimensions and technical data for all products proposed under this Section.
Shop Drawings 
Identification For Electrical Systems – 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.
Identification For Electrical Systems – Schedule
An index of nomenclature of electrical equipment and system components used in identification signs and labels.
Samples 
Identification For Electrical Systems – Samples
For each type of label and sign to illustrate size, colors, lettering style, mounting provisions, and graphic features of identification products.
Delegated Design Submittal (NOT USED)
Informational Submittals. (NOT USED) 
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. (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)
*********************************************************************************************
NTS: Edit “Part 2” to suit the project.  Delete inapplicable items.
*********************************************************************************************
PRODUCTS
MANUFACTURED UNITS
Engraved Identification Devices (Nameplates and Legend Plates):
Lettering size and line weight shall be the same for all legend plates on the same panel or enclosure.  
Nameplates:
Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with black letters on a white background.  Minimum letter height shall be 3/8 inch (10 mm).
Engraved, Laminated Acrylic or Melamine Label:  Punched or drilled for screw mounting.  Black letters on a dark-gray background.  Minimum letter height shall be 3/8 inch (10 mm).
Nameplates one inch or less in height shall have one mounting hole at each end.  Nameplates greater than one inch in height shall have mounting holes in the four corners.
Nameplates one inch or less in height shall have one mounting hole at each end.  Nameplates greater than one inch in height shall have mounting holes in the four corners.
Legend Plates:
Legend plates for pushbuttons, pilot lights, selector switches, and other panel-mounted devices shall be large size with dimensions of approximately 2-7/16 inches wide by 2-13/32 inches tall (Allen Bradley large automotive size), plastic, custom engraved with black letters on white background.
Provide standard-size legend plates where devices are mounted on motor control centers and spacing of devices precludes using automotive-size legend plates.
Safety Signs and Voltage Markers:
Provide high voltage signs for equipment operating over 600 volts.
High-Voltage Safety Signs for Outdoor Applications:
Unless otherwise shown or indicated, high voltage safety signs shall be not less than 10 inches high by 14 inches wide, of fiberglass reinforced plastic, and shall comply with 40 CFR 1910.145.  Signs shall resist fading from exposure to temperature extremes, ultraviolet light, abrasive, and corrosive environments, and shall read, “DANGER – HIGH VOLTAGE – KEEP OUT”
Mounting hardware shall be Type 316 stainless-steel. Nylon cable ties shall be permitted for applications that do not allow stainless-steel hardware.
High-Voltage Safety Signs for Indoor Applications:
High voltage safety signs for installation on indoor equipment shall be either pressure-sensitive acrylic or vinyl, and shall be not less than 10 inches high by 14 inches wide, shall comply with 40 CFR 1910.145, and shall read, “DANGER – HIGH VOLTAGE – KEEP OUT”.
Cable Tray Safety Signs:
Cable tray safety signs shall be pressure-sensitive vinyl conforming to 40 CFR 1910.145, 5 inches by 3.5 inches in size, and shall read, “DANGER – HIGH VOLTAGE”
Low-Voltage Safety Signs:
Low voltage safety signs shall be pressure-sensitive vinyl complying with 40 CFR 1910.145, five inches by 3.5 inches in size, and shall read, “DANGER – 480 VOLTS”.
Low-Voltage Markers:
Low voltage markers shall be either pressure-sensitive vinyl or vinyl cloth with black lettering on orange background and shall read, “120 VOLTS”, “208 VOLTS”, “120/208 VOLTS”, or “240 VOLTS” as required.
*********************************************************************************************
NTS: Coordinate sign requirements with section 26 05 73, Electrical Power Distribution System Studies, and edit paragraph “C”, below, when necessary to suit the arc-flash labeling required for the project.
*********************************************************************************************
Arc-flash Safety Signs:
Warning signs shall be adhesive-backed polyester.
Warning signs shall read, “Warning – Arc Flash and Shock Hazard.  Appropriate PPE Required.”  Arc flash warning signs shall indicate the flash protection boundary, incident energy in calories per square centimeter, hazard level, description of required protective clothing, shock hazard, limited approach boundary, restricted approach boundary, prohibited approach boundary, and equipment name.
*********************************************************************************************
NTS: Coordinate paragraph “D”, below, with buried warning tape specified in section 33 05 05, buried piping installation.
*********************************************************************************************
Detectable Underground Warning Tape: 
Construction: Aluminum core encased with polyethylene
Width: Six inches.
Color Finish: Red
Detectable Underground Warning Tape: “CAUTION: BURIED ELECTRICAL LINE BELOW”
Detectable Underground Warning Tape: “CAUTION: BURIED FIBER OPTIC LINE BELOW”
Detectable Underground Warning Tape: “CAUTION: BURIED CATV LINE BELOW”
Detectable Underground Warning Tape: “CAUTION: BURIED TELEPHONE LINE BELOW”
Thermal Printing System:
Utilize thermal transfer printing system to provide non-smearing labels and markers.
POWER RACEWAY IDENTIFICATION MATERIALS
Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway size.
Colors for Raceways Carrying Circuits at 600 V or Less:
Black letter on an Orange field
Legend:  Indicate voltage
Colors for Raceways Carrying Circuits at More Than 600 V:
Black letters on a red field.
Legend:  "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) high letters on 20-inch (500-mm) centers.
Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS
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.
Colors for Raceways Carrying Circuits at 600 V and Less:
Black letters on an orange field
Legend:  Indicate voltage
Colors for Raceways Carrying Circuits at More Than 600 V:
Black letters on a red field.
Legend:  "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) high letters on 20-inch (500-mm) centers.
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.
Self-Adhesive Vinyl Tape:  Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) wide; compounded for outdoor use.
POWER AND CONTROL CABLE IDENTIFICATION MATERIALS
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.
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.
Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
Colors: Text shall be black letters on a white field
CONDUCTOR IDENTIFICATION MATERIALS
Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide.
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.
INSTRUCTION SIGNS
Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs up to 20 sq. inches (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes.
Engraved legend with black letters on white face.
Punched or drilled for mechanical fasteners.
Framed with mitered acrylic molding and arranged for attachment at applicable equipment.
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.
CABLE TIES
General-Purpose Cable Ties:  Fungus inert, self-extinguishing, one piece, self-locking, Type 6/6 nylon.
Minimum Width:  3/16 inch (5 mm).
Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  12,000 psi (82.7 MPa).
Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
Color:  Black.
UV-Stabilized Cable Ties:  Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, Type 6/6 nylon.
Minimum Width:  3/16 inch (5 mm).
Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  12,000 psi (82.7 MPa).
Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
Color:  Black.
Plenum-Rated Cable Ties:  Self extinguishing, UV stabilized, one piece, self locking.
Minimum Width:  3/16 inch (5 mm).
Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  7000 psi (48.2 MPa).
UL 94 Flame Rating:  94V-0.
Temperature Range:  Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).
Color:  Black.
MISCELLANEOUS IDENTIFICATION PRODUCTS
*********************************************************************************************
NTS: Add applicable paint requirements, if Division 09 is not included.
*********************************************************************************************
Paint:  Comply with requirements in Division 09 painting Sections for paint materials and application requirements.  Select paint system applicable for surface material and location (exterior or interior).
Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.
FABRICATION
Engraved Identification Devices (Nameplates and Legend Plates):
Nameplate and legend plate text is preliminary and subject to change pending final review and approval of nomenclature by Engineer after start-up and testing.
*********************************************************************************************
NTS: Edit “PART 3” to suit the project.  Delete inapplicable items.
*********************************************************************************************
EXECUTION
INSTALLATION
Provide electrical identification in accordance with manufacturer recommendations and as required for proper identification of equipment and materials.
Location:  Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
Apply identification devices to surfaces that require finish after completing finish work.
*********************************************************************************************
NTS: Add applicable paint requirements, if Division 09 is not included.
*********************************************************************************************
Painted Identification:  Comply with requirements in Division 09 painting Sections for surface preparation and paint application.
Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band shall completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, side by side.  Locate bands at changes in direction, at penetrations of walls and floors, at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in congested areas.
Aluminum Wraparound Marker Labels and Metal Tags:  Secure tight to surface of conductor or cable at a location with high visibility and accessibility.
Cable Ties:  For attaching tags.  Use general-purpose type, except as listed below:
Outdoors:  UV-stabilized nylon.
In Spaces Handling Environmental Air:  Plenum rated.
Twist off excess length.  Ensure ends are smooth and round.
Underground-Line Warning Tape:  During backfilling of trenches install continuous underground-line warning tape per drawing detail. If no detail exists install directly above line at 6 to 8 inches (150 to 200 mm) below finished grade.  Use multiple tapes where width of multiple lines installed in a common trench [or concrete envelope] exceeds 16 inches (400 mm) overall.
*********************************************************************************************
NTS: Add applicable paint requirements, if Division 09 is not included.
*********************************************************************************************
Painted Identification:  Comply with requirements in Division 09 painting Sections for surface preparation and paint application
Engraved Identification Devices (Nameplates and Legend Plates):
*********************************************************************************************
NTS: Add applicable equipment to be labeled and remove equipment that is not applicable.
*********************************************************************************************
Equipment to Be Labeled:
Panelboards:  Typewritten directory of circuits in the location provided by panelboard manufacturer.  Panelboard identification shall be self-adhesive, engraved or engraved, laminated acrylic or melamine label.
Enclosures and electrical cabinets.
Access doors and panels for concealed electrical items.
Switchgear.
Switchboards.
Transformers:  Label that includes tag designation shown on Drawings for the transformer, feeder, and panelboards or equipment supplied by the secondary.
Substations.
Emergency system boxes and enclosures.
Motor-control centers.
Enclosed switches.
Enclosed circuit breakers.
Enclosed controllers.
Variable-speed controllers.
Push-button stations.
Power transfer equipment.
Contactors.
Remote-controlled switches, dimmer modules, and control devices.
Battery-inverter units.
Battery racks.
Power-generating units.
Monitoring and control equipment.
UPS equipment.
Unless otherwise indicated in the Contract Documents, attach permanent nameplates with permanent adhesive and with 3/16-inch diameter, round head, stainless-steel machine screws into drilled and tapped holes.
Provide nameplate with 1.5-inch high letters to identify each console, cabinet, control station, panel, or enclosure as shown or indicated.
Provide nameplates for field-mounted motor starters, disconnect switches, manual starter switches, pushbutton stations, and similar equipment operating components, which shall describe motor or equipment function and circuit number.
Provide nameplates with 1/2-inch high letters to identify each junction and terminal box shown or indicated.
On control panel enclosures, provide nameplates for each main and feeder circuit including control fuses, and for each indicating light and instrument.
Provide nameplate with 1.5-inch high letters giving switchgear designation, voltage rating, ampere rating, short circuit rating, manufacturer’s name, general order number, and item number.
Identify individual door for each compartment with nameplate giving item designation and circuit number.
*********************************************************************************************
NTS: Engineer shall incorporate identification format on Contract Drawings.
*********************************************************************************************
Electrical Distribution Panel Identification
Panel designator shall consist of the following designator and format: Four digit Building number followed by a colon followed by a one digit floor number, followed by Voltage Designation (H/L) and one digit panel number.
Voltage Designation shall be “H” for 277/480 V and “L” for 120/208 V.
Format: BBBB:FVP
Example: 1000:1H1   
Building Number:1000
Floor Number:1
Voltage: 480 V
Panel Number:1 
Switchgear:
Provide nameplate with 1.5-inch letters with switchgear designation.
Provide nameplates for each main and feeder circuit.
Identify individual door for each unit compartment with nameplate identifying controlled equipment.
Motor Control Centers:
Provide nameplate with 1.5-inch letters with motor control center designation.
Identify individual door for each unit compartment with nameplate identifying controlled equipment.
Except conduit, all electrical appurtenances including lighting panels, convenience outlets, fixtures, and lighting switches, shall be provided with nameplates indicating appropriate circuit breaker number(s).
Push Buttons:
Provide legend plates for identification of functions.
Provide nameplates for identification of controlled equipment.
Name plates shall use the control panel reference designator and shall comply with NFPA 79.
Pilot Lights:
Provide legend plates for identification of functions.
Provide nameplates for identification of controlled equipment.
Name plates shall use the control panel reference designator and shall comply with NFPA 79.
Selector Switches:
Provide legend plates for identification of functions.
Provide nameplates for identification of controlled equipment.
Name plates shall use the control panel reference designator and shall comply with NFPA 79.
Panel Mounted Instruments:
Provide nameplates for identification of function.
Name plates shall use the control panel reference designator and shall comply with NFPA 79.
Interiors of Cabinets, Consoles, Panels, Terminal Boxes, and Other Enclosures:
Provide nameplates for identification.
Name plates shall use the control panel reference designator and shall comply with NFPA 79.
Provide each item inside cabinet, console, panel, terminal box, or enclosure with laminated plastic nameplate as shown on approved Shop Drawings and Contractor’s other submittals.  Install nameplates with adhesive.
Interior items require nameplates and shall use the reference designators as indicated on the bill of materials and electrical schematics. Items include, but not limited to:
Terminal blocks and strips.
Bus bars.
Relays.
Rear of face-mounted items.
Rear of door-mounted items.
Interior mounted items that require identification when mounted externally.
PLC
UPS
Radio
Surge Protective Devices
Circuit Breaker Directory:
Provide engraved laminated plastic directory listing function and load controlled for each circuit breaker within panel used for power distribution.
Re-label existing equipment whose designation have changed.
Safety Signs and Voltage Markers:
Provide safety signs and voltage markers on and around electrical equipment as shown or indicated.
Install rigid safety signs using stainless-steel fasteners.
Clean surfaces before applying pressure-sensitive signs and markers.
Install high voltage safety signs on all equipment doors providing access to uninsulated conductors, including terminal devices, greater than 600 volts.
Provide cable tray safety signs on both sides of cable trays at maximum intervals of 20 feet.  Install signs on side rails of tray as acceptable to Engineer.
Label cable trays that contain conductors greater than 600 volts with cable tray safety signs.
Cable trays that contain conductors greater than 208 volts and less than 600 volts shall be labeled with low voltage safety signs.
Cable trays that contain conductors of 120/208 volts shall be labeled with low voltage markers.
Label cable trays that contain intrinsically safe wiring or cables in accordance with NEC Article 504.
Install low voltage safety signs on equipment doors that provide access to uninsulated 480-volt conductors, including terminal devices.
Install low voltage markers on each terminal box, safety disconnect switch, and panelboard installed, modified, or relocated as part of the Work and containing 120/208 volt conductors.
*********************************************************************************************
NTS: Regarding paragraph “N”, below, refer to NEC 2005 210.5(c) [branch] and NEC 215.12(c) [feeders]
*********************************************************************************************
Voltage System Identification Directories
Provide voltage system identification directories as required by NEC Article 210 and NEC Article 215.
Provide in each electrical room voltage system identification directory mounted on wall or door at each entrance to room.
For panelboards, switchboards, motor control centers, and other branch circuit or feeder distribution equipment that are not located in electrical rooms, provide voltage system identification directory mounted on equipment.
Directories shall be affixed using epoxy glue.  Screws or bolts shall not penetrate equipment enclosures.
Directories shall be readily visible and not obscure labels and other markings on equipment.
Arc-flash Safety Signs:
Provide arc-flash safety signs as required by NFPA 70..
Provide signs for switchboards, panelboards, motor control centers, and industrial control panels.  Provide signs for control panels that contain 480 volt equipment. Provide arc flash warning signs on other equipment where the incident energy is greater than 1.2 calories per square centimeter. 
Conduit Labels:
Provide conduits with conduit labels unless otherwise shown or indicated.
Do not label flexible conduit.
Do not label exposed single conduit runs of less than 25 feet between local disconnect switches and their associated equipment.
*********************************************************************************************
NTS: Edit label requirements below when necessary to suit the labeling required for the project.
*********************************************************************************************
Conduit labels shall indicate the following information:
Voltage
Conduits that contain intrinsically safe wiring shall have an additional conduit marker provided that has blue letters on white background and reads, “INTRINSICALLY SAFE WIRING”.
Install intrinsically safe pipe markers in accordance with NEC Article 504 along entire installation.  Spacing between labels shall not exceed 25 feet.
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:
Color-coding of insulated conductors shall comply with Section 26 05 19 Low Voltage Electrical Power Conductors and Cables, and also comply with Section 26 05 13 Medium Voltage Cable
Text shall be left to right on horizontal conduits and down to up on vertical conduits.
Use wrap-around labels where wire or cable is to be labeled but is not terminated. Wire and cable shall be uniquely individually labeled. (i.e. Spare 1, Spare 2,….)
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.
*********************************************************************************************
NTS: Engineer 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.
Wire and cable extending between two devices or items and that does not undergo a change of function, shall be identified by a single unique designator as specified below.
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). Format: PPPPC-NNNLLL
Example: 10001-115010
0. PLC Number: 1000
Cabinet Number: 1
Page Number: 115
Line Number: 010
For wiring that connects between two PLC’s both input and output label designators shall be used.
Branch Circuit Wiring
Label shall consist of panel designator and circuit number.
Modified Cabinets, Consoles, Panels, and Enclosures:  
*********************************************************************************************
NTS: Where existing equipment naming differs from format listed above Engineer 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.
Terminal Strip Labeling:
Label panel side of terminal to match panel wire number.
Label field side of terminal to match field wire number.  
Generator System Warning Signs:
Provide warning signs for generator systems as required by NEC.
Install generator location warning sign on or immediately adjacent to service equipment, or to “normal” source disconnecting means when generator is located out of sight of service equipment or disconnecting means.
Install generator grounding warning sign on enclosure or immediately adjacent to point where generator neutral is connected to grounding electrode system if connection is made remote from generator.
+ + END OF SECTION + +
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ELECTRICAL POWER DISTRIBUTION SYSTEM STUDIES
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*********************************************************************************************
NTS: Use this section for specifying electrical power distribution system studies, including overcurrent protective device coordination study, to be performed by the Contractor.
*********************************************************************************************
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, professional services, and incidentals required to perform electrical power distribution system studies.
*********************************************************************************************
NTS: When the project has multiple prime contracts and one or more prime contractors other than the electrical contractor will furnish equipment with motors, variable frequency drives, and similar items, insert at (--1--) “,equipment provided by other contractors on the project,”. 
*********************************************************************************************
Motor starting and transformer information used in electrical power distribution system studies shall be based on equipment provided by Contractor (--1--) and, where applicable, existing equipment ratings and settings.
Electrical power distribution system studies shall include the following, as specified in this Section:
Short-circuit study.
Protective device evaluation study.
Protective device coordination study.
*********************************************************************************************
NTS: Retain paragraph “c”, below, when arc flash analysis is required; otherwise, delete. Coordinate the need and extent of arc flash analysis requirements with the Owner and verify Owner’s training program. 
*********************************************************************************************
Arc flash analysis.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification. Do not list administrative and procedural division 01 sections. Retain paragraph “1”, below, when arc flash analysis is required; otherwise, delete.
*********************************************************************************************
Section 26 05 53, Identification for Electrical Systems.
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required. Delete IEEE 1584 and NFPA 70E when arc flash analysis is not required. 
*********************************************************************************************
Standards referenced in this Section are:
ANSI/IEEE C37.91, Guide for Protective Relay Applications to Power Transformers
ANSI/NCSL Z540.3 Requirements for the Calibration of Measuring and Test Equipment.
IEEE 141, Recommended Practice for Electric Power Distribution in Industrial Plants (IEEE Red Book).
IEEE 242, Recommended Practice for Protection and Coord. of Industrial and Commercial Power Systems (IEEE Buff Book).
IEEE 399, Analysis (IEEE Brown Book), Recommended Practice for Power System Analysis.
IEEE 1584, Guide for Performing Arc-Flash Hazard Calculations.
NFPA 70E, Electrical Safety in the Workplace.
QUALITY ASSURANCE
*********************************************************************************************
NTS: Edit paragraph “a”, below, to suit the project. Delete reference to existing systems and field services when existing systems are not involved, or such services are not required. 
*********************************************************************************************
Qualifications:
Professional Engineer:
Engage a registered professional Engineer legally qualified to practice in the jurisdiction where the Project is located and experienced in providing Engineering services of the kind indicated. Professional Engineer may be employed by independent consulting firm or manufacturer of power distribution equipment.
Professional Engineer shall have not less than five years of experience performing electrical power distribution system studies similar in scope and size to the studies required for the Project.
Submit qualifications data.
Responsibilities include but are not necessarily limited to:
Performing or supervising the performance of electrical power distribution system studies and related field services.
Preparing or supervising the preparation of test plans and test reports, and interpretation and Engineering analysis of test data. Test reports shall bear the seal and signature of the professional Engineer. State of licensure, license number, and professional Engineer’s name shall be clearly legible on the seal.
Certifying that tests performed and results achieved conform to the Contract Documents.
Field Engineer: 
Field Engineer performing protective device testing shall be experienced in type of testing required and testing equipment used on the Project.
Field Engineer may be an employee of the protective device equipment manufacturer.
Test equipment and instrument calibration shall comply with accuracy standards of NIST and ANSI/NCSL Z540.3.
ELECTRICAL POWER DISTRIBUTION SYSTEM STUDIES
General:
Perform a current and complete short-circuit study, protective device evaluation study, and protective device coordination study for the Site’s electrical distribution system. Perform studies in accordance with IEEE 141, IEEE 242, and IEEE 399.
Studies shall include all portions of medium-, and low-voltage electrical power distribution systems, from the normal and alternate sources of power through low-voltage distribution system. Thoroughly cover in the study normal system operating method, alternate operation, and operations that could result in maximum fault conditions.
*********************************************************************************************
NTS: Delete or edit paragraph “3”, below, when existing systems or generator supplies are not involved or when the scope of the study is limited. 
*********************************************************************************************
Perform a complete study to evaluate both new and existing devices, and include recommendations on required adjustments. Studies shall include both the normal utility supply and standby generator systems.
Promptly bring to attention of Engineer and Owner problem areas and inadequacies in equipment.
*********************************************************************************************
NTS: Retain paragraph “5”, below, for complex systems where design parameters may be subject to change, or when project schedule needs require. Otherwise, delete. 
*********************************************************************************************
Perform both preliminary and final short-circuit and coordination studies. Preliminary study shall verify adequacy of equipment’s short-circuit ratings and establish preliminary settings required prior for energizing equipment. Perform final short-circuit and coordination study and arc flash analysis after Engineer’s acceptance of preliminary study, but not later than the date when equipment installed under the Project is placed into service. Study data shall include the following:
*********************************************************************************************
NTS: Insert at (--1--) the percent additional, when necessary, used as the basis of design; otherwise, delete. 
*********************************************************************************************
Preliminary Short-circuit and Coordination Study: Base the evaluation on the worst-case operating mode. Include the utility-confirmed contribution plus an additional (--1--) percent. Base the evaluation on estimated cable lengths, and proposed equipment and protective devices.
Final Short-circuit and Coordination Study: Base the evaluation on utility-confirmed contribution. Evaluate the distribution system under each of the various operating modes. Base the evaluation on actual confirmed cable lengths, and installed equipment and protective devices.
Short-circuit Study:
Perform short-circuit evaluation using computer software specifically designed for such use.
Input data shall include electric utility company’s short-circuit, single-, and three-phase contributions, with reactance/resistance (X/R) ratio, resistance and reactance components of each branch impedance, motor and generator contributions, base quantities selected, and other applicable circuit parameters.
Calculate short-circuit momentary duties and interrupting duties on the basis of maximum available fault current at each switchgear bus, switchboard, motor control center, distribution panelboard, pertinent branch circuit panelboards, and other significant locations through the system.
Short-circuit tabulations shall include symmetrical fault currents and X/R ratios. For each fault location, total duty on the bus and individual contribution from each connected branch, including motor back electro-motive force (EMF) current contributions, shall be listed with its associated X/R ratio.
Protective Device Evaluation Study:
Determine adequacy of circuit breakers, controllers, surge arresters, busways, switches, and fuses by tabulating and comparing short-circuit ratings of these devices with the available fault currents.
Apply appropriate multiplying factors based upon system X/R ratios and protective device rating standards.
Protective Device Coordination Study:
Perform study to select or to check selections of power fuse ratings, protective relay characteristics and settings, ratios and characteristics of associated voltage and current transformers, and low-voltage breaker trip characteristics and setting.
Overcurrent device settings estimated in the protective device coordination study shall provide complete, 100 percent selectivity. Selectively coordinate system such that only the device nearest a fault will operate to remove the faulted circuit. System selectively shall be based on both the magnitude and duration of a fault current.
Study shall include all voltage classes of equipment starting at electric utility’s incoming line protective device, down to and including medium- and low-voltage equipment. Phase and ground overcurrent and phase and ground fault protection shall be included, and settings for other adjustable protective devices.
Plot time-current characteristics of installed protective devices on appropriate log-log paper. Maintain reasonable coordination intervals and separation of characteristic curves. Provide coordination plots for phase and ground protective devices for complete system. Use sufficient curves to clearly indicate selective coordination achieved through electric utility’s main breaker, power distribution feeder breakers, and overcurrent devices at each major load center.
Show maximum of eight protective devices per plot. Appropriately title each plot and include the following information as required for the circuits shown:
Representative one-line diagram, legends, and types of protective devices selected.
Power company’s relays or fuse characteristics.
Significant motor starting characteristics.
Parameters of transformers, magnetizing inrush and withstand curves in accordance with ANSI C37.91.
Operating bands of low-voltage circuit breaker trip curves, and fuse curves.
Relay taps, time dial and instantaneous trip settings.
Cable damage curves.
Symmetrical and asymmetrical fault currents.
Provide selection and settings of protective devices separately in tabular format listing circuit identification, IEEE device number, current transformer ratios, manufacturer, type, range of adjustment, and recommended settings. Provide a tabulation of recommended power fuse selection for all fuses in system.
*********************************************************************************************
NTS: Retain paragraph “e”, below, when arc-flash analysis is required; otherwise, delete. 
*********************************************************************************************
Arc-Flash Analysis:
Conduct arc flash analysis after acceptance by Engineer of short-circuit study and coordination study. Perform arc flash analysis for each operating mode of the system, in accordance with IEEE 1584 and NFPA 70E.
Document the protection and calculation procedures and coordination review in testing report. Present analysis results in tabular format showing the following: 
Bus and protection device name.
Bolted and arcing fault values.
Protective device trip times.
Arc flash boundary, working distance, and incident energy.
Required protective flame-resistant (FR) clothing class.
SUBMITTALS
Action Submittals
[bookmark: _Hlk17900421]Product Data (NOT USED)
Shop Drawings (NOT USED)
[bookmark: _Hlk6323768]Samples (NOT USED) 
Delegated Design Submittal (NOT USED)
Studies:
Calculations and results of the short-circuit study, protective device evaluation, and coordination studies in report format. Report shall be sealed and signed by the professional Engineer retained for the studies. Submit preliminary reports (when specified) and final reports.
Time current curves for protective devices included within the power system studies.
*********************************************************************************************
NTS: Retain paragraph “c”, below, when arc-flash analysis is required; otherwise, delete. 
*********************************************************************************************
Calculations and results of arc-flash analysis in report format sealed and signed by professional Engineer retained for the studies. Submit preliminary reports (when specified) and final reports.
Testing Plan: Submit work plan for field testing. Submit and obtain Engineer’s approval prior to performing tests. Plan shall indicate schedule of field testing, time frames for tests, and duration of equipment outage for testing. Submit shutdown requests for each outage in accordance with Section 01 14 16, Coordination with Owner’s Operations.
*********************************************************************************************
NTS: Delete paragraph “7”, below, when the field survey (data gathering) is not required. Coordinate with article “3.3” of this section. 
*********************************************************************************************
Field Survey Plan: Submit work plan for field survey and data gathering prior to beginning work. Plan shall indicate the schedule of work, time frames for data collection, and duration that equipment will be temporarily out of service. Submit shutdown requests for each outage in compliance with Section 01 14 16, Coordination with Owner’s Operations.
Informational Submittals
Certificates (NOT USED) 
Test and Evaluation Reports
Results of field testing
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals (NOT USED)
Qualifications Statements
Professional Engineer.
Field Engineer, when required by Engineer.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Schedule of Values (NOT USED)
Closeout Submittals 
[bookmark: _Hlk6312820][bookmark: _Hlk6311857][bookmark: _Hlk6317263]Operation and Maintenance Data (NOT USED)
[bookmark: _Hlk6320793][bookmark: _Hlk6312478]Record Documentation 
Final settings of protective devices. Submit compilation of final settings for each equipment lineup within 10 days of programming the associated protective devices.
Electronic Files:
Protective Devices:
Settings for all microprocessor-based protective devices.
Software versions used to program the protective devices.
Electrical Power Distribution System Studies:
Upon Engineer's approval or acceptance, as applicable, of submittals required under this Section, submit for Owner’s use all electronic files developed for the Work under this Section associated with the approved or accepted, as applicable, submittal to Engineer.  
Electronic files submitted for Owner’s use shall become Owner’s property.
Source files for power studies performed under this section.
[bookmark: _Hlk6312836][bookmark: _Hlk6314834][bookmark: _Hlk6319041]Training Material (NOT USED)
[bookmark: _Hlk6316855]Warranty Documentation (NOT USED)
[bookmark: _Hlk6321074]Software (NOT USED)
[bookmark: _Hlk6312846]Bonds (NOT USED)
[bookmark: _Hlk6311873]Maintenance Contracts (NOT USED)
[bookmark: _Hlk6314860]Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals (NOT USED)
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)

*********************************************************************************************
NTS: Edit article “1.6”, below, to suit the project and to identify the extent of the system to be evaluated. 
*********************************************************************************************
STUDY REPORT
Summarize results of electrical power distribution system studies in a typed or computer-printed report that includes the following:
Description, purpose, basis, written scope, and single-line diagram of power distribution systems evaluated.
Tabulations of circuit breaker, fuses, and other equipment ratings versus calculated short-circuit duties. Evaluation of short-circuit calculations and identification of underrated equipment.
Protective device time versus current coordination curves, tabulations of relay and circuit breaker trip settings, and fuse selection. Include an evaluation and discussion of logical compromises for proposed protection.
Fault current tabulation including definition of terms and guide for interpretation.
Tabulation of appropriate tap settings for relay seal-in units.
Tabulation of equipment survey information.
*********************************************************************************************
NTS: Retain paragraph “b”, below, when arc-flash analysis is required; otherwise, delete. 
*********************************************************************************************
Electrical power distribution system studies report shall include a separate section addressing arc flash analysis. In addition to protection and calculation procedures, and coordination review and analysis results, report shall include protective device evaluation for each high-incident energy case to determine if adjustments can improve system performance relative to arc flash hazard level.
PRODUCTS (NOT USED)
EXECUTION
PREPARATION
General:
Coordinate with professional Engineer performing the studies and assist professional Engineer with collecting information necessary to complete the specified studies.
Prior to performing studies, obtain information pertaining to existing system necessary for performing studies.
*********************************************************************************************
NTS: Edit article “3.3”, below, to suit the project. Delete article “3.3”, below, when the survey is not required.
*********************************************************************************************
FIELD SERVICES
Contractor’s professional Engineer shall conduct an equipment survey and data gathering of existing devices and information necessary to perform electrical power distribution system studies.
To the extent applicable, perform survey that includes the following information:
Manufacturer, type, and size of each power fuse.
Manufacturer, type, model, and settings for each protective relay, trip unit, and circuit breaker.
Current transformer ratios for each protective relay.
Appropriate data for motors and transformers included with the study.
*********************************************************************************************
NTS: Retain paragraph “c”, below, when programmable relays are specified. 
*********************************************************************************************
Contractor’s professional Engineer shall confirm and establish proper settings for protective devices. Professional Engineer shall collect data and coordinate with equipment Suppliers to establish proper settings for the devices provided. Document in the study all devices and settings.
*********************************************************************************************
NTS: Edit article “3.4”, below, to suit the project and devices required.
*********************************************************************************************
FIELD TESTING
Site Tests:
Provide protective device field testing in accordance with manufacturers’ recommendations. Field testing shall be by Contractor’s field Engineer, after submittal of and Engineer’s acceptance of electrical power distribution system studies. Field testing results shall be documented in a report that shall include final settings of protective devices.
Field Engineer shall provide necessary tools and equipment and adjust, set, calibrate, and test protective devices. Protective relays and meters in medium- and low-voltage equipment shall be set, adjusted, calibrated, and tested in accordance with manufacturers’ recommendations and the coordination study. Provide minor adjustments, repairs, and lubrication necessary for proper operation.
*********************************************************************************************
NTS: Paragraph “3”, below, addresses acceptance testing for electro-mechanical protective relays provided under the contract. When existing electro-mechanical devices are also included, edit as required for testing that would normally be required. 
*********************************************************************************************
Electromechanical protective relays provided in accordance with the Contract Documents shall be set and tested for acceptance. Testing shall include visual and mechanical inspection. Testing shall include overcurrent time and pick-up tests.
Solid state and multi-function trip devices shall be set, including required programming necessary for the protection required. Devices shall be checked, configured, and tested for setting and proper operation.
MAINTENANCE OF OPERATIONS
*********************************************************************************************
NTS: Coordinate paragraph “a”, below, with section 01 14 16, coordination with Owner’s operations. 
*********************************************************************************************
Field testing may require that certain equipment be temporarily taken out of service. Contractor shall perform the Work with due regard to the need of Owner for continuance of operations and in accordance with sequencing required in the Contract Documents, and in accordance with Section 01 14 16, Coordination with Owner’s Operations. Submit testing procedures and schedules and obtain acceptance by Engineer prior to starting testing and related Work.
*********************************************************************************************
NTS: Retain article “3.6”, below, when arc-flash analysis is required. Edit as required; otherwise, delete. 
*********************************************************************************************
INSTALLATION
Provide personnel protective equipment labels in accordance with Section 26 05 53, Identification for Electrical Systems.
*********************************************************************************************
NTS: Coordinate paragraph “1”, below, with section 01 79 23, instruction of operations and maintenance personnel. 
*********************************************************************************************
Supplier Services: Provide training for Owner’s operation and maintenance personnel in personnel protection equipment. Provide at least eight hours of training, in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
+ + END OF SECTION + +
26 09 13
ELECTRICAL POWER MONITORING
v. 5.20
1. GENERAL
DESCRIPTION
Scope: 
Contractor shall provide all labor, materials, equipment, services, and incidentals as shown, specified, and required to furnish and install electrical power monitoring systems.
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Related Documents
Section 26 24 13, Switchboards
Section 26 24 19, Motor Control Centers
Section 26 29 13 Motor Controllers
Section 26 29 23, Low-Voltage Variable Frequency Drives
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
Standards referenced in this Section are:
ANSI C12.20 -2010 Class 1 Clause 5.5.4 - American National Standard for Electricity Meters – accuracy and performance
EN 62053-21 -2003 Class 1 Accuracy - Electricity metering equipment (AC) – Static meters for active energy
2006/95/EC: Low Voltage Directive
2004/108/EC: Electromagnetic Compatibility (EMC) Directive
EN 61010-1:2001:Safety requirements for electrical equipment for measurement, control and laboratory use – Part 1: General requirements
EN 61326-1:2006 - Electrical equipment for measurement, control and laboratory use – EMC requirements
EN 61000-6-4:2001 - Electromagnetic compatibility (EMC) – Part 6-4: Generic standards – Emission standard for industrial environments
EN 61000-6-2:2001 - Electromagnetic compatibility (EMC) – Part 6-2: Generic standards – Immunity for industrial environments
QUALITY ASSURANCE
Provide energy or power quality monitor system components by a single manufacturer:
Only energy or power quality monitor manufacturers-approved hardware, including cables, mounting hardware, connectors, enclosures, racks, communication cables, splitters, terminators, taps and removable media, may be used.
All energy or power quality monitor system components shall be new, free from defects and produced by manufacturers regularly engaged in the manufacture of these products.
The energy monitor shall adhere to the following certifications and approvals:
UL 508 Listed, File E96956, for Industrial Control Equipment and CUL Certified.
CE marked, tested to meet:
Council Directive 89/336/EEC Electromagnetic Compatibility and the following standards:
EN55011 – Radiated Electromagnetic Emissions
EN55011 – Conducted Emissions
ENV50204 – RF 900MHz Keyed Carrier
EN61000 – Immunity
Council Directive 73/23/EEC Low Voltage
IP10 degree of protection per IEC 529 / NEMA/UL 508 – open device, must be installed in an enclosure
ANSI/IEEE Tested, Surge Withstand Capability (SWC) C37.90.1 – 2002 for protective relays and relay systems.
The power quality meter shall adhere to the following certifications, approvals and standards:
cULus Certified.
Meets UL61010-1, CSA C22.2 No. 61010-1
UL 61010 Listed, File E345550, for Measuring, Testing and Signal-Generation Equipment.
CE Compliant, tested to meet:
Council Directive 2004/108/EC Electromagnetic Compatibility
Council Directive 2006/95/EC Low Voltage
IP10 degree of protection per IEC 60529 / NEMA/UL 61010
IEEE 519 - Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems
IEEE 1159 - Recommended Practice for Monitoring Electric Power Quality
IEC 61000-4-30 - Testing and measurement techniques – Power quality measurement methods
ANSI C12.20 -2010 Class 0.2 Clause 5.5.4 - American National Standard for Electricity Meters – accuracy and performance
EN 62053-22 -2003 Class 0.2 Accuracy - Electricity metering equipment (AC) – Static meters for active energy
EN 61010-1:2001 - Safety requirements for electrical equipment for measurement, control and laboratory use – Part 1: General requirements
EN 61326-1:2006  - Electrical equipment for measurement, control and laboratory use – EMC requirements – Part 1: General requirements
EN 61000-6-4:2007 - Electromagnetic compatibility (EMC) – Part 6-4: Generic standards – Emission standard for industrial environments (Class A)
EN 61000-6-2:2005 - Electromagnetic compatibility (EMC) – Part 6-2: Generic standards – Immunity for industrial environments
AS/NZS CISPR 11:2002, Group 1, Class A - Limits and Methods of Measurement of electronic disturbance characteristic of industrial, scientific and medical (ISM) radio frequency equipment
The power quality meter’s control relay outputs shall be ANSI/IEEE tested to meet or exceed C37.90 Trip Duty: 2005 for protective relays and relay systems on all power-connection circuit terminations.
The optional display module shall be designed to meet the following agency approvals.
c-UL-us listed, Hazardous Locations Class I, Division II, Groups A,B,C,D certified 
CE marked for all applicable directives
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Electrical Power Monitoring - Product Data
Manufacturer’s literature and technical information indicating compliance with the Contract Documents 
Shop Drawings (NOT USED)
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates (NOT USED)
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions 
Electrical Power Monitoring - Installation Instructions
Submit a copy of the manufacturer’s installation instructions, including receiving, handling and storage instructions.
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
Electrical Power Monitoring – Operation and Maintenance Data
Energy or power quality monitor installation instructions and User Manual.
Parameter listing.
IP address and network diagram.
Copy of latest firmware/software on a flash drive installed with each energy or power quality monitor. 
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation
Electrical Power Monitoring – Manufacturers’ Warranty
Written copy of warranty from manufacturer complying with this document.
Software
Electrical Power Monitoring – Software
Updated to latest available software version at substantial completion.
Copy of latest firmware/software on a flash drive. 
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following:
Spare Parts:
Electrical Power Monitoring Spare Parts
One spare set of fuses for each type used for the installation.
One spare shorting block for each type used for the installation.
Extra Stock Materials (NOT USED)
Tools (NOT USED)
WARRANTY
The manufacturer shall provide their standard parts warranty for eighteen (18) months from the date of shipment or twelve (12) months from the date of substantial completion, whichever occurs first.
DELIVERY, STORAGE AND HANDLING
Energy or power quality monitor components shall be delivered in packaging designed to prevent damage from static electricity and physical damage.
Equipment shall be stored according to manufacturer requirements and in a clean and dry space at an ambient temperature range of -40 to 85°C (-40° to 185°F).
Components shall be protected from exposure to dirt, water, fumes, corrosive substances and physical damage.
PRODUCTS
MANUFACTURERS
Allen-Bradley:
For Motors 20 HP and above:
PowerMonitor 1000ä Energy Monitor 
For Switchboards and Motor Control Centers:
PowerMonitor 5000™ M6 Power Quality Monitor  
ENERGY MONITOR
General:
The energy monitor shall
Connect to a three-phase or single-phase AC power system.
Convert instantaneous voltage and current values to digital values and use the digital values to calculate parameters.
Produce logs of metering, status and event data.
Communicate data to compatible applications and its integrated LCD display.
The energy monitor shall have DIN-rail mounting clips and panel mounting capability for mounting in a suitable enclosure.
The enclosure shall protect:
The energy monitor from atmospheric contaminants.
The user against personal contact with energized circuits.
The energy monitor shall be designed to operate in:
An industrial environment with an ambient temperature of -10° to 60°C (14° to 140°F), and with a relative humidity range of 5% to 95%, non-condensing.
A free airflow environment (convection cooling only, no fans or other air moving devices shall be required).
The energy monitor shall operate with control power electrical service (4 VA max.) of:
85 - 264 VAC, 47 - 63 Hz (38 VA)
125 - 250 VDC
The energy monitor shall include adequate memory to store all necessary data.
Readily accessible on the energy monitor shall be several hardware features, including:
Standard RJ45 Ethernet jack with LNK and ACT indicators.
Serial port with 3-pin RS-485 connector.
Serial port status indicators.
LCD display and interface buttons.
Module and network status indicators.
Status input and KYZ output wiring terminals.
Voltage sensing and current sensing wiring terminals.
Control power and ground wiring terminals. 
The energy monitor shall have wiring terminals to apply a configuration lock.
Voltage and Current Sensing
The energy monitor shall connect to a 3-phase or single-phase AC power system directly or through instrument transformers. 
The voltage sensing connections shall be selected to match the configuration of the monitored circuit, including:
3-phase, 4-wire Wye, direct connect (up to 600V L-L, 347V L-N)
3-phase, 3-wire grounded Wye, direct connect (up to 600V L-L, 347V L-N)
3-phase, 4-wire Wye, with potential transformers
3-phase, 3-wire grounded Wye, with potential transformers
3-phase, 3-wire Open Delta, with 2 potential transformers
Single-phase, direct connect (up to 600V L-L, 347V L-N)
Single-phase, with potential transformers
3-phase, 3-wire Delta, direct connect (up to 600V L-L, 347V L-G)
3-phase, 4-wire grounded B-phase Open Delta, direct connect (up to 347V L-G)
The current sensing connections shall be selected to match the configuration of the monitored circuit, including:
3-phase, 3- or 4-wire, 3-current transformers
3-phase, 3-wire, 2-current transformers
Single-phase, 2-current transformers
Special wiring modes shall be selected for use in capacitor bank controllers:
1PT, 1CT Line-to-Line
1PT, 1CT Line-to-Neutral
Voltage sense inputs (V1, V2, V3) shall be rated:
Accuracy in percent of reading at 25°C: ±0.5%, nominal ranges:
Line-Neutral RMS 347V / 15 - 399V
Line-Line RMS 600V / 26 – 691V
Input impedance: 5 MΩ minimum.
Input current: 2 mA maximum.
Dielectric withstand: 2500V.
Current sense inputs (I1, I2, I3) shall be rated:
Accuracy in percent of reading at 25°C: ±0.5%, nominal range 5 A RMS.
Overload withstand: 15 A continuous, 200 A for 1/2 sec.
Burden: 0.05 VA.
Impedance: 0.002 ohms.
Maximum crest factor at 5 A: 3.0.
Starting current: 5 mA.
Dielectric withstand: 2500V.
Status Inputs
On energy-measuring models, the energy monitor’s status inputs shall be able to connect to up to 2 non-powered contacts for data collection. The status inputs are contact closure (internal 24 VDC).
The input’s dielectric withstand rating is 2500V.
Functions
The energy monitor shall be one of three model types:
Transducer models that measure voltage, current and power (optional).
Energy-measuring models that measure consumption values, such as real, reactive and apparent energy.
Energy-measuring models that measure voltage, current and power, along with consumption values.
Measured parameters shall include:
	Voltage
	kVARh

	Current
	kVah

	Frequency
	Real power demand, kW

	Voltage imbalance
	Reactive power demand, kVAR

	Current imbalance
	Apparent power demand, kVA

	Real power, kW
	Projected kW demand

	Reactive power, kVAR
	Projected kVAR demand

	Apparent power, kVA
	Projected kVA demand

	True power factor
	Demand power factor

	Real energy, kWh
	


Logging functions shall include:
	Energy log
	Time of use logs

	Min/max log
	Status log

	Load factor log
	


Other functions shall include:
	Date and time
	Network time synchronization

	Wiring diagnostics
	Metering result averaging


Coordinate with programmer on parameters to be gathered in PLC or control system.
Relay Outputs
A KYZ solid-state relay output shall be available for low current (80 mA maximum) switching at up to 240 VAC or 300 VDC. The output shall be available for:
Forced operation.
Energy pulse on energy-measuring models.
The output’s dielectric withstand rating is 2500V.
Communication
Using communications networks, the operator shall be able to:
Configure analog input parameters.
Configure communication parameters.
Read real-time power and energy data.
Read energy logs.
The energy monitor shall have:
Ethernet network communications port, which supports 10 or 100 Mbps data rate, half-duplex or full-duplex, and has access to the energy monitor’s internal webpage.
The energy shall be equipped with an EtherNet/IP port, bearing the EtherNet/IP Conformance Testing mark.
The connection protocol shall be EtherNet/IP.
Configuration
The energy monitor shall have 3 methods of configuration:
Using the LCD display.
Using an Internet browser.
Using optional software or communication.
The energy monitor’s 5 setup menus shall be:
Analog input
Advanced
RS-485 communications
Ethernet network communications
Date and time
The energy monitor shall perform wiring diagnostics on command to detect and report wiring errors.
The energy monitor shall:
Integrate easily into existing information networks.
Communicate with compatible PLC families.
LCD Display
The energy monitor shall have an integrated LCD display to provide viewing, configuration and access to programming.
The operator input shall be 4 buttons: Up Arrow, Down Arrow, Enter and Escape.
The LCD display shall operate in 3 modes: Display, Program and Edit.
Navigation on the energy monitor’s application shall begin on the chosen default screen, from which 2 other screens can be selected:
Display – allows viewing of metering, wiring diagnostics and status data and access to display setup. Metering data available shall be model-dependent.
Program – allows password-protected access to programming commands and parameter changes.
General Ratings
The energy monitor shall be able to withstand:
	Vibration
	2 g

	Shock, Operating
	30 g

	Shock, Non-operating
	50 g

	Dielectric Withstand, Control Power
	2500V


POWER QUALITY MONITOR
Construction
The power quality monitor shall consist of:
Power quality meter
Display module 
The power quality meter shall:
Connect to a three-phase or single-phase AC power system.
Convert instantaneous voltage and current values to digital values and use the digital values to calculate parameters.
Maintain internal datalogs and record metering, status, event and alarm data into these logs as specified in the logging configuration.
Communicate developed data to controllers, HMI software, applications or its display module (optional).
The power quality meter shall be mounted in a suitable enclosure.
The enclosure shall protect:
The power quality meter from atmospheric contaminants.
The user against personal contact with energized circuits.
When installed within a substation or switchgear lineup, the power quality meter shall be mounted within a low-voltage cubicle, isolated from medium and high-voltage circuits.
The power quality meter shall be designed to operate in:
An industrial environment with an ambient temperature of -20° to 70°C (-4° to 158°F), and with a relative humidity range of 5% to 95%, non-condensing.
A free airflow environment (convection cooling only, no fans or other air moving devices shall be required).
The power quality meter shall be mounted to a well-grounded surface to limit the effects of noise due to electromagnetic interference (EMI).
The power quality meter shall operate with control power electrical service of:
(L1, L2) 120/240 VAC, 50/60 Hz (38 VA) [or 120/240 VDC (26 VA)] nominal
24 VDC (12 VA) nominal
The power quality meter shall include adequate memory to store all necessary data.
Readily accessible on the power quality meter shall be several ports, status indicators and terminal connections, including:
Standard RJ45 Ethernet jack with LNK and ACT indicators.
Optional communications port.
USB Mini-B device port for connection to a host device.
Device and network status indicators.
Power status indicator.
Status input, KYZ output and control relay wiring terminals.
Voltage sensing wiring terminals and current sensing wiring openings.
Virtual wiring connection indicator. 
The power quality meter shall have a configuration lock switch.
The optional display module shall be mounted separately and shall be capable of displaying data for up to 3 power quality meters.
Voltage and Current Sensing
The power quality meter shall monitor 4 voltage and 4 current channels for each electrical cycle.
Provides 1024 samples across 8 channels every cycle.
Measures up to the 127th harmonic.
The voltage sensing connections, current sensing wiring and metering mode shall be selected to match the configuration of the monitored circuit, including:
3-phase, 4-wire Wye
3-phase, 3-wire grounded Wye
3-phase, 4-wire impedance grounded Wye
3-phase, 3-wire Delta or ungrounded Wye
Split-phase/Single-phase
3-phase, 3-wire Delta, grounded B phase (up to 690V L-L)
3-phase, 4-wire high-leg (wildcat)
For voltage sensing, the power quality meter shall be connected:
Directly, for circuits up to 690V L-L.
With potential transformers (voltage transformers), for circuits above 690V L-L.
Voltage sense inputs (V1, V2, V3, VN) shall be rated:
Accuracy in percent of reading at 25°C: ±0.1%.
Input impedance: 5 MΩ minimum.
Input current: 1 mA maximum.
Current sense inputs (I1, I2, I3, I4) shall be rated:
Accuracy in percent of reading at 25°C: ±0.1%.
Overload withstand: 22 A continuous, 200 A for 1 sec.
Burden and Impedance: Negligible.
Maximum crest factor at 5 A: 4.0.
Starting current: 5 mA.
Status Inputs
The power quality meter’s status inputs shall be able to connect to up to 4 non-powered contacts for data collection. The status inputs are contact closure (internal 24 VDC).
Functions
Measured parameters shall include:
	Voltage, L-L and L-N
	Apparent energy, kVAh

	Current, per phase and total
	Real power demand, kW

	Frequency, last cycle and average
	Reactive power demand, kVAR

	Voltage imbalance
	Apparent power demand, kVA

	Current imbalance
	Projected kW demand

	Real power, kW
	Projected kVAR demand

	Symmetrical Component Analysis
	Projected kVA demand

	Reactive power, kVAR
	Demand power factor

	Apparent power, kVA
	Crest factor, V and I – phase

	True power factor – phase, total
	IEEE THD %, V and I – phase, avg

	Displacement PF – phase, total
	IEC THD %, V and I – phase, avg

	Reactive energy, kVARh
	Harmonic content, V and I to 63rd

	Real energy, kWh
	K-factor, I – phase


Logging functions shall include:
	Energy log
	Trigger data log

	Data log
	Setpoint log

	Min/max log
	Alarm log

	Load factor log
	Power quality log

	Time of use logs
	· Sag/swell events

	Event log
	· Oscillography

	Waveform log
	· Harmonic analysis

	Snapshot log
	


Other functions shall include:
	Security
	Logical setpoint programming

	Wiring diagnostics
	Waveform synchronization broadcast

	Virtual wiring correction
	User-configurable sag/swell detection

	Network time synchronization
	CIP energy object

	Network demand synchronization
	IEEE 519 harmonics pass/fail

	Setpoint programming
	IEEE 519 TDD (Total Demand Distortion)


Coordinate with programmer on parameters to be gathered in PLC or control system.
Relay Outputs
3 relay outputs shall be available for applications including: control of loads, switching of circuit breakers and signaling. The outputs are rated:
Maximum resistive load switching:
50/60 Hz AC RMS: 10 A at 240V (2400 VA)
DC: 10 A at 24V; 0.25 A at 125V
Minimum load switching:
50/60 Hz AC RMS: 10 mA at 5V
DC: 10 mA at 5V
UL 508, CSA 22.2, IC rating class:
50/60 Hz AC RMS: B300
DC: Q300
Maximum make values (inductive load):
50/60 Hz AC RMS: 30 A at 120V; 15 A at 240V (3600 VA)
DC: 0.55 A at 125V; 0.27 A at 240V (69 VA)
Maximum break values (inductive load):
50/60 Hz AC RMS: 3 A at 120V; 1.5 A at 240V (360 VA)
DC: 0.55 A at 125V; 0.27 A at 240V (69 VA)
Maximum motor load switching:
50/60 Hz AC RMS: 1/3 HP at 125V; 1/2 HP at 240V
Protective relays/relay systems rating: ANSI C37.90 Trip Duty: 2005
A KYZ solid-state relay output shall be available for connection to an external pulse accumulator or controller. The output is rated 80 mA at 240 VAC / VDC.
Communication
The power quality meter shall have at least:
USB Mini-B connection for a host PC to access the unit’s built-in web pages.
Shall be equipped with an EtherNet/IP port, bearing the EtherNet/IP Conformance Testing mark.
Ethernet connection to support:
EtherNet/IP network.
Access to built-in web pages.
Configuration
The power quality meter shall have internal web pages for configuration, real-time data viewing, diagnostics and maintenance.
The power quality meter shall have configurable alarms for up to 20 events (setpoints), including:
Standard setpoints.
Relative setpoints that can be calculated, such as rolling averages over intervals. 
Logical setpoints that can use standard and relative setpoints as inputs, then be configured using 10 logic gates (each with up to 4 inputs), supporting AND, NAND, OR, NOR, XOR and XNOR functions.
The power quality meter shall provide 5 configurable threshold values for voltage sags and 4 values for voltage swells and shall, at sag/swell detection, record event time, event duration, configured threshold and minimum sag/maximum swell, providing sufficient information to classify each event per IEEE 1159 and EN 50160.
The power quality meter shall be configurable to alert other monitors in the system whenever a power quality event is triggered.
The power quality meter shall be configurable to record waveforms for current and voltage inputs, automatically when an RMS voltage variation occurs or when a manual capture command is issued. 
The power quality meter shall have virtual wiring correction capability to correct mis-wiring during commissioning.
The power quality meter shall be scalable and capable of full integration into a plant-wide network.
When connected with other equal power quality meters, its system event snapshot tool contributes to a system-wide event picture.
When used with FactoryTalk EnergyMetrix software, the power quality meter provides data for power quality analytics.
Display Module
The display module shall have a flat panel display to provide visualization for data from up to 3 power control meters, using built-in software.
The display area shall be 95 mm wide by 53.9 mm high (3.74 inches wide by 2.12 inches high). 
The display shall be 4-inch transmissive TFT.
The operator input shall be touch screen and 4 function keys.
Communication shall be both:
RS-232 (DF1), RS-232 (DH-485), RS-485.
Ethernet.
The back of the display module shall have a diagnostic status indicator.
The display module shall have a real-time clock with battery backup. The battery is replaceable.
The display module shall be designed to operate in a temperature range of 0 to 50 ºC (32 to 122 ºF) and a humidity range of 5 to 95% non-condensing.
The display module shall operate on power input of 18 to 30 VDC (24 VDC nominal). A DIN-rail-mounted, AC-to-DC power supply 85 to 265 VAC, 47 to 63 Hz option shall be available.
The operator interface terminal shall have one Universal Serial Bus (USB) type-A connector port to connect to removable USB flash drives for external storage.
The operator interface terminal shall have one Universal Serial Bus (USB) type-B connector port (device port) to connect to a host computer using TCP/IP communication and the USB function RNDIS client.
The display module shall be capable of being configured by using the PanelView Explorer Startup window on a browser, using either its USB port or an Ethernet network connection.
Navigation on the display module’s application shall begin on the Main screen, from which 5 other screens can be selected:
Overview – shows snapshot of the average voltage, average current, total power and average true power factor for up to 3 connected power quality meters.
V.I.F. – shows voltage, current, frequency data.
Power – shows power data for each line.
Power Quality – shows sequence data, K-factors and IEEE/IEC averages.
Energy Demand – shows energy, demand and projected demand.
General Rating
The power quality meter shall be able to withstand:
	Vibration
	2 g

	Shock, Operating
	30 g

	Shock, Non-operating
	50 g

	Dielectric Withstand
	As outlined in UL61010, EN61010

	Installation Location
	Indoor use

	Altitude
	2000 m (6560 ft)


The display module (optional) shall be able to withstand conducted susceptibility tests as outlined in:
	Vibration
	IEC 60068-2-6

	Shock
	IEC 60068-2-27

	Radiated Emissions
	CISPR 11: Group 1, Class A

	ESD Immunity
	EN 61000-4-2

	Radiated RF Immunity
	EN 61000-4-3

	EFT/B Immunity
	EN 61000-4-4

	Surge Immunity
	EN 61000-4-5

	Conducted RF Immunity
	EN 61000-4-6


EXECUTION
INSTALLATION
Where Contract Documents require a power monitor to be installed in electrical equipment manufactured by a third party; power monitor shall be sent to and installed by equipment manufacturer at the time of equipment fabrication.  Equipment shall be shipped to the site after power monitor has been installed and tested. 
Installation shall be in compliance with all manufacturer requirements, instructions and contract drawings, including:  
Rotation of motor shall be correct prior to installing CT’s for power monitoring equipment.
Space surrounding the energy or power quality monitor to maintain adequate cooling.
Conditioning of space surrounding the energy or power quality monitor enclosure to maintain the manufacturer’s ambient temperature and humidity ranges.
Accessibility of energy or power quality monitor diagnostic lights and communication ports – these components shall be free from obstructions at all times.
Startup of Power Monitoring Equipment shall be completed by manufacturer.  Configure as required.
Power Monitor Equipment shall be provided with proper fusing and shorting blocks.
Interface
The supplier shall provide all required cables and connectors to interface with other equipment.
The supplier shall coordinate size and configuration of enclosure to meet project requirements.
The supplier shall ensure that communication connections and wiring are properly protected in accordance with manufacturer recommendations.
+ + END OF SECTION + +
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LIGHTING CONTROL DEVICES
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install fuses with size and trip rating as shown or specified.
*********************************************************************************************
NTS: Retain applicable items and delete others as required.
*********************************************************************************************
Section Includes:
Time switches.
Outdoor Photoelectric Switches.
Indoor Occupancy and Vacancy Sensors.
Switchbox Mounted Occupancy and Vacancy Sensors.
Digital Timer Light Switches.
High Bay Occupancy Sensors.
Extreme Temperature Occupancy Sensors.
Outdoor Motion Sensors.
Lighting Contactors.
Coordination:
Review installation procedures under other Sections and coordinate installation of items to be installed with or before Fuses.
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Related Sections:
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 27 26, Wiring Devices.
Section 26 51 00, Interior Lighting.
Section 26 56 00, Exterior Lighting.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
NECA 1, Standard for Good Workmanship in Electrical Construction.
NFPA 70, National Electrical Code.
QUALITY ASSURANCE
Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
Special Listing and Labeling: Provide fixtures for use in damp or wet locations, underwater, and recessed in combustible construction that are specifically listed and labeled for such use.  Provide fixtures for use in hazardous (classified) locations that are listed and labeled for specific hazard.
Regulatory Requirements:
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Coordinate sensors, power packs, mounting hardware, and trim with ceiling system and other items, including work of other trades, required to be mounted on ceiling or in ceiling space.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS 
Action Submittals. Submit the following:
Product Data 
Lighting Control Devices – Product Data
For each type of product
Shop Drawings
Lighting Control Devices – Shop Drawings
Listing of each sensor to be furnished, including location, and rating for each type.
Outline drawings with dimensions, materials of construction, installation details, accessories, and equipment ratings.
Interconnection diagrams showing field-installed wiring.
Include diagrams for power, signal, and control wiring.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates (NOT USED) 
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions
Lighting Control Devices - Manufacturers’ Instructions
Include installation instructions for each type.
Include programming instructions for each type.
Source Quality Control Submittals
Lighting Control Devices - Source Quality Control Submittals
Results of required source quality control tests and inspections.
Field Quality Control Submittals
Lighting Control Devices - Field Quality Control Submittals
Results of required field quality control tests and inspections.
Qualifications Statements
Lighting Control Devices – Qualifications Statement
Submit manufacturer qualifications when requested by Engineer.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data
Lighting Control Devices – Operations and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, and description of operation.
Comply with Section 01 78 23, Operations and Maintenance Data.
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation
Lighting and Control Devices – Warranty Documentation
Include for each type.
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)
WARRANTY
Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace lighting control devices that fail(s) in materials or workmanship within specified warranty period.
Failures include, but are not limited to, the following:
Faulty operation of lighting control software.
Faulty operation of lighting control devices.
Warranty Period: Two year(s) from date of Substantial Completion.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by the following:
Acuity Brands Lighting, Inc.
Cooper Industries (Eaton Group)
Hubbell Building Automation, Inc.
Leviton Manufacturing Co., Inc.
Lutron Electronics Co., Inc.
Sensor Switch, Inc. (Acuity)
Wattstopper (Legrand)
Intermatic, Inc.
NSi Industries, LLC
The listing of specific manufacturers above does not imply acceptance of their products that do not meet the specified ratings, features and functions. Manufacturers listed above are not relieved from meeting these specifications in their entirety.
*********************************************************************************************
NTS: Retain sections 2.2 thru 2.10 as required.  Delete sections not required.
*********************************************************************************************
TIME SWITCHES
General Requirements for Electronic Time Switches: Solid State, programmable, with alphanumeric display, complying with UL 917.
Listed and labeled as defined in NFPA 70 and marked for intended location and application.
Contact Configuration: DPST
Contact Rating: 30-A inductive or resistive load, 120/240-V ac.
Programs: Minimum of sixteen on-off set points on a 24-hour schedule.
Circuitry: Allow connection of a photoelectric relay as substitute for on-off function of program on all channels.
Astronomic Time: All channels.
Automatic Daylight savings time changeover.
Battery backup: Not less than seven days reserve to maintain schedules and time clock.
OUTDOOR PHOTOELECTRIC SWITCHES
General Requirements for Outdoor Photoelectric Switches: Solid state with DPST dry contacts rated for 1800 VA inductive, to operate connected relay, contactor coils, or microprocessor input, complying with UL 773A, and compatible with ballasts, drivers, and LED lamps.
Listed and labeled as defined in NFPA 70 by qualified testing agency and marked for intended location and application.
Light Level Monitoring Range: 1.5 fc to 10 fc with an adjustment for turn-on and turn-off levels within that range.  Provide directional lens in front of the photocell to prevent fixed lighting sources from causing turn-off.
Time Delay: fifteen second minimum to prevent false operation.
Surge Protection: Metal-oxide varistor.
Mounting: Twist lock complies with NEMA C136.10, with base and stem mounting or stem and swivel mounting accessories as required to direct sensor to the north sky exposure.
Failure Mode: Luminaire stays ON.
INDOOR OCCUPANCY AND VACANCY SENSORS
General Requirements for Sensors: Ceiling-mounted, solid-state indoor occupancy and vacancy sensors.
Separate power pack.
Hardwired connection to switch.
Listed and labeled as defined in NFPA 70, by a qualified testing agency and marked for intended location and application.
Operation:
Occupancy Sensor:  Unless otherwise indicated, turn lights on when coverage area is occupied and turn off when unoccupied.  Provide an adjustable time delay for turning the lights off with a minimum range of 1 to 15 minutes.
Vacancy Sensor: Unless otherwise indicated, lights are manually turned on and sensor turns lights off when room is unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 minutes.
Sensor Output: Contacts rated to operate the connected relay, complying with UL 773A. Sensor is powered from the power pack.
Power Pack: Dry contacts rated for 20-A ballast or LED load at 120 and 277 volt ac and 1 hp at 120 volt ac.  Sensor has 24 volt dc, 150 mA, Class 2 power source as defined by NFPA 70.
Mounting:
Sensor: Suitable for mounting in any position on a standard outlet box.
Relay: Externally mounted through a 1/2-inch knockout on a standard electrical enclosure.
Time-Delay and Sensitivity Adjustments: Recessed and concealed behind hinged door, “off” time delay selector at up to 30 minutes.
Indicator: Digital Display to show when motion is detected during testing and normal operation of sensor.
Standard Range: 180° field of view, with a minimum coverage area of 900 sq. ft.
Sensing Technology: Dual technology – PIR and ultrasonic.
Field-selectable manual/automatic on.
Adaptive technology: Self adjusting circuitry detects and memorized usage patterns of the space and helps eliminate false “off” switching.
Bypass Switch: Override the “ON” function in case of sensor failure.
SWITCHBOX-MOUNTED OCCUPANCY AND VACANCY SENSORS
General Requirements for Sensors: Automatic-wall-switch occupancy sensor with manual on-off switch, suitable for mounting in a single gang switchbox.
Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
Operation:
Occupancy Sensor: Unless otherwise indicated, turn lights on when coverage area is occupied, and turn lights off when unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 minutes.
Vacancy Sensor: Unless otherwise indicated, lights are manually turned on and sensor turns lights off when unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 minutes.
Operating Ambient Conditions: Dry interior conditions, 32 to 120 deg F.
Switch Rating: Not less than 800-VA ballast or LED load at 120 V, 1200-VA ballast or LED load at 277 V, and 800-W incandescent.
Color: Color to be selected by Engineer.
Faceplate: Shall match color of device unless a stainless-steel faceplate is specified.
Standard Range: 180° field of view, with a minimum coverage area of 900 sq. ft.
Sensing Technology: Dual technology – PIR and ultrasonic.
Switch Type: Refer to Drawings.
Field-selectable manual/automatic on.
Capable of controlling load in a three/four way application.
Voltage: Dual voltage – 120 and 277 V.
Concealed, field adjustable, “off” time delay selector at up to 30 minutes.
Adaptive technology: Self adjusting circuitry detects and memorized usage patterns of the space and helps eliminate false “off” switching.
Bypass Switch: Override the “on” function in case of sensor failure.
DIGITAL TIMER LIGHT SWITCHES
General Requirements for Timers: Combination digital timer and conventional switch lighting control unit.  Switch box mounted with time intervals as scheduled.
Rated for 10A at 120 V ac or 10 amps at 277V ac for ballast of LED.
Integral Relay for connection to HVAC System.
Voltage: Dual voltage – 120 and 277 V.
Color: Color to be selected by Engineer.
Faceplate: Shall match color of device unless a stainless-steel faceplate is specified.
HIGH BAY OCCUPANCY SENSORS
General Requirements for High Bay Occupancy Sensors: Solid state unit.  The unit is designed to operate with the LED driver and LED lamps indicated.
Listed and labeled as defined in NFPA 70, by a qualified testing agency and marked for intended location and application.
Operation: Turn lights on when coverage area is occupied and to half power when unoccupied with a time delay for turning lights to half power that is adjustable over a minimum range of 1 to 30 minutes.
Voltage: Dual voltage – 120 and 277 V.
Operating Ambient Conditions: 0° C to 65° C.
Time Delay and Sensitivity Adjustments: Recessed and concealed behind hinged door.
Tested as a complete unit with LED driver and LED lamps.
Mounting:
Sensor: Suitable for mounting in any position to a standard 1/2-inch knockout in a standard electrical enclosure.
Time Delay and Sensitivity Adjustments: Recessed and concealed behind a cover.
Bypass Switch: Override the “on” function in case of sensor failure.
Detector Technology: PIR.
Detector Coverage: User selectable by interchangeable PIR lenses, suitable for mounting heights from 12 to 50 feet.
EXTREME TEMPERATURE OCCUPANCY SENSORS
General Requirements for Extreme Temperature Occupancy Sensors: Self-Contained solid-state device.
Listed and labeled as defined in NFPA 70, by a qualified testing agency and marked for intended application in damp locations.
Operation: Turn lights on when coverage area is occupied and dim to a preset level when unoccupied with a time delay for dimming lights, adjustable over a minimum range of 1 to 30 minutes.
Operating Ambient Conditions: -40° C to +50° C.
Mounting:
Sensor: Suitable for mounting in any position to a standard 1/2-inch knockout in a standard electrical enclosure.
Time Delay and Sensitivity Adjustments: Recessed and concealed behind a cover.
Bypass Switch: Override the “on” function in case of sensor failure.
Automatic Light-Level Sensor: Adjustable from 2 fc to 10 fc; keep lighting off when selected lighting level is present.
Detector Technology: PIR.  Detect occupants in coverage area by their heat and movement.
Detector Sensitivity: Detect occurances of 6-inch minimum movement of any portion of a human body that presents a target of not less than 36 sq. in.  Comply with UL 773A.
Detector Coverage (Pole) Detect occupancy within 25 feet when mounted on a pole.
OUTDOOR MOTION SENSORS
General Requirements for Outdoor Motion Sensors: Solid-state outdoor rated device.
Listed and labeled as defined in NFPA 70 by a qualified testing agency and marked for intended location and application.
PIR type, weatherproof.  Detect occurrences of 6-inch minimum movement of any portion of a human body that presents a target of not less than 36 sq. in.  Comply with UL 773A.
Tested as a complete unit with LED driver and LED lamps.
Switch Rating:
Luminaire Mounted Sensor: 500-VA LED.
Separately Mounted Sensor: Dry contacts rated for a 20-A LED driver load at 120 and 277 V ac and for 1 hp at 120 V ac.  Sensor has 24 V dc, 150mA, Class 2 power supply as defined by NFPA 70.
Switch Type: SP, automatic “on”, automatic “off” with bypass switch to override the “on” function in case of sensor failure.
Voltage: Dual voltage, 120 and 277 V.
Detector Coverage:
Standard Range: 210° field of view with a minimum coverage area of 1000 sq. ft.
Long Range: 180° field of view and 110 foot detection range.
Ambient Light Override: Concealed, field adjustable, light-level sensor from 2 fc to 10 fc.  The switch prevents the lights from turning on when light level is higher than the set point of the sensor.
Concealed, field adjustable “off” time delay selector from a minimum of 1 to 30 minutes.
Operating Ambient Conditions: Suitable for operation in ambient temperatures ranging from -40° C to +55° C.  Sensor shall be rated “raintight” according to UL 773A.
LIGHTING CONTACTORS
Manufacturers: Subject to compliance with requirements, provide products by the following:
Allen-Bradley.
Eaton.
Siemens.
Square D.
General Requirements for Lighting Contactors: Electrically operated and mechanically held, combination type lighting contactors complying with NEMA ICS 2 and UL 508.
Current Rating for Switching: Listing or rating consistent with type of load served including tungsten filament, inductive, high inrush ballast, and LED drivers.
Fault Current Withstand Rating: Equal to or exceeding the available fault current at the point of installation.
Enclosure: Comply with NEMA 250.
Provide with control and pilot devices as indicated on Drawings, matching the NEMA type specified for the enclosure.
CONDUCTORS AND CABLES
Power Wiring to Supply Side of Power Sources: Not smaller than No. 12 AWG. Comply with requirements in Section 26 0519 "Low-Voltage Electrical Power Conductors and Cables."
Classes 2 and 3 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 18 AWG. Comply with requirements in Section 26 0519 "Low-Voltage Electrical Power Conductors and Cables."
Class 1 Control Cable: Multiconductor cable with stranded-copper conductors not smaller than No. 14 AWG. Comply with requirements in Section 26 0519 "Low-Voltage Electrical Power Conductors and Cables."
EXECUTION
EXAMINATION
Examine lighting control devices before installation. Reject lighting control devices that are wet, moisture damaged, or mold damaged.
Examine walls and ceilings for suitable conditions where lighting control devices will be installed.
Proceed with installation only after unsatisfactory conditions have been corrected.
SENSOR INSTALLATION
Comply with NECA 1.
Coordinate layout and installation of ceiling-mounted devices with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, smoke detectors, fire-suppression systems, and partition assemblies.
Install and aim sensors in locations to achieve not less than 90-percent coverage of areas indicated. Do not exceed coverage limits specified in manufacturer's written instructions.
CONTACTOR INSTALLATION
Comply with NECA 1.
Mount electrically held lighting contactors with elastomeric isolator pads to eliminate structure-borne vibration unless contactors are installed in an enclosure with factory-installed vibration isolators.
WIRING INSTALLATION
Comply with NECA 1.
Wiring Method: Comply with Section 26 0519 "Low-Voltage Electrical Power Conductors and Cables." Minimum conduit size is 1/2 inch.
Wiring within Enclosures: Comply with NECA 1. Separate power-limited and nonpower-limited conductors according to conductor manufacturer's written instructions.
Size conductors according to lighting control device manufacturer's written instructions unless otherwise indicated.
Splices, Taps, and Terminations: Make connections only on numbered terminal strips in junction, pull, and outlet boxes; terminal cabinets; and equipment enclosures.
IDENTIFICATION
Identify components and power and control wiring according to Section 26 05 53, Identification for Electrical Systems.
Identify controlled circuits in lighting contactors.
Identify circuits or luminaires controlled by photoelectric and occupancy sensors at each sensor.
Label time switches and contactors with a unique designation.
FIELD QUALITY CONTROL
Perform the following tests and inspections:
Operational Test: After installing time switches and sensors, and after electrical circuitry has been energized, start units to confirm proper unit operation.
Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.
Lighting control devices will be considered defective if they do not pass tests and inspections.
Prepare test and inspection reports.
ADJUSTING
Occupancy Adjustments: When requested within 12 months from date of Substantial Completion, provide on-site assistance in adjusting lighting control devices to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.
For occupancy and motion sensors, verify operation at outer limits of detector range. Set time delay to suit Owner's operations.
For daylighting controls, adjust set points and deadband controls to suit Owner's operations.
Align high-bay occupancy sensors using manufacturer's laser aiming tool.
DEMONSTRATION
Train Owner's maintenance personnel to adjust, operate, and maintain lighting control devices.
+ + END OF SECTION + +
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MEDIUM VOLTAGE TRANSFORMERS
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified and required to furnish and install pad-mounted, liquid-filled medium voltage transformers. 
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.  Edit paragraph “1” as required. 
*********************************************************************************************
Section 03 30 00, Cast-in-Place Concrete.
Section 26 05 53, Identification for Electrical Systems.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
IEEE C2, National Electrical Safety Code.
ANSI/IEEE C57.12, General Requirements for Distribution, Power and Regulating Transformers.
ANSI/IEEE C57.12.13, Liquid-Filled Transformers Used in Unit Installations including Unit Substations – Conformance Requirements.
ANSI/IEEE C57.12.22, Pad-Mounted Compartmental-Type, Self-Cooled, Three-Phase Distribution Transformers with High Voltage Bushings; 2500 kVA and Smaller.
ANSI/IEEE C57.12.26, Standard for Pad-Mounted, Compartmental-Type, Self-Cooled, Three-Phase Distribution Transformers for Use with Separable Insulated High-Voltage Connectors
ANSI/IEEE C57.12.27, Liquid-Filled Distribution Transformers Used in Pad-Mounted Installations, Including Unit Substations – Conformance Requirements.
ANSI/IEEE C57.12.28, Pad-Mounted Equipment Enclosure Integrity.
ANSI/IEEE C57.12.34, Standard Requirements for Pad-Mounted, Compartmental-Type, Self-Cooled, Three-Phase Distribution Transformers, 5 MVA and Smaller; High Voltage, 34.5 kV Nominal System Voltage and Below; Low Voltage, 15 kV Nominal System Voltage & Below
ANSI/IEEE C57.12.90, Test Code for Distribution Power and Regulation Transformers and Guide for Short Circuit Testing of Distribution and Power Transformers.
ANSI/IEEE C57.12.91, Test Code for Dry-Type Distribution and Power Trans-formers.
NEC 450, Transformers and Transformer Vaults
NEMA LA 1, Surge Arresters
UL 486A, Standard for Safety for Wire Connectors and Soldering Lugs for Use With Copper Conductors
UL 486B, Standard for Safety for Wire Connectors for Use with Aluminum Conductors
QUALITY ASSURANCE
Testing Agency Qualifications: Independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907; or shall be full-member company of International Electrical Testing Association.
Testing Agency's Field Supervisor: Person currently certified by International Electrical Testing Association or National Institute for Certification in Engineering Technologies, to supervise on-site testing.
Regulatory Requirements: Comply with the following:
*********************************************************************************************
NTS: Retain applicable regulations and add others as required.
*********************************************************************************************
NEC Article 450, Transformers and Transformers Vaults (Including Secondary Ties).
United States Department of Energy, 10 CFR Part 431, Energy Conservation.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
IEEE C2. Institute of Electrical and Electronics Engineers National Safety Code
*********************************************************************************************
NTS: Retain paragraph “C”, below when seismic requirements apply; otherwise delete.  Coordinate with the project structural Engineer to determine project seismic requirements.
*********************************************************************************************
Seismic Requirements: The Work shall comply with seismic Zone 1Requirements and Site Class as determined by geotechnical evaluation.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Medium Voltage Transformers - Product Data
Manufacturer’s technical information for proposed pad-mounted, liquid-filled medium voltage transformers.  
Include data on features, components, ratings, and performance for each type of transformer specified.
Include dimensioned plans, sections, and elevation views.
Minimum Clearances and Installed Devices and Features.
Detail wiring and identify terminals for tap changing and connecting field installed wiring
Anchorage System Information
 Include load calculations and installation information.
Shop Drawings 
Transformer Layout
Include dimensions and locations of anchors.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates
Seismic certification. 
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals
Transformer Factory Test Reports
Submit transformer factory test reports.
Field Quality Control Submittals
Transformer Field Test Reports
Submit transformer factory test reports.
Qualifications Statements 
Qualification Statements of Manufacturer
Submit when requested by Engineer.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals
Proposed factory test methods, procedures, and apparatus.  
Proposed field test methods, procedures, and apparatus.  
Closeout Submittals. Submit the following: 
Operation and Maintenance Data 
Medium Voltage Transformers Operation and Maintenance Data
Submit Operation and Maintenance Data in accordance with Section 01 78 23 
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)
DELIVERY AND HANDLING
Equipment shall be constructed for handling by crane.  Where cranes are not available equipment shall be suitable for placement on rollers using jacks to raise and lower the groups.
Temporary Heating: For indoor, dry-type transformers, apply temporary heat according to manufacturer's written instructions within enclosure of each ventilated-type unit throughout periods during which equipment is not energized and is not in space that is continuously under normal control of temperature and humidity.
Delivery, storage, and handling shall comply with manufacturer’s recommendations.
PRODUCTS
MANUFACTURERS
Provide one of the following:
Cooper Industries; Cooper Power Systems Division.
ABB Power T & D Co., Inc.
All others shall be approved by Designer prior to bidding. Submit to Designer 10 days prior to the bid date.
EQUIPMENT PERFORMANCE
Performance Criteria:
Reference Construction Drawings for applicable medium voltage transformers information. Information includes but is not limited to KVA, primary and secondary voltages.
Description: 2-winding type, designed for operation with high-voltage windings connected to 3-phase, 3-wire, 60 Hz, grounded-neutral distribution system
MATERIALS
Material Requirements:
ANSI/IEEE C57.12.00, C57.12.26, C57.12.28, and C57.12.34.
Dielectric Liquid: Envirotemp FR3 Fluid, listed as less-flammable, non-toxic, non- bioaccumulating, biodegradable per EPA, 100% derived from seed oils and food grade performance enhancing additives. The fluid shall be Factory Mutual (FM) approved and UL classified.
Efficiency: Energy efficient, complying with 10 CFR Part 431 standard efficiency levels.
Windings:
Copper construction for primary and secondary windings.
Winding temperature rise by resistance shall not exceed 55 degrees C.
Hottest spot winding temperature rise shall not exceed 65 degrees C.
Provide thermally upgraded insulation allowing continuous loading of 112 percent of the 55 degrees C KVA rating with winding temperature rise not exceeding 65 degrees C and hottest spot temperature rise not exceeding 80 degrees C. 
Full-Capacity Voltage Taps: Four 2.5% taps; 2 above and 2 below rated high voltage; with externally operable tap changer for de-energized use and with position indicator and padlock hasp.
Liquid-filled medium voltage Transformers shall bear the UL label.
Impedance: 5.75 percent.
Construction Requirements:
Live-front construction.
Construction shall be in accordance with ANSI/IEEE C57.12.13, ANSI/IEEE C57.12.22, ANSI/IEEE C57.12.27, and ANSI/IEEE C57.12.28.
Compartmental-type unit consisting of transformer tank with high and low-voltage cable terminating compartment, assembled as an integral unit for mounting on a pad.
Tamper-proof design with no exposed screws, bolts, or other fastening devices that are externally removable, and no openings through which foreign objects might contact live parts.
Full-height, air-filled, incoming and outgoing terminal compartments with hinged doors and steel barrier between compartments:
High-voltage, incoming compartment accessible only after door to low-voltage, outgoing compartment is open.
Compartment doors equipped for latching in the open position and capable of being secured with a single padlock.
Door hardware and hinge assemblies made of corrosion-resistant material.
Lifting, jacking, and rolling provisions.
Instruction Nameplate: Stainless-steel plate and screws permanently affixed to a non-removable part in the low-voltage compartment and located to be readable with cables in place.
Transformer Tank: Sealed tank constructed with welded main cover and bolted tamper-resistant handhole for access to internal connections.
Tank grounding provisions in high-and low-voltage compartments.
Low-voltage Bushings: Tinned, spade type.
High-voltage Bushings: Porcelain, live-front arrangement.
High-voltage Entrance: Three cast resin bushings with phase barriers between bushings.
Terminals arranged for cabling from below.
Identification: Identify pad-mounted liquid-filled medium voltage transformers in accordance with Section 26 05 53, Identification for Electrical Systems, with transformer identification number, primary and secondary power identification, and voltage.
Surge Arrester Requirements: 
Distribution class, one for each primary phase. 
Comply with NEMA LA 1.
High-Voltage Termination and Equipment Requirements: 
Dead front deadbreak. 
Include following:
Deadbreak primary one-piece 600A bushing externally removable integral design.
Suitable for use with 600A T-tap deadbreak connector with 200A loadbreak interface and capacitive test point.
Parking Stands: One for each high-voltage connector. Arranged for parking deadbreak connectors; one for each primary feeder conductor terminating at transformer.
Surge Arresters: Dead-front, 200A, elbow-type, metal-oxide-varistor units suitable for use on 200A loadbreak interface on the 600A T-tap dedbreak connectors.
*********************************************************************************************
NTS: Edit as required for other accessories and primary and secondary switching equipment.
*********************************************************************************************
Required Accessories:
Lightning arrester mounting pads with three lightning and surge over voltage arrestors
Gang-operated internal oil-immersed load break switch with bayonet primary expulsion fuses.
Drain Valve: 1 in. (25 mm), with sampling device.  It shall have a lockable ball valve and be accessible from exterior of the enclosure.
Dial-type thermometer.
Liquid-level gauge.
Pressure-vacuum gauge.
Pressure-Relief Device: Self-sealing with an indicator.
*********************************************************************************************
NTS: Delete “8” below if alarms are not necessary for the project. Coordinate alarms with Owner.
*********************************************************************************************
Alarm contacts for above gages and thermometer, including but not limited to;
Oil Pressure Low
Oil Pressure High
Temperature Low
Temperature High
Oil Level Low
Oil Level High
Finish Requirements:
Enclosure Coating System for Outdoor Units: Comply with ANSI C57.12.28 regardless of transformer type.
SOURCE QUALITY CONTROL
Factory Tests for Liquid-Filled Medium Voltage Transformers: Perform the following factory tests in accordance with ANSI/IEEE C57.12.90 and ANSI/IEEE C57.12.91:
Resistance measurements of all windings on rated voltage connection of each unit and at tap extremes of one unit of each specified rating.
Ratio tests on rated voltage connection and on all tap connections.
Polarity and phase-relation tests on rated voltage connec­tion.
No-load loss at rated voltage on rated voltage connection.
Exciting current at rated voltage on rated voltage connec­tion.
Impedance and load loss at rated current on rated voltage connection of each unit and on the tap extremes of one unit of each specified rating.
Temperature Test: Perform tests when there is no available record of a temperature test made in accordance with ANSI/IEEE standards on a duplicate or essentially duplicate unit to the equipment required.  Perform tests under conditions specified in ANSI/IEEE C57.12.90 on one unit of each specified rating.
Applied potential tests.
Induced potential tests.
Factory Sound-Level Tests: Conduct sound-level tests on equipment for this Project if specified sound levels are below standard ratings.
EXECUTION
INSPECTION
Examine conditions under which the Work will be installed and notify Engineer in writing of conditions detrimental to the proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
INSTALLATION
Install equipment in accordance with equipment manufacturer’s recommendations, Laws and Regulations, and the Contract Documents.
Install equipment with sufficient access and working for convenient and safe operation and maintenance.
Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.  Use carbon steel bolts with Belleville Washer Nut on load side connections.
*********************************************************************************************
NTS: Edit paragraph “D” below if special anchor detail is required.
*********************************************************************************************
Install transformer on concrete pad at location shown on the Drawings.  Modify pad as required to fit equipment furnished.  Provide pad in accordance with Section 03 30 00 Cast-in-Place Concrete. Anchor transformer per manufacturer recommendations. 
Set taps for proper voltage at service distribution equipment.
Unless otherwise shown or indicated, provide ground rod directly beneath transformer.  Connect grounding electrode conductor(s) to ground rod.  Where liquid-filled medium voltage transformers are to be mounted on existing concrete slabs, drill slab for ground rod penetration.
FIELD QUALITY CONTROL
*********************************************************************************************
NTS: Edit inspection and testing requirements in paragraph “A”, below, to suit the project.
*********************************************************************************************
TRANSFORMERS – OIL FILLED 4,160 – 480/277 v
Tests:  Include following minimum inspections and tests according to manufacturer's written instructions. Comply with IEEE C57.12.90 for test methods and data correction factors for liquid-filled units.
Inspect accessible components for cleanliness, mechanical and electrical integrity, and damage or deterioration. Verify that temporary shipping bracing has been removed. Include internal inspection through access panels and covers for dry-type transformers.
Inspect bolted electrical connections for tightness according to manufacturer's published torque values or, if not available, those specified in UL 486A and UL 486B.
Insulation Resistance: Perform megohmmeter tests of primary and secondary winding to winding and winding to ground.
For Windings' Ratings from 0 to 600 V:  1000-V, dc minimum test voltage; and 500 megohms for dry-type and 100 megohms for liquid-filled transformers.
For Windings' Ratings from 601 to 5000 V:  2500-V, dc minimum test voltage; and 5000 megohms for dry-type and 1000 megohms for liquid-filled transformers.
For Windings' Ratings from 5000 to 35,000 V:  5000-V, dc minimum test voltage; and 25,000 megohms for dry-type and 5000 megohms for liquid-filled transformers.
Duration of Each Test:  10 min.
Temperature Correction: Correct results for  test  temperature  deviation  from  20°C standard.
Turns Ratio:  Measure between windings at each tap setting.  Measured ratios deviating more than 0.5% from calculated or measured ratio for an adjacent coil are not acceptable.
Winding Resistance:  Measure for windings at nominal tap setting.  Measured resistance deviating more than 1% from that of adjacent windings is not acceptable.
Liquid-Filled Transformer, Insulation Power-Factor Test: Determine overall dielectric loss and power factor for windings' insulation. Limit test voltage to line-to-ground voltage of windings being tested.  Measured values exceeding following are not acceptable:
Oil-Filled Units:  1%.
Silicone-Filled Units:  0.5%.
High-Fire-Point, Hydrocarbon-Filled Units:  1%.
Test Failures: Compare test results with specified performance or manufacturer's data. Correct deficiencies identified by tests and retest.   Verify that transformers meet specified requirements.
Manufacturer's Field Services:
Furnish the services of qualified factory-trained technicians from manufacturer to instruct facility operations and maintenance personnel in recommended operation and maintenance of the equipment.  Training requirements and duration of instruction shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
Supplier's or manufacturer's representative for equipment specified herein shall be present at jobsite or classroom designated by OWNER for mandays indicated, travel time excluded, for assistance during plant construction, plant startup, and training of OWNER'S personnel for plant operation. Include:
1 man-day for Installation Services.
1/2 man-day for Instructional Services.
In addition to services specified above, furnish manufacturer’s field services as required to successfully complete system demonstration testing as specified Section 01 79 13 – System and Facility Performance Testing Procedures.
Instructional Services:
Factory-authorized service representative shall explain transformers and accessories and to train Buyer’s maintenance personnel. Provide both classroom training and hands-on equipment operation covering following:
Safety precautions.
Features and construction of project transformers and accessories.
Routine inspection, test, and maintenance procedures.
Routine cleaning.
Features, operation, and maintenance of integral disconnect switches and protective devices.
Interpretation of readings of indicating and alarm devices.
Tap-changing procedures.
Features, operation, and maintenance of separable, insulated, connector system.
CLEANING
On completion of installation, inspect components. Remove paint splatters and other spots, dirt, and debris. Repair scratches and mars on finish to match original finish. Clean components internally using methods and materials recommended by manufacturer.
ADJUSTING
After installing and cleaning, touch up scratches and mars on finish to match original finish.
Adjust transformer taps to provide optimum voltage conditions at utilization equipment throughout normal operating cycle of facility. Record primary and secondary voltages and tap settings and submit with test results.
+ + END OF SECTION + +
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*********************************************************************************************
NTS: Use this section when multiple drives, for multiple systems, are specified.  On smaller, single-system projects, it may be appropriate to include the drives in the driven equipment specification section(s). 
*********************************************************************************************
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, services, and incidentals as shown, specified, and required to furnish and install medium-voltage variable frequency drives, complete and operational.
Variable frequency drives required under this Section are medium-voltage, voltage source inverter, pulse width modulated.  Variable frequency drives shall be customized.
*********************************************************************************************
NTS: Insert at No. 3 specification references to driven equipment and/or existing equipment.  Add paragraphs as required.
*********************************************************************************************
Medium-voltage variable frequency drives included in this Section are associated with the following equipment:
(--1--).
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.  

Insert at (--1--) the section number and title of the associated driven equipment; provide additional section numbers and titles to suit the project.  When references to driven equipment are listed below, they must also be listed at an appropriate location in the text of the section; for example at paragraph “1.1.A.3”, above.
*********************************************************************************************
Section 26 05 29, Hangers and Supports for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 09 13, Electrical Power Monitoring.
(--1--)
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES 
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
UL 347, High Voltage Industrial Control Equipment
UL347A, Medium Voltage Power Conversion Equipment Preliminary Standard
CSA – Industrial Control Equipment C22.2 No. 14
CE – European Directives for Safety and EMC
NEMA – Medium Voltage Controllers Rated 1501 to 7200V AC ICS (formerly ICS2‑324)
IEC – 61800-5 AC Drives Standard
ANSI – Instrument Transformers C57.13
*********************************************************************************************
NTS: Delete paragraph “8”, below, when harmonic restrictions do not apply.  When harmonic restrictions are necessary, edit this section to clearly state the restrictions and reference IEEE 519 in the text of this section accordingly.
*********************************************************************************************
IEEE & EEMAC – Guide for Harmonic Control and Reactive Compensation of Static Power Converters (IEEE 519-1992)
The VFD shall also meet the appropriate portions of the following specifications: 
National Electric Code (NEC)
Occupational Safety & Health Act (OSHA)
IEC Technical Specifications 60034-17 – Rotating Electrical Machines Part 17, Cage Induction Motors When Fed from Converters
QUALITY ASSURANCE
Qualifications:
Manufacturer:
*********************************************************************************************
NTS: Edit or delete paragraph “a.”, below, when Project requirements prohibit an experience requirement.
*********************************************************************************************
Medium-voltage variable frequency drive manufacturer shall have not less than five years of experience designing and regularly manufacturing and servicing   substantially similar equipment to that required, and upon ENGINEER’s request shall submit documentation of not less than five installations in satisfactory operation for not less than five years each.
Manufacturer shall be certified under ISO 9000, ISO 9001, or ISO 9002 for materials and equipment specified.
For all required factory tests, medium-voltage variable frequency drive manufacturer shall use a factory test facility that has calibrated its testing apparatus in the previous twelve months, and is staffed by qualified, experienced technicians.
The VFD and all associated optional equipment shall be UL listed or recognized.
The VFD shall contain a UL label attached on the inside of the enclosure cabinet.
Suppliers:
All inspection and testing procedures shall be developed and controlled under the guidelines of the supplier’s quality system and must be registered to ISO 9001 and regularly reviewed and audited by a third party registrar.
The VFD shall be factory pre-wired, assembled and tested as a complete package. 
Component Supply and Compatibility:
Drives specified under this Section employ a low switching frequency or pattern to minimize instantaneous rate of voltage change over time (dv/dt), and the adverse effects of potential bearing currents.  Where alternate manufacturers are proposed, obtain manufacturer recommendations regarding bearing currents and provide equipment required at no additional cost to Owner.
Each medium-voltage variable frequency drive shall be fully compatible with associated driven equipment and motors.  Variable frequency drives shall be matched to specific load requirements for each system.  Operation of variable frequency drive shall not overstress motor insulation.
Similar components of drives associated with each system shall be products of a single manufacturer.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittal. Submit the following:
Product Data 
Manufacturer’s technical specifications.
Manufacturer’s catalog cuts and product literature.
Shop Drawings 
Dimensional information and construction details of enclosures.  Enclosure details shall consist of exterior and interior front door with nameplate legends, interior door front and rear views, and terminal block layout.
Three‑line power and control schematic diagrams.
Wiring diagrams showing the interconnection of conductors to all devices with terminal assignments for remote devices.
Functional description of system operation.
VFD heat dissipation at full load, including heat rejection/cooling system.
Samples (NOT USED)
Delegated Design Submittals (NOT USED)
Informational Submittals. Submit the following: 
Certificates 
Certification letters from medium-voltage variable frequency drive manufacturer and motor manufacturer that the approved driven equipment has been reviewed and that variable frequency drive units and motors are compatible, and shall be provided in accordance with the Contract Documents and requirements of the driven equipment.
Test and Evaluation Reports 
Not less than thirty days prior to source quality control testing, submit descriptions of proposed shop testing methods, procedures, apparatus, and limitations.
Not less than thirty days prior to field quality control testing, submit descriptions of proposed field-testing methods, procedures, and apparatus.
Manufacturers’ Instructions 
Source Quality Control Submittals 
Within five days of completing source quality control tests and inspections, submit test results with indication of whether all criteria of the Contract Documents for the specified equipment were met.
Field Quality Control Submittals 
Within five days of completing field quality control tests and inspections, submit test results with indication of whether all criteria of the Contract Documents for the specified equipment were met.
Qualifications Statements 
Manufacturer, when requested by ENGINEER.
Manufacturer Reports
Within five days of each visit to the Site by manufacturer’s representative, submit written report of reason for visit, problems encountered, solutions implemented, and remaining work.
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, description of operation, list of recommended spare parts, and spare parts ordering information.
Manuals shall include record drawings of control schematics, including point-to-point wiring diagrams.
Include a listing of all programmable drive parameters and their settings at Substantial Completion.  Submit parameters as both printed pages in the operations and maintenance manual and in electronic format on compact disc that can be directly uploaded to the drive in event of drive replacement or repair.
Comply with Section 01 78 23, Operations and Maintenance Data.
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation (NOT USED)
Firmware (NOT USED)
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED) 
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. 
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
DELIVERY, STORAGE AND HANDLING
Packing, Shipping, Handling, and Unloading:
Packing:
Inspect prior to packing to ensure that assemblies and components are complete and undamaged. 
Protect mating connections.
Cover all openings into enclosures with-vapor inhibiting, water-repellent material.
Indoor containers shall be bolted to skids.
Coordinate the shipping of equipment with the manufacturer.
Upon delivery, check materials and equipment for evidence of water that may have entered equipment during transit.
Handling:
Lift, roll or jack medium-voltage variable frequency drive equipment into locations shown.
Variable frequency drives shall be equipped for handling required for installation.  Handle equipment in accordance with manufacturer’s requirements.
Storage and Protection:
Store medium-voltage variable frequency drive equipment in a clean, dry location with controls for uniform temperature and humidity.  Protect equipment with coverings and maintain environmental controls.
Store at an ambient temperature range of -40°C to 70°C (-40°F to 158°F).
WARRANTY
The manufacturer shall provide their standard parts warranty for twelve (12) months from the date of substantial completion.
This warranty applies to variable frequency drive systems.
PRODUCTS
VFD Cable
All 4160 VAC variable frequency drives shall be installed using a VFD cable, specifically designed for connection between a VFD and motor. 
Cable shall be provided by VFD manufacturer and rated for specific application.
POWERFLEX 7000 VFD
Manufacturers 
Allen-Bradley / Rockwell Automation – PowerFlex 7000 Medium Voltage AC Variable Frequency Drive (No substitutions)
Variable Frequency Drive Unit
Features
The VFD shall have a power rating that matches the driven load as shown on the electrical drawings. The VFD supplier shall coordinate with the motor manufacturer and the manufacturer of the driven equipment to ensure the VFD is sized to run at the full load rating of the equipment without overload or VFD failure.
The maximum audible noise from the VFD shall comply with OSHA standard 3074, Hearing Conservation, which limits noise level to 85 dB(A) at a distance of one meter from the front of the equipment (with doors closed at any speed or load condition).
VFDs shall comply with the latest edition of IEEE 519 Harmonic Guidelines.
Hardware
Embedded Ethernet port for direct network cable connections.
Battery receptacle for Lithium battery power to the Real Time Clock.
Additional DPI port for handheld and remote HIM options.
Dedicated Digital Input for hardware enable.
Conformal coated printed circuit boards.
Control Logic
Ability to test/operate I/O system with motor disconnected.
Provide a controlled shut down, when properly protected, with no component failure in the event of an output phase to phase or phase to ground short circuit. Provide annunciation of the fault condition.
Provide multiple programmable stop modes including Ramp, Coast, DC-Brake, Ramp-to-Hold, Fast Braking, and Current Limit Stop.
Provide multiple acceleration and deceleration rates.
Adjustable output frequency up to 650Hz.
Current Limit
Programmable current limit from 20 to 160% of rated output current.
Current limit shall be active for all drive states: accelerating, constant speed and decelerating. 
The drive shall employ PI regulation with an adjustable gain for smooth transition in and out of current limit.
Process PID Control
The drive shall incorporate an internal process PI regulator with proportional and integral gain adjustments as well as error inversion and output clamping functions. 
The feedback shall be configurable for normal or square root functions. If the feedback indicates that the process is moving away from the set-point, the regulator shall adjust the drive output until the feedback equals the reference.
Process control shall be capable of being enabled or disabled with a hardwire input. Transitioning in and out of process control shall be capable of being tuned for faster response by preloading the integrator.
Protection shall be provided for a loss of feedback or reference signal.
Skip Frequencies
Three adjustable set points that lock out continuous operation at frequencies which may produce mechanical resonance shall be provided. 
Fault Reset / Run
The drive shall provide automatic fault reset and restarts following a fault condition before locking out and requiring manual restart. 
The automatic mode shall not be applicable to a ground fault, shorted output faults and other internal microprocessor faults.
The time between restarts shall be adjustable from 0.5 seconds to 30 seconds.
Run on Power Up
A user programmable restart function shall be provided to allow restart of the equipment after restoration of power after long duration power outages. Restart time dependent on presence of incoming signal.
Fault Memory
The last 32 fault codes shall be stored and time stamped in a fault buffer.
Information about the drive’s condition at the time of the last fault such as operating frequency, output current, dc bus voltage and twenty-seven other status conditions shall be stored.
A power-up marker shall be provided at each power-up time to aid in analyzing fault data.
The last 32 alarm codes shall be stored and time stamped for additional troubleshooting reference.
Overload Protection
The drive shall provide internal class 10 adjustable overload protection.
A viewable parameter shall store the overload usage.
Terminal Blocks for PowerFlex 7000
Terminal blocks shall be provided for control wiring.
I/O terminal blocks shall be removable with wiring in place.
Flying Start
The drive shall be capable of determining the speed and direction of a spinning motor and adjust its output to "pick-up" the motor at the rotating speed.
Inputs and Outputs for PowerFlex 7000
The Input / Output option modules shall consist of both analog and digital I/O.
No jumpers or switches shall be required to configure digital inputs and outputs.
All digital input and output functions shall be fully programmable.
The control terminal blocks shall be rated for 115V AC.
Inputs shall be optically isolated from the drive control logic. 
The control interface card shall provide input terminals for access to fixed drive functions that include start, stop, external fault, speed, and enable.
The Input / Output option modules shall have the following features:
Analog Inputs:
Quantity one (1) or two (2) differentially isolated, ±10V (bi-polar), 88k ohm input impedance, 11 bit plus sign.
Analog inputs shall be user programmable for a variety of uses including frequency command and process loop input.  Analog inputs shall be user programmable for function scaling (including invert), offset, signal loss detect and square root.
Analog Outputs:
Quantity one (1) or two (2) ±10V (bi-polar) / 11 bit & sign, 2 k ☐ minimum load, 4-20 mA, 11 bit plus sign, 400 ☐ maximum load.
The analog output shall be user programmable to be proportional to one of fourteen process parameters including output frequency, output current, encoder feedback, output power.  
Programming shall be available to select either absolute or signed values of these parameters.
Digital Inputs:
Quantity  three (3) or six (6) digital inputs rated 24V DC/115V AC.
All inputs shall be individually programmable for multiple functions including: Start, Run, Stop, Auxiliary Fault, Speed Select, Jog and Process PI functions.
A single safety input (ATEX) shall be a configurable option for a thermostat or PTC temperature sensor.
Digital Outputs:
At a minimum  one (1) relay output (N.O. or  N.C.).
For 240V AC or 24V DC, N.O. contact output ratings shall be 2 amp max., general purpose (inductive)/resistive. N.C. contact output ratings shall be 2 amp max., resistive only.
Relays shall be programmable to multiple conditions including: Fault, Alarm, At Speed, Drive Ready and PI Excess Error.
Timers shall be available for each output to control the amount of time, after the occurring event, that the output relay actually changes state.
Transistor outputs are available in quantities varying from zero (0) to two (2).
For 24V DC, transistor output rating shall be 1 amp max, Resistive.
Reference Signals
The drive shall be capable of using the following input reference signals:
Analog inputs
Preset speeds
Remote potentiometer
Digital MOP
Human Interface Module
Communication modules
Loss of Reference
The drive shall be capable of sensing reference loss conditions.
In the event of loss of the reference signal, the drive shall be user programmable to the following:
Fault the drive and coast to stop.
Issue a minor fault - allows the drive to continue running while some types of faults are present.
Alarm and maintain last reference.
The communications adapter shall have these configurable responses to network disruptions and controller idle (fault or program) conditions:
Fault
Stop
Zero Data
Hold Last State
Metering
At a minimum, the following parameters shall be accessible through the Human Interface Module, if installed:
Output Current in Amps 
Output Voltage in Volts
Output Power in kW
Elapsed MWh
Frequency
Heatsink Temperature
Last eight (32) faults
Elapsed Run Time
SGCT Temperature
Faults
At a minimum, the following faults shall be accessible through the Human Interface Module:
Power Loss
Undervoltage
Overvoltage
Motor Overload
Heat Sink Over-temperature
Maximum Retries
Phase to Phase and Phase to Ground Faults
Real-Time Clock
Shall be capable of providing time stamped events.
Shall have the ability to be set locally or via a remote controller.
Shall provide the ability to be programmable for month, day, year and local time zones in HH:MM:SS.
System Components
The variable frequency drive (VFD) system shall include the drive unit and integrated main components:
Enclosures
Cabling
Active Front End Rectifier (PWM Converter)
PWM Inverter
Cooling System
Auxiliary Relays
Output filtering
Monitoring Hardware
Motor Heater Control
Human Interface
Input Contactor with Disconnect
The VFD system shall be designed for:
Minimum availability of 99.9%.
Mean Time Between Failures (MTBF) of 100,000 hours.
Minimum life expectancy of 20 years.
*********************************************************************************************
NTS: Edit or delete paragraph “D.”, below, when Project requirements do not include harmonic mitigation.
*********************************************************************************************
Active Front End (AFE) Rectifier
The VFD system shall have an AFE rectifier to ensure dramatically lower line-side harmonics and near-unity power factor.
Symmetrical Gate Commutated Thyristors (SGCTs) shall be used in the rectifier.
PWM Inverter
The VFD system shall use Pulse Width Modulated (PWM) power modules. SGCTs in the inverter switches allow higher switching frequencies and minimize switching losses.
6500V Peak Inverse Voltage (PIV) rated devices with double-sided cooling and integral gate driver card shall be used to minimize complexity and component count.
Failed power switch components (SGCTs) shall be replaceable without removal of the entire power module. Special tools or force measuring transducers shall not be required. Failed power switch components shall be replaceable in less than 5 minutes. Power cells shall weigh less than 50 lbs.
Cooling System
Air-cooled VFDs shall be provided with a single, mixed flow cooling fan, mounted integral to the VFD enclosure.
The VFD shall include air flow pressure switches and temperature detectors to monitor proper operation of the air cooling system.
If a fan fails, the system shall generate alarm indication of the fan failure.
Auxiliary Relays
Relays shall be available for:
Drive Alarm, Drive Fault, Drive Run , Drive Ready and System Status Faults as required.
2 additional relays to be provided and wired per Owner’s requirements.
The relays shall be Allen-Bradley 700CF relays (2 form C contacts, 2N.O. & 2N.C.). The relay contacts shall be rated for 115 VAC/30 VDC, 5.0 A resistive, 5.0 A inductive.
Output Filtering
If an output filter is required to mitigate reflected waves, or to meet any special requirements of the application, it shall be integral to the VFD controller.
Monitoring Hardware
The VFD shall provide a control power monitoring system for all power supply voltages and signals.
A diagnostic feedback system shall allow constant control of the device as well as constant monitoring of device health and temperature feedback. Fiber optic interface boards shall be used to provide gating and diagnostic feedback signals for power semiconductor devices.
High speed digital control systems shall continuously monitor all hardware and software faults including sensing of all power circuit voltage and currents as well as any internal equipment faults. Field programmable gate arrays (FPGA) shall be utilized on drive control boards to provide high speed handling of diagnostics and fault handling routines.
Interfaces shall be provided to interact with motor protection as stated in the motor specification.
*********************************************************************************************
NTS: Edit or delete paragraph “5.”, below, when Project does not require.
*********************************************************************************************
A door-mounted motor temperature monitor/controller shall be provided.
The module shall be TecSystem model T-538 and shall monitor up to eight (8), three (3) wire RTD inputs.
The module shall monitor the quantity and type of RTDs specified in the motor specification.
OPERATION FEATURES
The variable frequency drive (VFD) shall be capable of operating a standard AC squirrel cage induction motor (standard AC synchronous motor or standard AC wound rotor induction motor) of equivalent power and speed rating over the speed range specified, with:
Near sinusoidal voltage and current waveforms provided to the motor at all speeds and loads.
Output current Total Harmonic Distortion (THD) shall be less than 5%.
Motors shall not require de-rating or upgraded turn-to-turn insulation and shall not require additional service factor.  No compromising of the motor insulation thermally or due to dv/dt stress.
Stable operation of the motor shall be provided with motor cable distances that exceed 150 m (500 ft).
Dv/dt at the motor terminals (line-to-line) shall comply with IEC Technical Specification 60034-17 – Rotating Electrical Machines Part 17, Cage Induction Motors When Fed from Converters.
VFD-induced torque pulsations to the output shaft of the mechanical system at less than 1%, to minimize the possibility of exciting a resonance.
Elimination of potential harmonic resonance in the operating speed range via selective harmonic elimination (SHE) switching technique.
The VFD shall be capable of producing a variable voltage and variable frequency output to provide continuous operation over the speed range specified.
The VFD shall be capable of operating with the output short circuited at full current.
The VFD system shall provide controlled speed over the range specified. Speed accuracy within this range, expressed as a percent of top speed, shall be within 0.1% of base speed without encoder or pulse tachometer feedback (0.01% with encoder or pulse tachometer feedback).
The VFD shall be capable of 100% breakaway torque without tachometer feedback.
The VFD shall have a “normal duty” rating of 100% continuous current with a short-time duty rating of 110% overload for one minute, once every 10 minutes (suitable for variable torque loads).
The VFD shall be capable of regenerative motor braking for high inertia loads.
CONFIGURATION/PROGRAMMING
The variable frequency drive (VFD) shall be configurable using:
The HIM’s keypad and display.
Connected Component Workbench (CCW) software.
Studio 5000™ Logix Designer – This software, a single development environment for the entire control system, includes add-on profiles which minimize the need to individually program the required parameters and tags. (Available to VFDs on EtherNet/IP or ControlNet.)
Autogeneration of descriptive tag names and respective tag data types.
Wizards available to walk through configuration.
Copy and paste function to easily duplicate VFDs.
Single development environment – minimizes errors associated with multiple software tools.
Configuring entire system from one environment – minimizes I/O mismatch errors.With Studio 5000 software,
VFD configuration settings shall be stored in the project file and embedded in the control system’s PACs. This VFD I/O packet shall consist of:
VFD status and feedback, command and reference.
At least 8 data words of inputs and 8 data words of outputs that can be  configured to access any parameter.
COMMUNICATIONS
The variable frequency drive (VFD) shall be capable of communications through standard protocols. EtherNet/IP shall be the preferred network.
Through a module, the EtherNet/IP network is supported.
Through other option modules and adapters, the VFD shall also support:
Modbus/TCP
Modbus RTU
The VFD shall be able to communicate with at least 2 networks at the same time (as required).
VFD communications adapters shall have individually selectable fault actions in the case of a communications loss.
CONTROL FEATURES
The variable frequency drive (VFD) shall utilize:
Digital sensorless direct vector control
The VFD shall have an auto tuning function, capable of being disabled and programmable for:
Commutation inductance.
DC link time constant.
Motor stator resistance.
Motor leakage inductance.
Flux regulator.
Total inertia.
The VFD shall offer 2 starting modes:
S-Curve Profile, consisting of both nonlinear and linear portions, programmable to:
Specify the duration that the drive is ramping in the non-linear portion.
Define the total time to accelerate to rated speed in S-Curve.
Ramp Mode with 4 ramp speed break points and programmable:
Acceleration and deceleration times.
Ramp start delay.
The VFD shall have 3 stop modes:
Ramp Mode – programmable with four deceleration times.
Coast Mode – programmable to specify the speed at which the drive shuts off and coasts when stopping.
Regen Mode.
The VFD shall be capable of automatically restarting in the event of a momentary loss of power. The automatic restart delay shall be adjustable in a range of 0-10 seconds. 
The VFD shall be capable of flying re-start — restarting and taking control of a motor attached to a spinning load in the forward or reverse direction.
The VFD shall have 3 preset speeds, programmable between 0.5 and 75.0 Hz.
The VFD shall have 3 skip speeds, programmable between 1.0 and 75.0 Hz with a programmable bandwidth between 0.0 and 5.0 Hz.
The VFD shall be capable of riding through a loss of power of 5 cycles and capable of operating with a 30% voltage sag on the input power line.
The motor shall not be allowed to reach a pull out condition.
A UPS shall be supplied inside the VFD controller for an extended ride-through of up to 2 minutes.
The VFD shall be capable of displaying metered values for the motor and shall be capable of assigning them to analog output. Metered values shall include:
Root Mean Square value of the motor current
Root Mean Square value of the motor terminal voltage
Motor output power in kilowatts
Motor speed in revolutions per minute
The response of the VFD to a loss of load condition shall be programmable to disable, warn or fault.
Fault classes shall be programmable to disable the fault input, shut down the drive immediately, perform a controlled shutdown or display a warning. Fault classes shall define:
Drive input protection.
Rectifier magnetic protection.
DC link protection.
Motor protection.
Auxiliary trip.
External fault.
The VFD shall have fault and warning masks.
CONTROL I/O
The variable frequency drive (VFD) shall have isolated analog and digital interfaces.
Analog interfaces shall be configurable for:
Speed reference input (4-20 mA input signal).
Speed output (4-20 mA output signal).
Digital interfaces shall be rated 12 to 260 VAC/VDC. The VFD shall have available as standard:
16 isolated digital inputs.
16 isolated digital outputs.
PROTECTION FEATURES
The variable frequency drive (VFD) fault information shall be accessible through the Human Interface.
The VFD shall have the following minimum line side protective features:
Line current unbalance trip with programmable delay.
Line overcurrent trip with programmable delay.
Line overload warning and trip with programmable delay.
Line overvoltage trip with programmable delay.
Line undervoltage trip with programmable delay.
Line voltage unbalance trip with programmable delay.
Ground fault overvoltage trip with programmable delay.
Ground fault overcurrent trip with programmable delay.
The VFD shall have the following minimum system level protective features:
DC overcurrent trip with programmable delay.
DC overvoltage trip with programmable delay.
Rectifier heatsink temperature warning and trip.
Cabinet temperature warning and trip.
Inverter heatsink temperature warning and trip.
Control power warning and fault.
Adapter (communication port) loss warning and fault.
XIO adapter loss.
The VFD shall have the following minimum load side protective features:
Ground fault overvoltage trip with programmable delay.
Ground fault overcurrent trip with programmable delay.
Machine side DC link overvoltage trip with programmable delay.
Motor overcurrent trip with programmable delay.
Motor overload warning and trip with programmable delay.
Motor overvoltage trip with programmable delay.
Motor stall delay.
Motor overspeed trip with programmable delay.
Motor flux unbalance trip with programmable delay.
Motor current unbalance trip with programmable delay.
Load loss level, speed and programmable delay.
VFD PACKAGED SYSTEM
Features
Ratings
Voltage for Power Flex 7000
Capable of accepting nominal plant power of 2400, 3300, 4160 or 6600V AC at 50/60Hz.
The supply input voltage tolerance shall be ± 10% of nominal line voltage.
The VFD shall have a single power source, of primary voltage. All fan and control power required shall be internally derived from this primary voltage source within the VFD.
Displacement Power Factor for PowerFlex 7000
VFD shall be capable of maintaining a minimum true power factor (Displacement P.F. X Distortion P.F.) of 0.98 from 60-100% rated load.
Efficiency
A minimum of 96% at 100% speed and 100% motor load at nominal line voltage. 
Control power supplies, control circuits, and cooling components shall be included in all loss calculations.
The VFD shall have an output frequency range of 0.2 to 75 Hz (0.2 to 85 Hz optional).
Operating ambient temperature range without derating: 0 °C to 40 °C (32 °F to 104 °F)
Operating relative humidity range shall be 0% to 95% non-condensing.
Operating elevation shall be up to 1000 meters (3,300 ft) without derating.
Sizing
Systems rated at Normal Duty loads shall provide 110% overload capability for up to one minute, every 10 minutes.
Systems rated at Heavy Duty loads shall provide 150% overload capability for up to one minute, every 10 minutes.
Auto Reset/Run
For faults other than those caused by a loss of power or any other non-critical fault, the drive system shall provide a means to automatically clear the fault and resume operation.
Ride-Through
The VFD system shall attempt to ride through power dips lasting up to ten (10) seconds. The duration of ride-through shall be inversely proportional to load. For outages greater than ten (10) seconds, the drive shall stop the motor and issue a power loss alarm signal to a process controller, which may be forwarded to an external alarm signaling device.
Run on Power Up
The VFD system shall provide circuitry to allow for remote restart of equipment after a power outage. Unless indicated in the contact drawings, faults due to power outages shall be remotely resettable. The VFD system shall indicate a loss of power to a process controller, which may be forwarded to an external alarm signaling device. Upon indication of power restoration the process controller will attempt to clear any faults and issue a run command, if desired.
Enclosure Door Mounted Human Interface Module (HIM)
VFD shall provide a HIM with integral LCD display, operating keys and programming keys.
An enclosure door-mounted HIM, rated NEMA 12, shall be provided.
A VFD-mounted HIM, rated NEMA/UL Type 1, shallbbe provided and shall be capable of connecting via a separate cable for use as a handheld terminal.
The HIM shall have the following features:
A seven (7) line by twenty-one (21) character backlit LCD display with graphics capability.
Shall indicate drive operating conditions, adjustments and fault indications.
Shall be configured to display in the following three distinct zones:
The top zone shall display the status of direction, drive condition, fault / alarm conditions and Auto / Manual mode.
The middle zone shall display drive output frequency.
The bottom zone shall be configurable as a display for either programming menus / information or as a two-line user display for two additional values utilizing scaled units.
Shall provide digital speed control.
The keypad shall include programming keys, drive operating keys (Start, Stop, Direction, Jog and Speed Control), and numeric keys for direct entry.
Enclosures
Air-cooled VFD enclosures shall be Type 12 – with forced ventilation (IP42).
Door vents shall consist of louver-panel assemblies that can be removed from the front in order to replace air filters. Safety screens shall be located behind each louver-panel.
Cabinets and doors shall be fabricated using minimum 12 gauge (2.64 mm thick) steel for sturdy construction. All doors shall be gasketed to provide environmental protection and secure fits.
Door latches shall be heavy-duty 1/4-turn type units which are operated with an Allen wrench.
The converter cabinet door and cabling cabinet door shall be interlocked with up-stream isolators or breakers with a key lock. Interlocking shall be fully coordinated to prevent access to all medium voltage compartments.
The VFD system shall be designed for front access to allow for installation with no rear access.
Total paint thickness for VFD enclosure finish shall be 0.002" (0.051 mm) minimum.
Exterior metal parts shall be painted with hybrid epoxy powder paint.
Metal back plates in the power cell and low voltage compartments shall be painted high gloss white for high visibility.
Unpainted steel parts shall be plated with zinc plate/bronze chromate process for corrosion resistance.
Shall provide entry and exit locations for power cables.
Shall contain a label for UL508.
The drive system nameplate shall be marked with system Short Circuit Current Rating (SCCR).
Drive Enclosure Input Disconnect
Provide an enclosure door interlocked disconnect with contactor. 
Operator Handles
Provide externally operated main disconnect handle.
Handles shall be lockable with up to three lockout / tagout padlock positions.
Branch Circuit Protection
Fuse Contactor shall be provided.
*********************************************************************************************
NTS: Edit or delete paragraph “E.”, below, when Project does not require.
*********************************************************************************************
Bypass 
Manual Bypass Option:
Shall provide a means to manually switch a single motor from drive control to bypass (across the line operation).
Shall provide separate drive output and bypass contactors. The contactors shall be electrically and mechanically interlocked.
Shall provide a Drive/Off/Bypass selector switch, mounted on the enclosure door, for selection of Drive and Bypass modes of operation.
Provide a Class 10 overload for motor protection while operating in the bypass mode.
Automatic Bypass Option:
Shall provide a means to automatically (upon a drive fault) switch a single motor from drive control to bypass (across the line operation).
Shall provide separate drive output and bypass contactors. The contactors shall be electrically and mechanically interlocked.
Shall provide a Drive/Off/Bypass selector switch, mounted on the enclosure door, for selection of Drive and Bypass modes of operation.
Shall provide an Auto Bypass/Off/On selector switch, mounted on the enclosure door, for selection of Auto Bypass mode of operation.
Provide a Class 10 overload for motor protection while operating in the bypass mode.
SMC Flex / Pump Option Bypass:
Shall provide a means to switch a single motor from drive control to bypass via a soft start (across the line operation).
Shall provide separate drive output and bypass contactors. The contactors shall be electrically and mechanically interlocked.
Shall provide a Drive/Off/Bypass selector switch, mounted on the enclosure door, for selection of Drive and Bypass modes of operation.
Provide a Class 20/30 overload for motor protection while operating in the bypass mode.
Shall provide smooth deceleration when stopping in bypass mode.
Shall provide a door-mounted HIM.
Shall provide bypass fusing on input of RVSS bypass unit.
Control Power Transformer
Provide a control power transformer mounted and wired inside of the drive system enclosure.
The transformer shall be rated for the VFD power requirements.
Auxiliary Relays
Provide relays for Drive Alarm, Drive Fault, Drive Run, and System Status Faults (as required).
The relays shall be Allen-Bradley 700-HC (2 N.O. & 2 N.C.). The relay contacts shall be rated for 115V AC/30V DC, 5.0 amp resistive, 2.5 amp inductive.
Control Interface
The control terminals shall be rated for 115V AC.
The control interface shall provide input terminals for access to VFD functions that include start, stop, external fault, speed select, and enable, as required.
*********************************************************************************************
NTS: Edit or delete paragraph “I.”, below, when Project does not require.
*********************************************************************************************
Motor Heater Control
The drive system shall provide the drive control circuitry to energize an existing motor heater whenever the motor is not running via remote power.
The heater control shall be interlocked with the drive and/or bypass and shall be energized whenever the motor is not running. The source shall be remotely provided.
A pilot light with LED (Allen-Bradley Bulletin 800T (30mm) NEMA Type 4/13 shall be mounted on the drive system enclosure door for indication of Motor Heater On.
Local-Off-Remote Selector Switch
Provide a "Local-Off-Remote" selector switch, mounted on the enclosure door.
The "Local-Off-Remote" selector switch shall use the HIM device to operate the drive in the “Local” mode and stop the drive in the “Off” mode.
In the “Remote” mode the drive shall be started and stopped from a remote “RUN” contact.
In all modes, Auxiliary and Enable inputs to the drive control interface board must be present before the drive will start.
When a HIM is present, the stop function shall always be available to stop the drive regardless of the selected mode (“Local” or “Remote”). The HIM will be non-functional (except for the display and programming) when the switch is in “Off” mode. The HIM shall stop the drive if the switch is in the “Remote” mode with the remote start contact initiated.
The drive speed reference shall be controlled from the HIM, unless a separate door-mounted potentiometer is provided, when in “Local” mode (factory default setting).
The PowerFlex 7000 drive shall have the capability of smoothly transferring from the automatic speed reference to the manual speed reference on the HIM, without deviation in the speed reference. 
The drive speed reference shall be controlled by a remote 4…20 mA input when in “Auto” mode.
The device shall be an Allen-Bradley Bulletin 800T (30mm). NEMA Type 4/13, mounted on the drive system enclosure door.	
Drive Disable Mushroom Push Button
Provide a maintained mushroom style push button, mounted on the enclosure door that when pushed, will open the drive enable input.
The device shall be an Allen-Bradley Bulletin 800T-N310 (30mm). NEMA Type 4/13, mounted on the drive system enclosure door.
Drive Disable Mushroom Push Button shall be protected by an extended guard ring. (Insert part # here)
Pilot Lights
Provide LED pilot lights, mounted on the enclosure door, for indication of the following status:
Run (Red)
Drive Fault (Amber)
Control Power On (Red)
Motor Fault (Amber)
The device shall be an Allen-Bradley Bulletin 800T (30mm), NEMA Type 4/13, mounted on the drive system enclosure door.
Pilot lights shall be push-to-test type, typical.
Motor Run Time Meter
Provide a digital, non-resettable, door-mounted elapsed time meter.
The meter shall be electrically interlocked with the Drive Run relay and Bypass contactor to indicate actual motor operating hours.
*********************************************************************************************
NTS: Edit or delete paragraph “2.10”, below, when Project does not require.
*********************************************************************************************
POWER METER
VFD Drive manufacturer shall provide power meter per Electrical Power Monitoring, Section 26 09 13.
WIRING AND DEVICE IDENTIFICATION:
Provide control wiring and device identification per Identification for Electrical Systems, Section 26 05 53. 
SOURCE QUALITY CONTROL
*********************************************************************************************
NTS: Factory tests specified in paragraph “A”, below, are standard, non-witnessed tests.  When witness tests are required, edit this section as required.  Coordinate witness testing with project requirements and the driven equipment specified in other sections.
*********************************************************************************************
Tests:
VFD Drive Manufacturer shall update to latest firmware prior to performing testing that is listed below.
Perform factory tests on each medium-voltage variable frequency drive prior to shipping.  Tests shall consist of simulating expected load to be driven by operating load through speed ranges specified for driven equipment, for minimum of two hours per drive unit.
Provide factory control and alarm tests on each drive unit by simulating each control signal and each alarm function to verify proper and correct drive unit action.
Perform specified tests in addition to standard factory tests typically performed.
EXECUTION
EXAMINATION
Verify that the location is ready to receive equipment.
Verify that the building environment can be maintained within the service conditions required by the VFD manufacturer.
INSTALLATION
Install equipment in accordance with manufacturer’s recommendations and instructions and in conformance with Laws and Regulations, and the Contract Documents.
Unless otherwise shown or indicated, install equipment on concrete bases.
Install equipment with sufficient access and working space provided for ready and safe operation and maintenance.
VFD shall be installed a minimum of two (2) inches from wall, switchgear, equipment, etc.
Install all terminations, lugs, and required appurtenances necessary to properly terminate power supplies.
Install control wiring terminations and appurtenances necessary to complete installing control and monitoring devices.
Immediately prior to Substantial Completion, replace all enclosure filters and frames provided under this Contract with new filters and frames, except expanded metal filter types.  Immediately prior to Substantial Completion, clean expanded metal filters.  
MANUFACTURER TESTING AND INSPECTION
Standard Testing
The following tests shall be carried out in accordance with applicable requirements and/or specifications of Canadian Standards Association (CSA), Underwriters Laboratories (cULus), National Electrical Manufacturers Association (NEMA), European Standard (EN) and International Electrotechnical Commission (IEC).
Functional checks shall be performed wherever possible; otherwise, inspection and continuity checks shall be made.
A “HI-POT” dielectric withstand test shall be performed on all buswork and cables from phase-to-phase and phase-to-ground (except solid-state components, low voltage controls and instrument transformers). The voltage level used for this test depends on the product’s nominal AC voltage.  
Component devices shall be functionally operated in circuits as shown on electrical diagrams or as called for by specific test instructions.
Instruments, meters, protective devices and associated controls shall be functionally tested by applying the specified control signals, current and/or voltages.
Medium Voltage Drives shall be inspected for the following:
Control Power Failure Test
Rectifier Gating Checks
Inverter Gating Checks
Line Converter Tests
Machine Converter Tests
Load Tests
Cycle Testing
Drives shall be accelerated to the test motor’s nominal frequency, under load on a dynamometer.
Drives shall be decelerated to 10 Hz and then accelerated back to test motor’s nominal frequency with a ramp time of approximately ten seconds.
This cycle shall be repeated continuously for up to one hour.
Load Testing – Drives shall be tested under full load at the test motor’s nominal frequency on a dynamometer. Testing on load banks not acceptable.
START-UP SERVICE
At a minimum, the start-up service shall include:
Pre-power check:
Inspect the drive’s mechanical and electrical devices.
Tug test internal connections and verify wiring.
Verify critical mechanical connections for proper torque.
Verify and adjust mechanical interlocks.
Check all sectional wiring.
Verify control wiring from external devices.
Set up all internal power supplies and thyristor control circuits.
Verify phasing to drive.
Check cabling from drive.
Megger motor resistances; Phase to Phase and Phase to Ground.
Latest firmwire is to be installed and tested.
Drive power-up and commissioning:
Apply medium voltage to the drive and perform operational checks.
Measure incoming power phase-to-phase and phase-to-ground
Measure DC bus voltage
Measure AC current unloaded and loaded
Measure output voltage phase-to-phase and phase-to-ground
Verify input reference signal
Bump motor and tune drive to system attributes.
Run the drive motor system throughout the operational range to verify proper performance.
Drive parameter listing shall be provided.
Communication adapter parameters shall be provided.
All measurements shall be recorded.
Drive parameter listing shall be provided.
Provide copy of Field Start Up Report to Engineer.
A minimum of 32 hours, over a maximum of 4 days, of on-site start-up service for each VFD shall be provided.
SPARE MATERIALS
The following spare parts shall be furnished for each size drive:
Three of each type power and control fuse.
Two power module SGCTs or 20%, whichever is greater.
Two spare LEDs of each type used.
Two spare control relays of each type used.
Two sets of all replacement air filters.
One set of all control printed circuit boards.
FIELD QUALITY CONTROL
Site Tests:
After installation, inspect, adjust, and test new medium-voltage variable frequency drive at the Site.  Testing and inspection shall be in accordance with manufacturer’s recommendations and be performed by manufacturer’s factory-trained representative.  Through Contractor, manufacturer’s factory-trained representative shall inform Owner and ENGINEER when equipment is correctly installed and ready to be energized.  Do not energize equipment without permission of Owner.
Perform the following equipment inspection and testing and provide reports documenting procedures and results.
Verify all device settings and drive adjustments.
Inspect all mechanical and electrical interlocks and controls for proper operation.
Test each drive through specified speed ranges and loads for a minimum of two hours per drive unit.
Test each drive by using actual control signal for remote and local operation.
Test each drive alarm function.
Perform other tests recommended by equipment manufacturer.
Manufacturer Services:
Post-installation Check: Manufacturer’s factory-trained representative shall check and approve the installed equipment before initial operation.  Manufacturer shall calibrate, set and program low-voltage variable frequency drives provided. 
Representative shall revisit the Site as often as necessary until all deficiencies are corrected, prior to readiness for final payment.
Provide services of manufacturer’s factory-trained representatives to correct defective Work within 72 hours of notification by Owner during the correction period specified in the General Conditions as may be amended by the Supplementary Conditions.
Replacement parts or equipment provided during the correction period shall be equal to or better than original.
Training: Provide services of qualified factory trained specialists from manufacturer to instruct Owner’s operations and maintenance personnel in recommended operation and maintenance of equipment.  Training requirements, duration of instruction, and other qualifications shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
ADJUSTING
Immediately prior to Substantial Completion, when testing is acceptably completed and medium-voltage variable frequency drives are operating, manufacturer’s representative shall return to the Site and make final adjustments as required to each variable frequency drive furnished under this Section.
+ + END OF SECTION + +
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LOW-VOLTAGE TRANSFORMERS
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment and incidentals as shown, specified, and required to furnish and install dry type low-voltage distribution transformers.  
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 03 30 00, Cast-in place Concrete.
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 26, Grounding and Bonding for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
Standards referenced in this Section are:
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
ANSI C57.12.28., Requirements for Pad-Mounted Equipment
ANSI C57.12.91., Power Transformer
DOE 2016 Efficiency Standards: Low Voltage Distribution Transformers 
IEEE C2, Safety Code
NEC 450, Transformers and Transformer Vaults
NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum)
NEMA ST-20, Dry Type Transformers for General Applications.
NEMA TP-2, Standard Test Method for Measuring the Energy Consumption for Distribution Transformers.
UL 506, Standard for Safety for Specialty Transformers
UL 1561, Dry Type General Purpose and Power Transformers.
QUALITY ASSURANCE
Regulatory Requirements:
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
NEC Article 450, Transformers and Transformer Vault (Including Secondary Ties).
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70. 
Comply with IEEE C2.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals: Submit the following:
Product Data 
Low Voltage Transformers Product Data
Submit information for transformers proposed for use.
Include data on features, components, ratings, and performance for each type of transformer specified. 
Include dimensioned plans, sections, and elevation views. 
Show minimum clearances and installed devices and features.
Shop Drawings 
Schedule of Low Voltage Transformers
Submit schedule of transformers to be furnished with ratings and other required technical data.
Low Voltage Transformer Locations
 Include proposed location for each transformer, including pad layout, dimensions, and appurtenances.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals (NOT USED)
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
Low-Voltage Transformers Operation and Maintenance Data
In accordance with Section 01 78 23.
Include acceptable test reports, maintenance data and schedules, and wiring diagrams.
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)
DELIVERY, STORAGE, AND HANDLING
Temporary Heating: Apply temporary heat according to manufacturer's written instructions within enclosure of each ventilated-type unit throughout periods during which equipment is not energized and is not in space that is continuously under normal control of temperature and humidity.
Delivery, storage, and handling shall comply with manufacturer’s recommendations.
PRODUCTS
MATERIALS
Transformers,  General Requirements
Factory-assembled and -tested, air-cooled units of types specified, designed for 60 Hz service.
Cores: Grain-oriented, non-aging silicon steel.
*********************************************************************************************
NTS: Retain correct winding material and delete the remaining material.
*********************************************************************************************
Coils: Continuous aluminum or copper windings without splices, except for taps.
Internal Coil Connections: Brazed or pressure type.
Enclosure: Class complies with NEMA 250 for environment in which installed.
Wall-Mounting Brackets: Manufacturer's standard brackets for transformers up to 75 kVA.
Dry Type Two-Winding Transformer Requirements:
Type: Dry type, air cooled, low temperature rise.  Transformers 15 kVA and larger shall be energy efficient, complying with NEMA TP-1 Class 1 efficiency levels.  Transformers less than 15 kVA shall be general purpose.
Rating: KVA, primary voltage and connection, secondary voltage and connection, frequency and number of phases shall be as shown on the Drawings.
Insulation: Insulation and average winding temperature rise (in a 40 degree C maximum ambient) for rated kVA per the following table.  Energy efficient transformers shall be capable of 15 percent continuous overload at 150 degrees C temperature rise.
	kVA Rating
	Insulation Class
(degrees C)
	Temperature Rise
(degrees C)

	1 to 15 kVA
	185
	115

	25 to 500 kVA
	220
	115


Winding Taps, Transformers 15 kVA and Less: Two 5-percent below rated voltage, full capacity taps on primary winding.
Winding Taps, Transformers 25 kVA and Larger: Two 2-1/2-percent above rated voltage and four 2-1/2+ percent below rated voltage, full capacity taps on primary.
Basic impulse level shall be 10 kV.
Sound Level: NEMA ST-20 standard.
Enclosure: UL listed for the application.
Identification: Identify transformers in accordance with Section 26 05 53, Identification for Electrical Systems, with the transformer number and voltages, connection data, kVA ratings, impedance, and overload capacity.
Transformers shall comply with NEMA ST-20, DOE 2016, NEMA TP-2, and UL 1561.
Transformers shall bear the label of the Underwriters’ Laboratories, Inc.
Non-Linear Load, K Factor Rated Transformer Requirements:
*********************************************************************************************
NTS: Designate non-linear load transformers on drawings by adding “K-factor rated” to kVA and voltage ratings.  Edit the K factor specified below to suit Project.
*********************************************************************************************
K Factor rated transformers shall meet the requirements specified in this Section for dry-type two-winding transformers and, in addition, the following:
Type: 100 percent non-linear rated, specifically designed to handle non-linear loads with double size neutral.  Transformer shall include an electrostatic shield grounded to the transformer core.
UL K Factor: K = 13.
Impedance: Three percent minimum, five percent maximum.
Dry Type Buck and Boost Transformer Requirements:
Units comply with NEMA ST 1 and are listed and labeled as complying with UL 506 or UL 1561.
Self-cooled dry type, rated for continuous duty, and connected as autotransformers to provide percentage of buck or boost indicated.
Insulation and average winding temperature rise for rated kVA as follows:
	kVA Rating
	Insulation Class
(degree C)
	Temperature Rise
(degree C)

	0.25 to 2 kVA
	185
	115

	3 to 7.5 kVA
	185
	115


Dry Type Shielded Isolation Transformer Requirements:
Shielded isolation transformers shall meet the requirements specified in this Section for dry-type two-winding transformers, except as specified below:
Transformers shall be provided with quality, full width electrostatic shields in a maximum effective coupling capacitance between primary and secondary of 33 picofarads.  With transformers connected under normal, loaded operating conditions, the attenuation of line noise and transients shall equal or exceed the limits listed in the table in Paragraph 2.1.D.1.b of this Section:.
Common mode noise attenuation:
	Frequency
	Attenuation

	0 to 1.5k Hz
	120 db

	1.5 k Hz to 10k Hz
	90 db

	10 k Hz to 100k Hz
	65 db

	100 k Hz to 1M Hz
	40 db


Transverse mode noise attenuation:
	Frequency
	Attenuation

	1.5 to 10k Hz
	52 kb

	10 to 100k Hz
	30 db

	100k to 1M Hz
	30 db


Provide electrostatic shield between the primary and secondary winding and grounded to the transformer core.
Isolate core and coil from enclosure using vibration absorbing mounts.
Control And Signal Transformer Requirements:
Units comply with NEMA ST 1 and are listed and labeled as complying with UL 506.
Ratings: Continuous duty. If rating is not indicated, provide capacity exceeding peak load by 50% minimum.
Self-cooled, 2 windings.
FINISHES
Indoor Units: Manufacturer's standard paint over corrosion-resistant pretreatment and primer.
Outdoor Units: Comply with ANSI C57.12.28.
SOURCE QUALITY CONTROL
Factory Tests: Design and routine tests shall comply with referenced standards.
EXECUTION
INSPECTION
Examine the conditions under which the dry type transformers are to be installed and notify Engineer in writing of conditions detrimental to the proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions have been corrected.
INSTALLATION
Install transformers on walls or floors at locations shown.  Install floor mounted transformers on 3 ½” raised concrete base. Base shall include #4 rebar on 12 inch centers in each direction. Provide sufficient access and working space for convenient and safe operation and maintenance.
Mount transformers so that vibrations are not transmitted to the building structural parts and other equipment.  Make connections to transformers with flexible conduit.
Adjust tap settings to provide proper voltage at panelboards.
Install dry type transformers in conformance with governing codes and manufacturer’s instructions and recommendations, and the Contract Documents.
Comply with safety requirements of IEEE C2.
GROUNDING
Comply with NFPA 70 requirements separately derived systems for connecting to grounding electrodes and for bonding to metallic piping near transformer.
Comply with Section 26 05 26 for materials and installation requirements.
CLEANING
On completion of installation, inspect components. Remove paint splatters and other spots, dirt, and debris. Repair scratches and mars on finish to match original finish. Clean components internally using methods and materials recommended by manufacturer.
TESTING
Testing:  Perform field quality-control testing.
Test Objectives: To ensure transformer is operational within industry and manufacturer's tolerances, is installed according to Contract Documents, and is suitable for energizing.
Report:  Submit written report of observations and tests.  Report defective materials and installation.
Tests:  Include following minimum inspections and tests according to manufacturer's written instructions.  Comply with IEEE C57.12.91 for test methods and data correction factors.
Inspect accessible components for cleanliness, mechanical and electrical integrity, and damage or deterioration.  Verify that temporary shipping bracing has been removed.  Include internal inspection through access panels and covers.
Inspect bolted electrical connections for tightness according to manufacturer's published torque values or, if not available, those specified in UL 486A.
Insulation Resistance:  Perform megohmmeter tests of primary and secondary winding to winding and winding to ground.
Minimum Test Voltage:  1000 V, dc.
Minimum Insulation Resistance:  500 megohms.
Duration of Each Test:  10 min.
Temperature Correction: Correct results for test temperature deviation from 20°C standard.
Test Failures: Compare test results with specified performance or manufacturer's data. Correct deficiencies identified by tests and retest.  Verify that transformers meet specified requirements.
ADJUSTING
After installing and cleaning, touch up scratches and mars on finish to match original finish.
Adjust transformer taps and connections to provide optimum voltage conditions at utilization equipment throughout normal operating cycle of facility. Record primary and secondary voltages and tap settings or connections and submit with test results.
+ + END OF SECTION + +
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SWITCHBOARDS
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, services, and incidentals as shown, specified, and required to furnish and install switchboards.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.  
*********************************************************************************************
Section 03 30 00, Cast-in-place Concrete.
Section 26 05 05, General Provisions for Electrical Systems
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 73, Electrical Power Distribution System Studies.
Section 26 09 13, Electrical Power Monitoring
Section 26 43 00, Surge Protective Devices.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
NEC Article 408, Switchboards and Panelboards.
NEMA PB2, Dead-Front Distribution Switchboards.
NFPA 70E, Electrical Safety in the Workplace
UL 891, Dead-Front Switchboards.
COORDINATION
Coordinate layout and installation of switchboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.  Maintain required workspace clearances and required clearances for equipment access doors and panels.
Equipment deviating from basis of design shall fit within design footprint.
Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.

*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS 
Action Submittals. Submit the following:
Product Data 
Manufacturer’s Technical Information
Include manufacturer’s technical information, including catalog information.
Include manufacturer's technical specifications with assembly and component ratings.
Time Current Curves for Protective Devices
Shop Drawings
Switchboard – Shop Drawings
Manufacturer’s technical information, including catalog information.
Manufacturer's technical specifications with assembly and component ratings.
Time current curves for protective devices.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates 
Switchboard – Certificates
Certifications required in this Section, including seismic requirements.
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals
Switchboard - Source Quality Reports
Report of results of testing and inspections performed at manufacturer’s shop.
Field Quality Control Submittals
Switchboard - Field Quality Control Reports
Report of results of field testing.
Qualifications Statements
Manufacturer Qualification Statements
Submit when requested by Engineer 
Manufacturer Reports
Switchboard Manufacturer Reports
Submit written report of results of each visit to Site by Supplier’s service technician, including purpose and time of visit, tasks performed, and results obtained.  Submit within two days of completion of visit to the Site.
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data
Switchboards - Operation and Maintenance Data
Submit in accordance with Section 01 78 23, Operations and Maintenance Data.
Include acceptable test reports, maintenance data and schedules, description of operation, wiring diagrams, and list of spare parts recommended for one year of operation with current price list.
Include record drawings of control schematics, with point-to-point wiring diagrams.
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)
QUALITY ASSURANCE
*********************************************************************************************
NTS: Edit or delete paragraph “a”, below, when Project requirements prohibit an experience clause.
*********************************************************************************************
Qualifications:
Installer Qualifications: An employer of workers qualified as defined in NEMA PB 2.1 and trained in electrical safety as required by NFPA 70E.
Component Supply and Compatibility:
Obtain all materials and equipment included in this Section regardless of component manufacturer from a single switchboard manufacturer.
Switchboard manufacturer shall review and approve or prepare all Shop Drawings and other submittals for all components furnished under this Section.
Components shall be suitable for the specified service conditions and shall be integrated into overall assembly by switchboard manufacturer.
Regulatory Requirements: Comply with the following:
*********************************************************************************************
NTS: Retain applicable regulations and add others as required.
*********************************************************************************************
NEC Article 408, Switchboards and Panelboards.
Comply with NEMA PB 2.
Comply with NFPA 70.
Comply with UL 891.
*********************************************************************************************
NTS: Retain paragraph “D”, below when seismic requirements apply; otherwise delete.  Coordinate with the project structural Engineer to determine project seismic requirements. 
*********************************************************************************************
Seismic Requirements: The Work shall comply with seismic Zone 1Requirements and Site Class as determined by geotechnical evaluation.
DELIVERY, STORAGE, AND HANDLING
Delivery:
Upon delivery, check for evidence of water that may have entered equipment during transit.
Handle equipment in accordance with manufacturer’s instructions.  One copy of these instructions shall be furnished with equipment at time of delivery.
Storage:
Store switchboards equipment in a clean, dry location with controls for uniform temperature and humidity.  Protect equipment with coverings and maintain environmental controls.
FIELD CONDITIONS
Installation Pathway:  Remove and replace access fencing, doors, lift-out panels, and structures to provide pathway for moving switchboards into place.
Environmental Limitations:
Do not deliver or install switchboards until spaces are enclosed and weathertight, wet work in spaces is complete and dry, work above switchboards is complete, and temporary HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the construction period.
Rate equipment for continuous operation under the following conditions unless otherwise indicated:
Ambient Temperature:  Not exceeding 104 deg F (40 deg C).
Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:
Notify Engineer no fewer than 14 days in advance of proposed interruption of electric service.
Indicate method of providing temporary electric service.
Do not proceed with interruption of electric service without Engineer's written permission.
Comply with NFPA 70E.
WARRANTY
Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
Warranty Period:  One year from date of Substantial Completion.
EXTRA MATERIALS
Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
Potential Transformer Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
Control-Power Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
Fuses and Fusible Devices for Fused Circuit Breakers:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
Fuses for Fused Switches:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
Fuses for Fused Power-Circuit Devices:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
Indicating Lights:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
PRODUCTS
MANUFACTURERS
*********************************************************************************************
NTS: Coordinate paragraph A. 3 below with bidding documents.
*********************************************************************************************
Manufacturers: Provide equipment of one of the following:
Eaton/Cutler-Hammer.
Schneider Electric/Square D Company.
Siemens
All others shall be approved by Designer prior to bidding. Submit to Designer 10 days prior to the bid date.
*********************************************************************************************
NTS: Edit article “2.2”, below, to suit the Project.
*********************************************************************************************
SWITCHBOARD EQUIPMENT
Ratings:
Switchboard shall be 600-volt class, suitable for operation on three-phase, 60-Hertz system.
System operating voltage, number of wires, bus ampacity, and short circuit withstand capability and interrupting rating shall be as shown on the Drawings, or as otherwise indicated in the Contract Documents.
General:
Switchboards shall be dead-front type with individual and group-mounted devices, front-accessible.
Arrange switchboards with number of sections and compartments required for distribution arrangement shown. 
Provide switchboard in accordance with the arrangement shown on the Drawings.  Switchboard shall consist of bus system, structure, circuit breakers, metering, surge protective device (SPD), and enclosure.
Switchboards shall be in accordance with NEMA PB2, UL 891, and NEC Article 408.
*********************************************************************************************
NTS: Retain paragraph “5”, below when service entrance switchboards are required.
*********************************************************************************************
Switchboard shall be service entrance type and UL-labeled as such.  Equip service entrance switchboards with bonding jumper to bond enclosure and ground bus to the neutral bus, and a barrier to isolate service bus bars and terminals.
*********************************************************************************************
NTS: Verify all vertical bus requirements.
*********************************************************************************************
Bus Bars:
Switchboard bus bars shall be tin-plated copper, supported with high-impact, non-tracking insulating material and rated no less than 600 A.  Secure bus joints with Belleville type washers, and braced bus joints for mechanical forces exerted during short circuit conditions.  Mount main horizontal bus bars with all three phases arranged in the same vertical plane.
Bus bar sizes shall be based upon a maximum temperature rise of 65 degrees C over a 40-degree C ambient in accordance with NEMA PB2 and UL 891.
Provide copper ground bus, minimum size of 1/4-inch by two inches, secured to each vertical section and extending entire length of equipment.  Ground bus current capacity shall equal one-half the capacity of main power bus.
Conductor hardware shall be high-tensile strength and zinc-plated.  Provide bus joints with conical spring-type washers.
Structure:
Equipment structure shall be completely self-supporting and shall include required number of vertical sections bolted together to form a single metal-enclosed enclosure.
*********************************************************************************************
NTS: Retain one version of paragraph “2”, below relative to enclosure NEMA rating, and delete the other.  Edit to suit the Project.
*********************************************************************************************
Enclosure shall be rated NEMA 3R, non-walk-in with sloped roof.
0. Enclosure shall be rated NEMA 1.
Enclosure structure frame shall be die-formed, 12-gauge steel bolted together and reinforced.    
Equipment shall have identifying nameplates in accordance with Section 26 05 53, Identification for Electrical Systems.  Provide nameplates for each breaker circuit and provide typewritten directory of circuits.
Cover sides and rear of enclosure with removable, bolt-on covers.  Edges of front covers or hinged front panels shall be formed.  Provide adequate ventilation within enclosure.
Sections of switchboard shall be front- and rear-aligned with depth as shown on the Drawings.  Devices shall be front-removable and load connections shall be front-accessible.
Provide assembly with adequate lifting means so that assembly is capable of being moved to its installation position.
Conduit entry and exit shall be top and bottom entry and coordinated by Contractor.
Quantity of conduits and cables associated with each feeder shall be as shown or indicated on the Drawings.
Circuit Breakers:
Circuit breakers shall be molded case type with quantity of poles, voltage, and current ratings shown. 
Breakers shall be manually-operated thermal magnetic type, including inverse-time overload and instantaneous short-circuit protection.  Contacts shall be non-welding silver alloy and arc extinction shall be accomplished by arc chutes.
Breakers shall be operated by a toggle-type handle and shall have quick-make/quick-break over-center switching mechanism that is mechanically trip-free.  Automatic tripping of breakers shall be clearly indicated by handle position.
Where shown or required due to capacity, breakers shall be insulated case type.  Insulated case breakers shall be manually-operated with stored energy mechanisms.  Breakers shall include open-close pushbuttons, five-cycle close time, and rotary operated stored energy handle mechanism providing quick make/quick-break protection.
Breakers shall have 100-amp frames, minimum.  Provide overload protection on all poles, with trip settings as shown.  Breakers with frame sizes 250 amps and below shall have thermal-magnetic trip units and inverse time-current characteristics, or equal.
Provide breakers 400-amp frame and larger with an electronic solid state programmable trip unit.  For four-wire power systems and circuits, provide a neutral current transformer, and trip unit shall be suitable to accept neutral input.  Provide push-to-trip button on front of circuit breaker to provide local manual means of exercising trip mechanism.  Electronic trip system shall include:
Plug-in protection programmer, flux shift trip device, and current sensor package.  Construct programmer, sensor, and flux-shifting trip device as integral elements of breaker, requiring no externally mounted assemblies for proper operation.
Solid state, microprocessor-based, nine-function programmer shall provide true RMS current sensing and include adjustable continuous and instantaneous current elements with adjustable long time, short time, zero sequence ground fault pickup and delay and zone selective interlocking.  Main, tie and feeder circuit breakers shall be connected for zone selective interlocking to allow instantaneous bus protection.
Where shown, provide breakers with shunt trips, bell alarms, and auxiliary devices. 
*********************************************************************************************
NTS: Coordinate communication requirements with Owner and the project instrumentation and controls Engineer, and edit paragraph “F”, below, to suit the Project.
*********************************************************************************************
Energy Monitoring
Provide an energy monitor in accordance with 26 09 13 Electrical Power Monitoring or as shown on the Drawings. Each electrical power monitor shall be included and factory-mounted within switchboard-by-switchboard manufacturer.  
Provide Ethernet connection using EtherNet/IP communication protocol.  
Wiring/Terminations:
Provide small wiring, necessary fuse blocks, and terminal blocks in switchboard as required.  Control components mounted in assembly, such as fuse blocks, relays, pushbuttons, switches, and other components, shall be suitably marked for identification corresponding to appropriate designations on manufacturer’s wiring diagrams.
Provide mechanical-type terminals for all line and load terminations suitable for copper or aluminum cable rated for 75 degrees C of size indicated on the Drawings. 
Provide lugs in incoming line section for connection of main grounding conductor.  Provide additional lugs for connection of other grounding conductors as indicated on Drawings.
Control wire shall be Type SIS, bundled and secured with nylon ties.  Provide insulated locking spade terminals for all control connections, except where saddle type terminals are provided integral to a device.  Current transformer secondary leads shall first be connected to conveniently accessible short-circuit terminal blocks before connecting to another device.  Provide groups of control wires leaving switchboard with terminal blocks with suitable numbering strips.  Provide wire markers at each end of all control wiring.
*********************************************************************************************
NTS: Coordinate accessories required and edit paragraph “H”, below, to suit the Project.
*********************************************************************************************
Accessories:
Provide a surge protective device in accordance with Section 26 43 13, Surge Protective Devices, for each switchboard bus shown or indicated on the Drawings.  Each surge protective device shall be included and factory-mounted within switchboard-by-switchboard manufacturer.  Surge protective device monitoring and display shall be visible from switchboard front.
Provide thermostatically-controlled space heater to prevent moisture condensation for outdoor applications.
Bus Transition and Incoming Pull Sections:  Matched and aligned with basic switchboard.
Removable, Hinged Rear Doors and Compartment Covers:  Secured by standard bolts, for access to rear interior of switchboard.
Hinged Front Panels:  Allow access to circuit breaker, metering, accessory, and blank compartments.
*********************************************************************************************
NTS: Coordinate miscellaneous devices required and edit paragraph “I”, below, to suit the Project.
*********************************************************************************************
Miscellaneous Devices:
Provide control power transformers with primary and secondary protection, as indicated on the Drawings or as required for proper operation of equipment.
Instrument Transformers:  IEEE C57.13, NEMA EI 21.1, and the following:
Potential Transformers:  IEEE C57.13; 120 V, 60 Hz, double secondary; disconnecting type with integral fuse mountings.  Burden and accuracy shall be consistent with connected metering and relay devices.
Current Transformers:  IEEE C57.13; 5 A, 60 Hz, secondary bar or window type; double secondary winding and secondary shorting device.  Burden and accuracy shall be consistent with connected metering and relay devices.
Control-Power Transformers:  Dry type, mounted in separate compartments for units larger than 3 kVA.
Current Transformers for Neutral and Ground-Fault Current Sensing:  Connect secondary wiring to ground overcurrent relays, via shorting terminals, to provide selective tripping of main and tie circuit breaker.  Coordinate with feeder circuit-breaker, ground-fault protection.
Control Power
Control Circuits:  120-V ac, supplied through secondary disconnecting devices from control-power transformer.
Electrically Interlocked Main and Tie Circuit Breakers:  Two control-power transformers in separate compartments, with interlocking relays, connected to the primary side of each control-power transformer at the line side of the associated main circuit breaker.  120-V secondaries connected through automatic transfer relays to ensure a fail-safe automatic transfer scheme.
Control-Power Fuses:  Primary and secondary fuses for current-limiting and overload protection of transformer and fuses for protection of control circuits.
Control Wiring:  Factory installed, with bundling, lacing, and protection included.  Provide flexible conductors for No. 8 AWG and smaller, for conductors across hinges, and for conductors for interconnections between shipping units.
Finishing:
Exterior and interior steel surfaces of switchboard shall be properly cleaned and provided with rust-inhibiting phosphatized coating by switchboard manufacturer.  Color and finish of switchboard shall be light gray.
SOURCE QUALITY CONTROL
Tests:
Factory-test switchboards in accordance with NEMA PB2 and UL 891
Perform factory tests on equipment prior to shipment.  Tests shall consist of the manufacturer’s standard tests, and shall include:
Physical inspection and checking of all components.
Operation and device function tests under simulated service conditions to verify accuracy of wiring and functioning of all equipment.
Primary, control, and secondary wiring hi-pot tests.
EXECUTION
INSPECTION
Examine conditions under which materials and equipment will be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
INSTALLATION
Install switchboards and accessories according to NECA 400 or NEMA PB 2.1.
Equipment Mounting:  Install switchboards on concrete base, 4-inch (100-mm) nominal thickness.  Comply with requirements for concrete base specified in Division 03 Section "Cast-in-Place Concrete."
Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete base.
For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
Install anchor bolts to elevations required for proper attachment to switchboards.
Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from switchboard units and components.
Operating Instructions:  Frame and mount the printed basic operating instructions for switchboards, including control and key interlocking sequences and emergency procedures.  Fabricate frame of finished wood or metal and cover instructions with clear acrylic plastic.  Mount on front of switchboards.
Install filler plates in unused spaces of panel-mounted sections.
Install overcurrent protective devices, transient voltage suppression devices, and instrumentation.
Set field-adjustable switches and circuit-breaker trip ranges.
Comply with NECA 1.
IDENTIFICATION
Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with requirements for identification specified in Section 26 05 53 "Identification for Electrical Systems."
Switchboard Nameplates:  Label each switchboard compartment with a nameplate complying with requirements for identification specified in  Section 26 05 53 "Identification for Electrical Systems."
Device Nameplates:  Label each disconnecting and overcurrent protective device and each meter and control device mounted in compartment doors with a nameplate complying with requirements for identification specified in Section 26 05 53 "Identification for Electrical Systems."
FIELD QUALITY CONTROL 
Site Tests:
After installation, inspect and perform field testing of each switchboard.  Testing and inspections shall by Supplier's factory-trained representative, in accordance with manufacturer’s recommendations.  Inform Owner and Engineer when Supplier's representative indicates that equipment is correctly installed. 
Perform the following tests and checks before energizing equipment:
Verify proper installation.
Inspect all mechanical and electrical devices for proper operation.
Check tightness of bolted connections.  Mark connections with paint stick marker when properly torqued.
Measure insulation resistance of each bus section, phase-to-phase and phase-to-ground.
Measure insulation resistance of each circuit breaker, pole-to-pole and from pole-to-ground.
Test insulation resistance for each switchboard bus, component, connecting supply, feeder, and control circuit.
Check for proper anchorage, required area clearances, physical damage, and proper alignment.
Clean and lubricate as required.
Perform other tests and adjustments recommended by equipment manufacturer.
Manufacturer’s Services: Provide services of qualified, factory-trained serviceman to perform the following:
Instruct Contractor in installing equipment.
Inspect and adjust equipment after installation and ensure proper operation.
Instruct operations and maintenance personnel in operation and maintenance of the equipment.
*********************************************************************************************
NTS: Edit visit descriptions as required.  Insert at (--1--) and (--2--) the minimum number of on-site hours per visit.
*********************************************************************************************
Manufacturer’s technician shall make visits to the Site as follows:
First visit shall be for instructing Contractor in proper equipment installation, and assisting in installing equipment.  Minimum number of hours on-Site: (--1--) hours.
Second visit shall be for checking completed installation, start-up of system; and performing field quality control testing.  Minimum number of hours on-Site: (--2--) hours.
*********************************************************************************************
NTS: Coordinate with section 01 79 23, Instruction of Operations and Maintenance Personnel, to specify the duration of training required, number of sessions, and operating shift for each.
*********************************************************************************************
Third visit shall be to instruct operations and maintenance personnel.
Furnish services of manufacturer’s qualified, factory-trained specialists to instruct Owner’s operations and maintenance personnel in recommended operation and maintenance of equipment.  
Training requirements, duration of instruction and qualifications shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
Number of hours on-Site shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
Technician shall revisit the Site as often as necessary until installation is acceptable.
All costs, including expenses for travel, lodging, meals and incidentals, and cost of travel time, for visits to the Site shall be included in the Contract Price.
ADJUSTING
Calibrate, set and program protective devices.  Coordinate the protective devices furnished under this Section and provide proper settings of devices per the results of the study specified in Section 26 05 73, Electrical Power Distribution System Studies.
+ + END OF SECTION + +
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1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install panelboards.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.  
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems. 
Section 26 22 00, Low Voltage  Transformers
Section 26 43 13, Surge Protective Devices.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
NEMA PB 1, Panelboards.        
NETA, InterNational Electrical Testing Association
UL 67, Panelboards.     
COORDINATION
Coordinate layout and installation of panelboards and components with other construction that penetrates walls or is supported by them, including electrical and other types of equipment, raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.  Maintain required workspace clearances and required clearances for equipment access doors and panels.
Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Panelboards - Product Data
Submit technical information for panelboards proposed for use, including product literature and specifications.  Indicate options and features to be provided.
Shop Drawings
Listing of Panelboards and Proposed Locations 
Listing of panelboards to be furnished with identification of their proposed location, and all electrical characteristics, including number and rating of branch circuit breakers and enclosure type.
Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards.  Submit on translucent log-log graph paper; include selectable ranges for each type of overcurrent protective device.
Include evidence of NRTL listing for series rating of installed devices.
Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
Include wiring diagrams for power, signal, and control wiring.
Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, equipment features, and ratings.
Detail enclosure types and details for types other than NEMA 250, Type 1.
Detail bus configuration, current, and voltage ratings.
Short-circuit current rating of panelboards and overcurrent protective devices.
Panelboard Schedule
For installation in panelboards.  Submit final versions after load balancing.
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 (NOT USED)
Field Quality Control Submittals 
Panelboards Testing Plan, Procedures and Results
Submit test procedures used.
Submit test results that comply with requirements.
Include results of failed tests and corrective action taken to achieve test results that comply with requirements.
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 
Panelboard - Operation and Maintenance Data
Operation, and maintenance manuals for panelboards and components to include in emergency. 
Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
Time-current curves, including selectable ranges for each type of overcurrent protective device that allows adjustments.
Record Documentation
Panelboard Record Documentation
Provide an electronic modifiable copy of each updated and/or new panel board schedule with date of change(s). 
Submit final versions after load balancing.
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
Fuses for Fused Power-Circuit Devices:  
10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
Extra Stock Materials (NOT USED)
Tools (NOT USED)
QUALITY ASSURANCE
Testing Agency Qualifications:  Member company of NETA or an NRTL.
Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing.
Source Limitations:  Obtain panelboards, overcurrent protective devices, components, and accessories from single source from single manufacturer.
Product Selection for Restricted Space:  Drawings indicate maximum dimensions for panelboards including clearances between panelboards and adjacent surfaces and other items.  Comply with indicated maximum dimensions.
Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
Regulatory Requirements; Comply with the following:
NEC Article 408, Switchboards and Panelboards.
Comply with NEMA PB 1.
Comply with NFPA 70.
DELIVERY, STORAGE AND HANDLING
Packing, Shipping, Handling, and Unloading:
Packing:
Inspect prior to packing to assure that assemblies and components are complete and undamaged. 
Protect mating connections.
Cover all openings into enclosures with-vapor inhibiting, water-repellent material.
Deliver materials and equipment to Site to ensure uninterrupted progress of the Work.  Deliver anchorage materials to be embedded in concrete in ample time to prevent delaying the Work.  Upon deliver, check materials and equipment for evidence of water that may have entered equipment during transit.
Comply with Section 01 65 00, Product Delivery Requirements.
Storage and Protection:
Store panelboards in a clean, dry location with controls for uniform temperature and humidity.  Protect equipment with coverings and maintain environmental controls.
Comply with Section 01 66 00, Product Storage and Handling Requirements.
FIELD CONDITIONS
Environmental Limitations:
Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work in spaces is complete and dry, work above panelboards is complete, and temporary HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the construction period.
Rate equipment for continuous operation under the following conditions unless otherwise indicated:
Ambient Temperature:  Not exceeding [minus 22 deg F (minus 30 deg C)] [23 deg F (minus 5 deg C)] to plus 104 deg F (plus 40 deg C).
Altitude:  Not exceeding 6600 feet (2000 m).
Service Conditions:  NEMA PB 1, usual service conditions, as follows:
Ambient temperatures within limits specified.
Altitude not exceeding 6600 feet (2000 m).
Interruption of Existing Electric Service:  Do not interrupt electric service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electric service according to requirements indicated:
Notify Engineer no fewer than 14 days in advance of proposed interruption of electric service.
Do not proceed with interruption of electric service without Engineer's written permission.
Comply with NFPA 70E.
WARRANTY
Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
PRODUCTS
*********************************************************************************************
NTS: Edit article “2.1” to suit the Project.  Verify that minimum interrupting ratings are sufficient for installation.
*********************************************************************************************
MANUFACTURERS
Provide products of one of the following:
Cutler-Hammer (Eaton).
Siemens.
Square D (Schneider Electric).
MATERIALS
Panelboards:
Rating: Voltage rating, current rating, number of phases, number of wires and number of poles as shown or indicated on the Drawings.
Circuit Breakers: Molded case, bolt‑in thermal magnetic type with number of poles and trip ratings as shown or indicated.  Where indicated on the Drawings, circuit breakers shall be ground fault circuit interrupting type equipped with solid state sensing and five-milliamp sensitivity.
Circuit breakers for 480-volt panelboards shall have minimum interrupting rating of 14,000 ampere RMS symmetrical, unless otherwise indicated on the Drawings.  Circuit breakers for other panelboards shall have minimum interrupting rating of 10,000 ampere RMS symmetrical, unless otherwise indicated on the Drawings.
Bus Bars: Bus bars shall be 98 percent conductivity copper.  Four-wire panelboards shall have solid neutral bar.  Each panel shall have ground bus bar.
Main: Panelboards shall have main circuit breaker, unless the Drawings specifically indicate main lugs only.  
Connect branch circuit breakers for sequence phasing.
Enclosures: Panel enclosures shall be as required for the area classifications indicated in Section 26 05 05, General Provisions for Electrical Systems, unless otherwise indicated on the Drawings.
Construction:  Code-grade steel, ample gutter space, flush door, flush snap latch and lock. Panelboards shall comply with NEMA PB 1 and UL 67.
Trim:  Surface or flush as required.  Provide Door-In-Door Construction.
Directory: Typed or computer-printed card, with transparent protective cover in frame on back of door giving circuit numbers and area or equipment served.
Identification: Identify panelboards in accordance with Section 26 05 53, Identification for Electrical Systems.  Identification shall indicate panel number and voltage.
Directory of Existing Panelboards: When adding or removing breakers or loads from existing panelboards, provide a new typed or computer-generated directory card, indicating the circuit numbers and equipment served.
*********************************************************************************************
NTS: Delete paragraph “13” below if surge protective device(s) is not required.
*********************************************************************************************
Provide surge protective device in accordance with Section 26 43 00, Surge Protective Devices, for each panelboard shown or indicated on the Drawings. Surge protective device shall be included and factory-mounted within panelboard by panelboard manufacturer.  Surge protective device monitoring and display shall be visible from front of panelboard.
Front: Secured to box with concealed trim clamps, unless otherwise indicated. Front for surface-mounted panelboards shall be same dimensions as box. Fronts for flush panelboards shall overlap box, unless otherwise indicated.
Main and Neutral Lugs: Compression type.
Equipment Ground Bus: Adequate for feeder and branch-circuit equipment ground conductors. Bonded to box.
Service Equipment Approval: Listed for use as service equipment for panelboards with main service disconnect.
Future Devices: Equip with mounting brackets, bus connections, and necessary appurtenances, for overcurrent protective device ampere ratings indicated for future installation of devices.
Special Features: Include following features for panelboards as indicated:
Isolated Equipment Ground Bus: Adequate for branch-circuit equipment ground conductors; insulated from box.
Extra Gutter Space: Dimensions and arrangement as indicated.
Subfeed: Overcurrent protective device or lug provision as indicated.
Feed-through Lugs: Sized to accommodate feeders indicated.
*********************************************************************************************
NTS: Delete paragraph “B” below if it is not required.
*********************************************************************************************
Integrated Panelboard and Transformer:
Products and Manufacturers: Provide products of one of the following:
Mini‑Power Center by Cutler-Hammer (Eaton). 
Integrageted Power Systems by Siemens.
Mini‑Power Zone by Square D (Schneider Electric).
General: Unit shall consist of encapsulated dry‑type transformer, primary and secondary main circuit breakers, and secondary panelboard all in one enclosure.
Transformer Rating: Transformer portion shall comply with Section 26 22 14, Dry-type Low-Voltage Distribution Transformers.  KVA, primary voltage, secondary voltage, frequency and number of phases shall be as shown or indicated on the Drawings.
Branch Circuits: Molded case circuit breakers, plug‑in thermal magnetic type with number of poles and trip ratings as shown or indicated on the Drawings.
Enclosure:  Enclosures shall be as required for the area classifications indicated in Section 26 05 05, General Provisions for Electrical Systems, unless otherwise indicated on the Drawings.
BRANCH CIRCUIT OR DISTRIBUTION PANELBOARDS
Doors: Door-In Door type panelboard front, with concealed hinges. Secure with flush catch and tumbler lock, keyed alike.
Branch-Circuit Breakers: Where overcurrent protective devices are indicated to be circuit breakers, use bolt-on circuit breakers, except circuit breakers 225-A frame size and greater may be plug-in type where individual positive-locking device requires mechanical release for removal.
OVERCURRENT PROTECTIVE DEVICES
Molded-Case Circuit Breaker: NEMA AB 1, handle lockable.
Characteristics: Frame size, trip rating, number of poles, and auxiliary devices as indicated and interrupting capacity rating to meet available fault current.
Circuit Breakers, 200 A and Larger: Trip units interchangeable within frame size.
Circuit Breakers, 400 A and Larger: Field-adjustable short-time and continuous current settings.
Current-Limiting Trips: Where indicated, let-through ratings less than NEMA FU 1, Class RK-5.
Current Limiters: Where indicated, integral fuse listed for circuit breaker.
Lugs: Mechanical lugs and power-distribution connectors for number, size, and material of conductors indicated.
Shunt Trip: Where indicated.
ACCESSORY COMPONENTS AND FEATURES
Accessory Set: Include tools and miscellaneous items as required for overcurrent protective device test, inspection, maintenance, and operation.
Portable Test Set: Arranged to permit testing of functions of solid-state trip devices without removal from panelboard.
EXECUTION
INSPECTION
Examine conditions under which the Work is to be installed and notify Engineer in writing of conditions detrimental to the proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
Receive, inspect, handle, and store panelboards according to NECA 407 and NEMA PB 1.1.
Examine panelboards before installation.  Reject panelboards that are damaged or rusted or have been subjected to water saturation.
Examine elements and surfaces to receive panelboards for compliance with installation tolerances and other conditions affecting performance of the Work.
INSTALLATION
Identify panelboards in accordance with Section 26 05 53, Identification for Electrical Systems.
Install panelboards and accessory items according to NEMA PB 1.1.
Mounting Heights: Top of trim 74 in. (1880 mm) above finished floor, unless otherwise indicated.
Mounting: Plumb and rigid without distortion of box. Mount flush panelboards uniformly flush with wall finish.
Circuit Directory: Type directory to indicate installed circuit loads after balancing panelboard loads. Obtain approval before installing.
Install filler plates in unused spaces.
Provision for Future Circuits at Flush Panelboards: Stub four 1 in. (27 mm) empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in future. Stub four 1 in. (27 mm) empty conduits into raised floor space or below slab not on grade.
Wiring in Panelboard Gutters: Arrange conductors into groups, and bundle and wrap with wire ties after completing load balancing.
GROUNDING
Make equipment grounding connections for panelboards.
Provide ground continuity to main electrical ground bus.
CONNECTIONS
Tighten electrical connectors and terminals, including grounding connections, according to manufacturer's published torque-tightening values. Where manufacturer's torque values are not indicated, use those specified in UL 486A.
FIELD QUALITY CONTROL
Testing Agency:  Engage a qualified independent testing agency to perform tests and inspections.
Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
Perform tests and inspections.
Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.
Acceptance Testing Preparation:
Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
Test continuity of each circuit.
Tests and Inspections:
Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
Panelboards will be considered defective if they do not pass tests and inspections.
Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.
ADJUSTING
Set field-adjustable pick-up and time-sensitivity ranges in accordance with Section 26 05 73.
CLEANING
On completion of installation, inspect interior and exterior of panelboards. Remove paint splatters and other spots, dirt, and debris. Touch up scratches and mars of finish to match original finish.
+ + END OF SECTION + +
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MOTOR CONTROL CENTERS
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1. GENERAL
DESCRIPTION
*********************************************************************************************
NTS: When required, insert at (--1--), “and modify existing motor control centers.”  Edit to suit the Project.
*********************************************************************************************
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install motor control centers (--1--).
Coordination:
To properly size circuit breakers, starters, and control power transformers, obtain motor nameplate data on equipment being furnished under this and other contracts as required.
To properly size control power transformers, obtain data on motor space heater and other accessories.
Review installation procedures under this and other Sections and coordinate installation of items to be installed with or before motor control center Work.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.  
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 73, Electrical Power Distribution System Studies.
Section 26 09 13, Electrical Power Monitoring
Section 26 29 13, Motor Controllers
Section 26 43 00, Surge Protective Devices
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
NEC Article 430, Part VIII, Motor Control Centers
ANSI/IEEE C37.2, Electrical Power System Device Function Numbers and Contact Designations.
ANSI/NETA ATS, Acceptance Testing Specifications for Electrical Power Equipment and Systems.
NEMA ICS 18, Motor Control Centers.
NEMA ICS 1, Industrial Controls and Systems: General Requirements.
UL 845, Motor Control Centers.
COORDINATION
Coordinate features of controllers and accessory devices with pilot devices and control circuits to which they connect. 
Coordinate features, accessories, and functions of each motor controller with ratings and characteristics of supply circuit, motor, required control sequence, and duty cycle of motor and load.
Coordinate communication with control circuits to which they connect.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Motor Control Centers - Product Data
Submit manufacturer specifications, cut sheets, dimensions, and technical data for all components, materials, and equipment proposed for use.
Shop Drawings
Motor Control Centers - Shop Drawings
Outline and summary sheets with schedules of equipment in each unit.
One-line diagrams indicating circuit breaker sizes, bus rating, motor controller ratings, and other pertinent information to demonstrate compliance with the Contract Documents.
For each motor-control center specified in this Section. Include dimensioned plans, elevations, and component lists. Show ratings, including short-time and short-circuit ratings, and horizontal and vertical bus ampacities.
Unit control schematic and elementary wiring diagrams showing numbered terminal points and interconnections to other units.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following:
Certificates (NOT USED) 
Test and Evaluation Reports 
Supplier Reports
Submit written report of results of each visit to Site by Supplier’s service technician, including purpose and time of visit, tasks performed, and results obtained.  
Manufacturers’ Instructions
Supplier Instructions:
Instructions for shipping, storing and protecting, and handling the materials and equipment.
Installation data for the equipment, including setting drawings, templates, and directions and tolerances for installing anchorage devices.
Instructions for start-up and troubleshooting.
Source Quality Control Submittals
Motor Control Centers - Source Quality Control Reports
Reports of completed factory testing, including procedures used and test results.
Field Quality Control Submittals
Motor Control Centers: - Field Quality Control Reports
Reports of completed field testing, including procedures used and test results.
Qualifications Statements
Motor Control Centers – Qualifications Statements
Independent Testing Firm Qualification Statements. 
Submit when requested by Engineer.
Manufacturer Qualification Statements 
Submit when requested by Engineer.
Manufacturer Reports
Motor Control Centers – Manufacturer Reports
Submit written report of results of each visit to Site by Supplier’s service technician, including purpose and time of visit, tasks performed, and results obtained.  Submit within two days of completion of visit to the Site.
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data
Motor Control Centers – Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, description of operation, and spare parts information.
Manuals shall include record drawings of control schematics, including point-to-point wiring diagrams.
Point to point wiring diagram for each bucket shall be provided within each bucket.
Load-Current and Overload-Relay Heater List: Compile after motors have been installed and arrange to demonstrate that selection of heaters suits actual motor nameplate full-load currents.
Comply with Section 01 78 23, Operations and Maintenance Data.
Record Documentation
Motor Control Centers – Record Documentation
Provide record documentation as stated within Contract Documents.
Training Material (NOT USED)
Warranty Documentation
Motor Control Centers – Warranty Documentation
Provide the warranty information as stated within the Contract Document
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following: 
*********************************************************************************************
NTS: Edit the required spare parts to suit the Project.  
*********************************************************************************************
Spare Parts
Motor Control Centers - Spare Parts
Furnish, tag, and box for shipment and long term storage the following spare parts and special tools for each motor control center lineup furnished:
	Item
	Quantity
per Switchgear Lineup Furnished

	1) Fuses
	10% or a minimum of 3 of each type and size used

	2) Indicating lamps
	10% or a minimum of 3 of each type and size used

	3) Touch-up Paint
	(2) 12 ounce minimum cans


Motor Control Centers - Spare Parts Recommendations
Furnish a list of additional recommended spare parts for an operating period of one year.  Describe each part, the quantity recommended and current unit price.
Extra Stock Materials (NOT USED)
Tools (NOT USED)
QUALITY ASSURANCE
Qualifications: 
*********************************************************************************************
NTS: Edit or delete paragraph “1”, below, when project requirements prohibit an experience clause.
*********************************************************************************************
Manufacturer: 
Shall have not less than five years experience of producing equipment substantially similar to that required and shall be able to submit documentation of not less than five installations in satisfactory operation for at least five years each.
Maintain, within 100 miles (160 km) of Project site, service center capable of providing training, parts, and emergency maintenance and repairs.
*********************************************************************************************
NTS: Edit paragraph “2”, below, to suit the Project.  Consider acceptance testing by independent testing firm for large projects that contain other distribution equipment.  When acceptance testing is required, also include testing by manufacturer.  For smaller projects, include manufacturer testing only.
*********************************************************************************************
Independent Field Testing Firm: 
Retain an independent testing firm to perform field acceptance testing of motor control centers.  
Testing firm and its assigned personnel shall be experienced in inspecting and testing motor control centers.  
Testing Agency Qualifications: In addition to requirements specified in Section 26 01 26 independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907, or shall be full member company in InterNational Electrical Testing Association (NETA).
*********************************************************************************************
NTS: Edit or delete paragraph “B”, below, when not required, or when project involves modifications to motor control centers by different manufacturers.
*********************************************************************************************
Component Supply and Compatibility:
Obtain materials and equipment included in this Section, regardless of component manufacturer, from one motor control center equipment manufacturer.
Motor control center equipment manufacturer shall review and approve, or shall prepare, all Shop Drawings and other submittals for components furnished under this Section.
Equipment shall be specifically constructed for specified service conditions.  Equipment and components shall be integrated into overall motor control center equipment system by motor control center equipment manufacturer.
Regulatory Requirements: Comply with the following:
NEC Article 430, Part VIII. Motor Control Centers.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Product Selection for Restricted Space: Drawings indicate maximum dimensions for motor-control centers, including clearances between motor-control centers and adjacent surfaces and items, and are based on types and models indicated. Other manufacturers' motor-control centers with equal performance characteristics and complying with indicated maximum dimensions may be considered.
DELIVERY, STORAGE AND HANDLING
Packing, Shipping, Handling, and Unloading:
Packing:
Inspect prior to packing to assure that assemblies and components are complete and undamaged. 
Protect mating connections.
Indoor containers shall be bolted to skids.  Breakers and accessories shall be packaged and shipped separately..
Cover all openings into enclosures with-vapor inhibiting, water-repellent material.
Upon delivery, check materials and equipment for evidence of water that may have entered equipment during transit.
Handling:
Lift, roll or jack motor control center equipment into locations shown.
Motor control centers shall be equipped to be handled by crane.  Where cranes are not available equipment shall be suitable for placement on rollers using jacks to raise and lower the groups.
Storage and Protection:
Store motor control center equipment in a clean, dry location with controls for uniform temperature and humidity.  Protect equipment with coverings and maintain environmental controls.
PRODUCTS
MANUFACTURERS
Manufacturers: Provide equipment by one of the following:
Allen-Bradley (Rockwell Automation).
Cutler-Hammer (Eaton).
Siemens.
Square D (Schneider Electric).
MATERIALS
*********************************************************************************************
NTS: Edit paragraph “A”, below, to suit the Project.
*********************************************************************************************
General: Motor control center lineups shall comply with NEMA ICS 18 and be provided as shown with the following ratings:
Service: Voltage rating and number of wires shall be as shown or indicated on the Drawings.  Motor control center shall operate from a three-phase, 60 Hertz system.
Wiring: NEMA Class II, Type B.
*********************************************************************************************
NTS: Insert at (--1--) the desired NEMA rating: 1, 3R, or 4X/SS.
*********************************************************************************************
Enclosure: NEMA (--1--).
Compartments: Modular; individual doors have concealed hinges and quick-captive screw fasteners. Interlocks on combination controller units require disconnect means in off position before door can be opened or closed, except by consciously operating permissive release device.
Interchan geability: Compartments are constructed to remove units without opening adjacent doors, disconnecting adjacent compartments, or disturbing operation of other units in control center. Units requiring same size compartment are interchangeable, and compartments are constructed to permit ready rearrangement of units, such as replacing 3 single units with unit requiring 3 spaces, without cutting or welding.
Wiring Spaces: Each vertical section of structure with horizontal and vertical wiring has spaces for wiring to each unit compartment in each section, with supports holding wiring in place.
Interrupting Capacity Rating: Motor control center shall have an interrupting capacity rating as shown or indicated on the Drawings.  Devices shall be suitable for minimum rating indicated.
Motor control center lineups shall be UL-rated as suitable for service entrance where shown or indicated on the Drawings and as required.
Construction: Provide equipment with the following:
Totally-enclosed structure, dead front, consisting of nominal 20-inch deep, minimum 20-inch wide, 7.5-feet high vertical sections bolted together to form a unit assembly.
Vertical sections shall have side sheets extending the full height and depth of section.
Removable lifting angles for each shipping section.
Two removable floor sills for mounting. 
Horizontal wireways top and bottom, isolated from horizontal bus and readily accessible. 
Wireway openings between sections shall have rounded corners and rolled edges.
Isolated vertical wireways with cable supports, accessible through hinged doors, for each vertical section.
Wireway shall be separate from each compartment and remain intact when compartment is removed.
All-metal non-conducting parts electrically continuous.
Comply with NEMA ICS 18.
*********************************************************************************************
NTS: Edit paragraph “C”, below, to suit the Project.
*********************************************************************************************
Buses
Material: Tin Plated copper.
Ampacity Ratings:
As indicated for horizontal buses.
600 amp min for vertical main buses or larger as required for installed units.
Neutral Bus: 100% rated, Insulated, continuous through control center for four-wire services, drilled with lugs of appropriate capacity as required.
Grounding Bus: Full length mounted across the bottom, drilled with lugs of appropriate capacity as required.
Horizontal Bus Arrangement: Main phase, neutral and ground buses extended with same capacity entire length of motor-control center, with provision for future extension at both ends by bolt holes and captive bus splice sections.
Short-Circuit Withstand Rating: Same as short-circuit current rating of section.
Bus bar connections shall be easily accessible with simple tools.
Unit Compartments:
Provide individual front door for each unit compartment.  Fasten door to stationary structure, instead of the unit itself, so that door can be closed when unit is removed.
Starter and feeder unit doors interlocked mechanically with unit disconnect device to prevent unintentional opening of door while energized and unintentional application of power while door is open, with provisions for releasing interlock for intentional access and application of power. 
Padlocking arrangement permitting locking disconnect device in the “OFF” position  with door closed or open.  Equip unit disconnect devices located in the top compartment, compartment sized 12 inches or higher, with extender handle complying with UL 845.  Extender handle shall allow disconnect operating handle to be located above NEC’s height limitation of six-feet, seven-inches above floor. 
Equip compartments as shown or indicated on the Drawings:
Blank compartments, unused space, and compartments shown or indicated on the Drawings as “SPACE” shall have bus covers and be complete with necessary hardware for future installation of a plug-in unit.
Provide shutters for each compartment that automatically open when unit is inserted and automatically close when unit is removed.
Provide wiring and device identification:
Identify compartment doors, devices, and field wiring in accordance with Section 26 05 53, Identification for Electrical Systems.
Identify internal control conductors with permanent wire markers.  Each wire shall be identified by a unique number attached to wire at each termination point.
Identify internal control devices with permanent markers.  Each device shall be identified by a unique number attached to each device.
Numbering system for each wire and control device shall be identified on the wiring diagrams in the Shop Drawings and shall reflect the actual designations used in the Work.
Identify internal communication cables with permanent markers.  Each cable shall be identified by a unique number attached to each cable.
NEMA 1 minimum motor starter size.  Starter units completely draw out type in Sizes 1 and 2 and draw out type after disconnecting power leads only in Sizes 3 and 4. 
Motor starters shall be NEMA-rated and include magnetic contactor, with encapsulated magnet coils.  Wound coils are unacceptable.  Control shall be 120 VAC unless indicated otherwise.
*********************************************************************************************
NTS: Edit the starter types in paragraphs “a” through “c”, below, as required for the project.  Delete starters not required.
*********************************************************************************************
Starters shall be full-voltage non-reversing unless shown or indicated otherwise on the Drawings.
Reversing Starters:
Single-speed, full-voltage with two contactors and extra interlocking contacts.
Reduced Voltage Solid-State Starter:
General:
Provide solid-state, step-less, current limiting, soft-start, motor controllers (RVSS) as shown or indicated on the Drawings.
RVSS shall be three-phase type and shall include an overload relay and isolation contactor.
Provide subsystems that will protect RVSS from damage due to over-current and over-voltage.
Current Rating: 115 percent of motor nameplate rated current, continuous, minimum.
Required Features:
Adjustable current limit of not more than 250 percent of motor nameplate full-load current throughout entire motor acceleration period including first three cycles of voltage waveform from instant start signal is engaged.
Adjustable voltage acceleration, from two to 30 seconds.
Adjustable voltage deceleration, from two to 30 seconds.
Phase loss detection.
LED diagnostic indicators.
Static over-current and over-voltage trip.
Phase reversal, line or fuse loss, and under-voltage protection.
Power unit over temperature protection.
Motor inverse time overload protection.
Input line transient over-voltage protection.
Enclosure:
Cooling fans, if required, shall incorporate anti-friction bearings and internal impedance type motor protection.
If cooling fans are used, install in accordance with NEMA ICS 1-110 by motor control center manufacturer.
On start-up, start driven equipment at zero current and allow driven equipment to accelerate to maximum speed without exceeding the set current limit.
On normal shutdowns, ramp driven equipment down at set deceleration rate that is non-regenerative for motor prior to shutdown.
On emergency shutdowns, remove power to motor.
Diagnostic LEDs: Provide LEDs on unit front that indicate the following:
Control power on.
Motor power on.
Motor starting.
Motor fault.
RVSS fault.
Control Outputs:
Control output shall be electrically isolated, dry, normally open SPDT contacts, rated 10 amps at 120 vac.
Provide the following control outputs:
0. Motor running.
0. Motor fault.
0. RVSS fault.
Overload Relays: Provide an overload relay for each motor controller.  Overload relays shall be in accordance with the following:
*********************************************************************************************
NTS: Retain one version of paragraph “a”, below, and delete the other. The preference is for electronic overload relays. The first version is for thermal overload relays, and the second version is for electronic overload relays.  Consider providing ground fault protection for motors 200-hp and larger, and for motors considered critical.
*********************************************************************************************
Thermal Overload Relays: Relays shall be thermal, bimetallic type, direct or current sensing.  Relays shall include ambient compensation and be equipped with separate heater elements sized for full-load amperes and service factor of actual motors furnished.
0. Electronic Overload Relays: Relays shall be electronic type.  Electronic relays shall be multi-function, adjustable, current sensing, type, and include overload, phase-unbalance, phase-loss, and equipment type ground fault in one package.
Each overload relay shall be manual reset type and shall include provisions for resetting by an insulating button on front of starter unit door.
Each overload relay shall include a normally-open auxiliary contact and a normally-closed auxiliary contact for remote alarm purposes.
Size each overload relay for full-load amperes and service factor of actual motors installed.
Individual control power transformers for all controllers, capacity as required for all control circuit devices, 100 VA minimum, Class A insulation, two primary fuses, 120-volt secondary, one secondary fuse, and the other secondary leg grounded.
*********************************************************************************************
NTS: Modify paragraphs “10” through “21”, below, to suit the Project and delete inapplicable paragraphs.
*********************************************************************************************
Separate Control: Where control power to starter is from a separate power source, provide control power fuse in unit and equip main disconnect with normally-open contact to isolate control circuit from source when controller disconnect is open.
Motor horsepower shown are preliminary.  Circuit breaker trips and controller overload heaters to be coordinated with the actual equipment installed.
Auxiliary contacts, relays, timers as required for specified control functions and those shown on Drawings.
Current Sensing Devices:
Current Switch:
Produces a dry contact output when load current exceeds set point.
Suitable for use measuring current on motor leads of 480-volt, 60 Hertz, up to 100-amp continuous.
Variable trip point and time delay.  Trip point settable via calibrated dial.
Monitors currents from 10 mA to 100 AC Amps
Output relay (Form C) rated up to 20 amps
LED trip status indicator
Dead band prevents relay chatter
Contact Material: Silver-cadmium oxide
Mechanical Life: 10 million operations, typical at rated load
Electrical Life: 100,000 operations, typical a6 rated load
Current Transducer:
Produces four to 20 mA DC output current proportional to the input average RMS AC motor load current.
Loop powered
Controller devices, including spare contacts, shall be wired to numbered terminal blocks.
Terminal blocks for field connections to unit compartments shall be plug-in/pull-apart type.  Terminals shall be fully accessible from the front.  Terminals shall be mounted near the front of vertical wireway.
Control devices shall be 600-volt heavy duty, NEMA A600.  Relays shall have convertible contacts.   
Feeder Circuit Breakers: Thermal magnetic type.
Circuit breakers of 100 amp frame or less shall be mounted in a dual mount compartment (two breakers in one space factor) or shall mount in one-half space factor, unless otherwise shown or indicated on the Drawings.
Motor Controller Circuit Breakers: Magnetic trip only motor circuit protectors.
Provide the following diagrams and tables inside of door for each compartment:
Elementary wiring diagram.
Table of overload heater sizes with correct heater highlighted.
Table of motor circuit protector settings with correct setting highlighted.
Where shown or indicated on the Drawings incorporate solid state protective relaying package (SSPRP) into motor starter for motor protection.  Unit shall incorporate the ANSI/IEEE C37.2 device function numbers and selectable indications and communication modules indicated below:
Product and Manufacturer:
GE MultiLin SR469 or current model.
*********************************************************************************************
NTS: Consult with City representative to determine applicable motor protection devices.
*********************************************************************************************
Motor Protection Device Functions:
Stator winding over-temperature (Device 49).
Short circuit (Device 50).
Motor overload (Device 49/50/51).
Locked rotor - multiple start (Device 48).
Phase reversal (Device 46).
Ground fault (Device 50G/51G).
Mechanical jam.
Unbalance/negative sequence currents (Device 46).
Undercurrent (Device 37).
Motor bearing over-temperature (Device 38).
Thrust bearing over-temperature (Device 38).
Over-voltage (Device 59).
Undervoltage (Device 27).
Voltage sequence (Device 47).
Main trip and lockout output relay (Device 86).
Alarm output relay (Device 74).
Selectable Indications:
Average motor current.
Average motor temperature.
Motor current for each of the three phases.
Motor temperature readout for six winding RTDs.
Motor thrust-bearing temperature readout for two bearing RTDs.
Ground fault current.
Percent of motor capacity used.
Line-to-line and line-to neutral voltages, all three phases.
Average 15-minute kVA.
Average 15-minute kW.
Average 15-minute kVAR.
Maximum percent full load current since initial startup.
Hottest RTD and temperature since initial startup.
Highest percent current unbalance since initial startup.
Highest ground fault current since initial startup.
Highest motor bearing temperature since initial startup.
Highest load bearing temperature since initial startup.
Maximum line voltage since start.
Minimum line voltage since start.
Number of motor starts attempted.
Number of motor starts completed.
Hours of operation.
Number of trips from each of ten protective functions.
All measured values at the time of a motor trip.
Values that have been loaded for system inputs and trip points.
*********************************************************************************************
NTS: Retain one version of paragraph “1.” below. Preference is EtherNet/IP.
*********************************************************************************************
Communication Module: 
EtherNet/IP capable of uploading all the above protective function attitudes and the above-listed selectable indications upon being queried by a host PLC connected via Ethernet Field Bus communication port.
0. Modbus TCP/IP capable of uploading all the above protective function attitudes and the above-listed selectable indications upon being queried by a host PLC connected via Modbus TCP/IP communication port.
*********************************************************************************************
NTS: Expand on parameters of the electronic trip units in paragraph “21”, below, when required for features desired.
*********************************************************************************************
Main and Tie Circuit Breakers: Thermal magnetic, molded case type, unless shown or indicated otherwise.  Where shown or indicated, equip main and tie breakers with key interlocking.  Interlocking shall allow only two of the three breakers to be closed at a time.  Provide locks and keys as required.  Main circuit breakers shall be 100 percent amperage rated.  Circuit breakers with frame ratings 800 amps and greater shall be electronic type with adjustable parameters and ground fault protection.
*********************************************************************************************
NTS: Coordinate the communication aspects as required to suit the Project and edit article “2.3”, below, accordingly.
*********************************************************************************************
PART 1 
1.1 
1.2 
MAIN METERING DEVICE
Provide an energy monitor in accordance with Section 26 09 13 Electrical Power Monitoring and as shown on the Drawings.  Each electrical power monitor shall be included and factory-mounted within motor control center by motor control center manufacturer.  
Provide Ethernet connection using EtherNet/IP communication protocol.  
SURGE PROTECTIVE DEVICES
Provide a surge protective device in accordance with Section 26 43 00, Surge Protective Devices, for each motor control center bus shown on the Drawings.  Surge protective devices shall be included and factory-mounted within the motor control center by motor control center manufacturer.  Surge protective device monitoring and display shall be visible from the motor control center front.
FEEDER OVERCURRENT PROTECTION
*********************************************************************************************
NTS: Choose either “A” or “B” below.
*********************************************************************************************
Molded-Case Circuit Breaker: NEMA AB 1, handle lockable.
Characteristics: Frame size, trip rating, number of poles, and auxiliary devices as indicated and interrupting capacity rating to meet available fault current.
Application Listing: Appropriate for application.
Circuit Breakers, 200 A and Larger: Trip units interchangeable within frame size.
Circuit Breakers, 200 A and Larger: Field-adjustable, long-time, short-time, instantaneous, ground (LSIG), and continuous-current settings.
Current-Limiting Trips: Where indicated, let-through ratings less than NEMA FU 1, Class RK-5.
Lugs: Mechanical lugs and power-distribution connectors for number, size, and material of conductors indicated.
Shunt Trip: Where indicated or required for ground fault protection trip.
Fusible Switch: NEMA KS 1, Type HD, clips to accommodate specified fuses, handle lockable.
CONTROL ACCESSORIES
Pilot devices shall be 30.5 mm, LED and oil tight.
Pilot Lights: Push to test “Run” and “Stopped” pilot lights.
Pilot Lights shall have lens colors as shown or indicated.  Where no color is indicated, provide the following lens colors:
	Color
	Legend

	Red
	Running, Open

	Green
	Stopped, Closed

	Amber
	Alarm

	Blue
	Power

	White
	Status


Local Off Remote Selector Switches: Where Indicated.
Maintained position unless specified elsewhere.
Contact Blocks:
Double break silver contacts.
Ac Ratings: 7,200 va make, 720 va break.
Single pole, double throw or double pole, single throw.
Up to six tandem blocks.
Operators:
Number of positions as specified elsewhere.
Standard knob type unless specified elsewhere.
Legend plates as required for type of operation or specified elsewhere.
SOURCE QUALITY CONTROL
*********************************************************************************************
NTS: The factory tests specified in paragraph “A”, below, are standard, non-witnessed tests.  When witness tests are required, edit this article to include such requirements.  Coordinate witness testing with project requirements and edit paragraph “A” to suit the Project.
*********************************************************************************************
Prior to shipping, perform factory tests on motor control centers.  Tests shall include manufacturer’s standard tests and the following:
Physical inspection and checking of components.
Mechanical operation and device functionality tests.
Primary, control, and secondary wiring hi-pot tests.
EXECUTION
INSPECTION
Examine conditions under which Work is to be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
APPLICATIONS
Select features of each motor controller to coordinate with ratings and characteristics of supply circuit and motor; required control sequence; duty cycle of motor, drive, and load; and configuration of pilot device and control circuit affecting controller functions.
Select horsepower rating of controllers to suit motor controlled.
Push-Button Stations: In covers of magnetic controllers for manually started motors where indicated, start contact connected in parallel with sealing auxiliary contact for low-voltage protection.
INSTALLATION
Install materials and equipment at locations shown or indicated on the Drawings.  Install equipment on 4” concrete base and with manufacturer’s recommendations and instructions.
Motor control center shall be free standing and installed no closer than 2” to any wall surface.
Openings in top or side of motor control centers for other than conduit entrance are not allowed.
Bundle cable circuits together within enclosures and identify with durable tag secured to cabling twine.
Set motor circuit protectors at lowest setting that allows motor starting without nuisance tripping.  Adjust during startup and testing as required to avoid nuisance tripping during operation.
Verify that wiring diagrams on inside of door of each compartment reflect the circuitry actually provided and that correct overload heater size and motor circuit protector setting are noted.
Install in conformance with manufacturer’s recommendations, Laws and Regulations, and the Contract Documents.
*********************************************************************************************
NTS: Coordinate with section 01 14 16, Coordination With Owner’s Operations, to specify requirements for connections to existing facilities and maintenance of facility operations during construction.  Delete paragraph “H” if not required.
*********************************************************************************************
Connections to existing facilities shall be in accordance with Section 01 14 16, Coordination with Owner’s Operations and Section 26 05 05, General Provisions for Electrical Systems.
IDENTIFICATION
Identify field-installed wiring and components and provide warning signs according to Section 26 05 53.
CONTROL WIRING INSTALLATION
Install wiring between motor-control devices according to Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
Bundle, train, and support wiring in enclosures.
Connect hand-off-automatic switch and other automatic control devices according to indicated wiring diagram or one that is manufacturer approved, where available.
Connect selector switches to bypass only manual and automatic control devices that have no safety functions when switch is in hand position.
Connect selector switches with motor-control circuit in both hand and automatic positions for safety-type control devices such as low- and high-pressure cutouts, high-temperature cutouts, and motor-overload protectors.
CONNECTIONS
Tighten motor-control center bus joint, electrical connector, and terminal bolts according to manufacturer's published torque-tightening values. Where manufacturer's torque values are not indicated, use those specified in UL 486A.  Mark nuts with paint marker stick after properly tightening bolts.
FIELD QUALITY CONTROL
*********************************************************************************************
NTS: Edit paragraph “A” on inspection and testing to suit the project. When acceptance testing is desired, also include manufacturer testing.
*********************************************************************************************
Site Tests:
Perform field testing and inspection of motor control centers.  Inspect and test each motor control center after installation.  Testing and inspection shall be in accordance with the manufacturer's recommendations and the Contract Documents, and be performed by manufacturer's factory-trained representative, Inform Owner and Engineer when equipment is correctly installed, prior to testing.  Do not energize equipment without permission of Owner.
Test Equipment, Calibration and Reporting: All test equipment, instrument calibration and test reports shall be in accordance with ANSI/NETA ATS.
Perform the following minimum tests and checks before energizing equipment:
Verify all overload and device settings.
Inspect mechanical and electrical interlocks and controls for proper operation.
Check tightness of bolted connections.
Measure insulation resistance of each bus section, phase-to-phase and phase-to-ground.
Measure insulation resistance of each starter, phase-to-phase and phase-to-ground.
Measure insulation resistance of each control circuit with respect to ground.
Perform other tests recommended by equipment manufacturer.
*********************************************************************************************
NTS: Delete paragraph “4”, below, when acceptance testing by independent testing firm is not required.
*********************************************************************************************
Perform acceptance testing of motor control centers.  Inspect and test each motor control center.  Testing and inspection shall be performed by the independent testing firm, after completion of field testing specified in Paragraph 3.3.A.3 of this Section.
Visual and Mechanical Inspection: Perform inspection of each motor control center in accordance with ANSI/NETA ATS.  Inspection shall include:
Inspect for proper anchorage, damage, and grounding.
Verify all overload and device settings.
Check tightness of bolted connections.
Electrical Tests: Perform electrical testing of each motor control center in accordance with ANSI/NETA ATS.  Testing shall include:
Measure insulation resistance of each bus section, phase-to-phase and phase-to-ground.
Measure insulation resistance of each starter phase-to-phase and phase-to-ground.
Measure insulation resistance of each control circuit with respect to ground.
Test motor overload units by current injection.
Perform operational tests by initiating control devices for proper operation.
Perform contact resistance test and insulation resistance test for each circuit breaker.
Determine long-time, short-time, and instantaneous pick-up and delay as required.
Manufacturer’s Services: Provide a qualified, factory trained serviceman to perform the following:
Supervise unloading and installation of equipment.
Instruct Contractor in installing equipment.
Inspect, test, and adjust equipment after installation and ensure proper operation.
Instruct operations and maintenance personnel in operation and maintenance of the equipment.
*********************************************************************************************
NTS: Edit visit descriptions as required.  Insert at No. 1 the minimum number of on-site hours per visit.
*********************************************************************************************
Manufacturer’s technician shall make visits to the Site as follows:
Visit shall be for checking completed installation, start-up of system; and performing field quality control testing.  Technician shall test the system as specified in Article 3.3.A of this Section.  Technician shall operate and test the system in the presence of Engineer and verify that equipment complies with the Contract Documents and manufacturer’s requirements.  Technician shall adjust the system to initial settings as specified in Article 3.4 of this Section.  Minimum number of hours on-Site: (--1--) hours.
*********************************************************************************************
NTS: Coordinate with section 01 79 23, Instruction of Operations and Maintenance Personnel, to specify the duration of training required, number of sessions, and operating shift for each.
*********************************************************************************************
Visit shall be to instruct operations and maintenance personnel.
Furnish services of manufacturer’s qualified, factory-trained specialists to instruct Owner’s operations and maintenance personnel in recommended operation and maintenance of equipment.  
Training requirements, duration of instruction, and qualifications shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
Number of hours on-Site shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
Technician shall revisit the Site as often as necessary until installation is acceptable.
Furnish services of manufacturer’s factory-trained service technicians to correct defective Work within 72 hours of notification by Owner during the correction period.
All costs, including expenses for travel, lodging, meals and incidentals, and cost of travel time, for visits to the Site shall be included in the Contract Price.
ADJUSTING
Calibrate, set, and program all protective devices.  Coordinate protective devices furnished under this Section and provide proper settings of devices in accordance with the study performed under Section 26 05 73, Electrical Power Distribution System Studies.
CLEANING
Inspect interior and exterior of motor-control centers. Remove paint splatters and other spots, dirt, and debris. Touch up scratches and mars of finish to match original finish. Clean devices internally, using methods and materials recommended by manufacturer.
+ + END OF SECTION + +
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WIRING DEVICES
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install wiring devices.
Section includes:
Straight-blade Devices, 125 V, 20 A.
GFCI Receptacles, 125 V, 20A.
Hazardous (classified) Location Receptacles.
Twist-locking Receptacles.
Pendant Cord-Connector Devices.
Cord and plug sets.
Toggle switches, 120/277 V, 20 A.
Wall-box dimmers.
Wall plates.
Coordination:
Review installation procedures under other Sections and coordinate installation of items to be installed with or before Wiring Devices.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
Section 26 05 26, Grounding and Bonding for Electrical Systems.
Section 26 05 33, Raceways and Boxes for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.
REFERENCES
Definitions referenced in this Section are:
Abbreviations of Manufacturers' Names:
Eaton: Eaton; Arrow-Hart Wiring Devices.
Hubbell: Hubbell Incorporated; Hubbell Wiring Devices-Kellems.
Leviton: Leviton Mfg. Company, Inc.
P & S: Pass & Seymour/Legrand.
Standards referenced in this Section are:
FS – Federal Specifications:
FS WC-596, Electrical Power Connector, Plug, Receptacle, and Cable Outlet.
FS W-S-896-E, Switch, Toggle
UL 498, Standard for Attachment Plugs and Receptacles
ULK 1682, Plugs, Receptacles, and Cable Connectors of the Pin and Sleeve Type
NEMA WD 1, General Color Requirements for Wiring Devices.
NEMA OS 3, Selection and Installation Guidelines for Electrical Outlet Boxes.
NEMA WD 6, Wiring Devices – Dimensional Requirements.
NEMA FB 11, Plugs, Receptacles and Connectors of the Pin and Sleeve Type for Hazardous Locations.
NFPA 70, National Electrical Code.
DEFINITIONS
Definitions referenced in this Section are:
BAS: Building automation system.
EMI: Electromagnetic interference.
GFCI: Ground-fault circuit interrupter.
Pigtail: Short lead used to connect a device to a branch-circuit conductor.
RFI: Radio-frequency interference.
SPD: Surge protective device.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS 
Action Submittals: Submit the following:
Product Data 
Wiring Devices - Product Data
For each type of product.
Shop Drawings (NOT USED)
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following:
Certificates (NOT USED)
Test and Evaluation Reports
Wiring Devices – Test and Evaluation Reports
Results of required Test and Evaluation Reports.
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:
Wiring Devices - Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including all manufacturer’s packing-label warnings and instruction manuals that include labeling conditions.
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)
QUALITY ASSURANCE
Regulatory Requirements:
*********************************************************************************************
NTS: Retain applicable regulations and add others as required. 
*********************************************************************************************
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Manufacturer:
Manufacturer shall have not less than five years of experience producing substantially similar equipment to that required and, upon request, shall submit documentation of not less than five installations in satisfactory operation for not less than five years in the United States.
Wiring Devices and Wall Plates shall be product of a single manufacturer.
DELIVERY, STORAGE, AND HANDLING
Deliver materials to site in unopened cartons or bundles as appropriate, clearly identified with manufacturer's name, Underwriter's or other approved label, grade or identifying number.
Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect units from dirt, water, construction debris, and traffic.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by the following:
Eaton
Hubbell
Leviton
P & S
The listing of specific manufacturers above does not imply acceptance of their products that do not meet the specified ratings, features and functions. Manufacturers listed above are not relieved from meeting these specifications in their entirety.
GENERAL WIRING-DEVICE REQUIREMENTS
Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
Comply with NFPA 70.
Comply with NEMA WD 1.
Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:
Connectors shall comply with UL 2459 and shall be made with stranded building wire.
Devices shall comply with the requirements of this Section.
Devices for Owner-Furnished Equipment:
Receptacles: Match plug configurations.
Cord and Plug Sets: Match equipment requirements.
*********************************************************************************************
NTS: Retain sections 2.3 thru 2.13 as required.  Delete sections not required.
*********************************************************************************************
STRAIGHT-BLADE DEVICES, 125 V, 20A
Duplex Receptacles: 125 V, 20 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.
Products: Subject to compliance with requirements, provide one of the following:
Eaton: AH5351 (single), AH5352 (duplex).
Hubbell: HBL5351 (single), HBL5352 (duplex).
Leviton: 5361 (single), 5352 (duplex).
P & S: 5361 (single), 5362 (duplex).
GFCI RECEPTACLES, 125 V, 20 A
General Description for dry location:
125 V, 20 A, straight blade, feed-through type.
Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943 Class A, and FS W-C-596.
Include indicator light that shows when the GFCI has malfunctioned and no longer provides proper GFCI protection.
Eaton: SGF20.
Hubbell: GF20.
Leviton: G5362.
P & S: 2097TR
General Description for wet location:
125 V, 20 A, straight blade, feed-through type, weather-proof.
Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, UL 943 Class A, and FS W-C-596.
Include indicator light that shows when the GFCI has malfunctioned and no longer provides proper GFCI protection.
Eaton: WRSGF20.
Hubbell: GFTR20.
Leviton: G5362-WT
P & S: 2097TRWR
HAZARDOUS (CLASSIFIED) LOCATION RECEPTACLES
Description: Pin and sleeve receptacle with matching connector.
Class I., Division: Refer to Drawings for requirement(s).
Class II, Division: Refer to Drawings for requirement(s).
Voltage: Refer to Drawings for requirement(s).
Amperage: Refer to Drawings for requirement(s).
Wires and Poles: Refer to Drawings for requirement(s).
Raintight.
Standards: Comply with NEMA FB 11 and UL 1203.
Use GFCI type circuit breaker for GFCI applications.
TWIST-LOCKING RECEPTACLES
Twist-Lock, Single Receptacles, 120 V, 20 A
Configuration: NEMA WD 6, Type L5-20R.
Standards: Comply with UL 498.
Twist-Lock, Single Receptacles, 250 V, 20 A
Configuration: NEMA WD 6, type L7-20R.
Standards: Comply with UL 498.
Use GFCI type circuit breaker for GFCI applications.
PENDANT CORD-CONNECTOR DEVICES
Description: 
Matching, locking type plug and receptacle body connector, heavy-duty grade.
Configuration: NEMA WD6, type L5-20P and L5-20R.
Body: Nylon with screw-open, cable-gripping jaws and provision for attaching external cable grip.
External Cable Grip: Woven wire-mesh type made of high-strength, galvanized-steel wire strand, matched to cable diameter, and with attachment provision designed for corresponding connector.
Standards: Comply with FS W-C-596.
Use GFCI type circuit breaker for GFCI applications.
CORD AND PLUG SETS
Description:
Match voltage and current ratings and number of conductors to requirements of equipment being connected.
Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-insulated grounding conductor and ampacity of at least 130 percent of the equipment rating.
Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle type for connection.
Use GFCI type circuit breaker for GFCI applications.
TOGGLE SWITCHES, 120/277 V, 20A
Comply with NEMA WD 1, UL 20, and FS W-S-896.
Switches, 120/277 V, 20 A:
Single Pole:
Products: Subject to compliance with requirements, provide one of the following:
Eaton: AH1221.
Hubbell: HBL1221.
Leviton: 1221-S.
P & S: PS20AC1.
Three Way:
Products: Subject to compliance with requirements, provide one of the following:
Eaton: AH1223.
Hubbell: HBL1223.
Levition: 1223-S.
P & S: PS20AC3.
Four Way:
Products: Subject to compliance with requirements, provide one of the following:
Eaton: AH1224.
Hubbell: HBL1224.
Leviton: 1224-S.
P & S: PS20AC4.
Lighted Toggle:
Products: Subject to compliance with requirements, provide one of the following:
Eaton: AH1221LTW (SP), AH1223LTW (3-Way)
Hubbell: HBL1221IL (SP), HBL1223IL (3-Way)
Leviton: 1221-LH (SP), 1223-LH (3-Way)
P & S: PS20AC1SL (SP), SP20AC3SL (3-Way)
Pilot Light (Red):
Eaton: AH1221PL (SP), AH1223PL (3-Way), AH1224PL (4-Way)
Hubbell: HBL1221PL (SP), HBL1223PL (3-Way)
Leviton: 1221-PL (SP), 1223-PL (3-Way)
P & S: PS20AC1PL (SP), PS20AC3PL (3-Way)
WALL-BOX DIMMERS
Audible frequency and EMI/RFI suppression filters.
Control: Continuously adjustable slider; with single-pole or three-way switching. Comply with UL 1472.
LED Lamp Dimmer Switches: Modular; compatible with LED lamps and drivers; trim potentiometer to adjust low-end dimming; capable of consistent dimming with low end not greater than 10 percent of full brightness.
Products: Subject to compliance with requirements, provide one of the following:
Eaton: SF10P.
Leviton: IP710-LFZ.
Lutron: DVSTV (Diva Series)
P & S: CD4FBL3P (Titan Series).
WALL PLATES
Single and combination types shall match corresponding wiring devices.
Plate-Securing Screws: Metal with head color to match plate finish.
Material for Finished Spaces:  0.035-inch-thick, satin-finished, Type 302 stainless-steel.
Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in wet and damp locations.
Material for areas classified as hazardous locations: Where required by NEC, shall be NEMA 7 explosion-proof and comply with UL 886. 
In corrosive locations, where the conduit system is PVC-coated, wall plates shall be Type 316 stainless-steel, or non-metallic thermoplastic or fiberglass reinforced plastic material.
EXTERIOR WALL COVER PLATES
Single and combination types shall be as follows:
All exterior device cover plates shall be while-in-use style.
All exterior device cover plates shall be cast aluminum.
Manufacturers and model shall be as follows:
Single Gang Horizontal Mount:
Hubbell: WP26EH.
Leviton: IUM1H-GY.
P & S: WIUCAST1.
Single Gang Horizontal Mount:
Hubbell: WP26E.
Leviton: IUM1V-GY.
P & S: WIUCAST1.
Double Gang Mount:
Hubbell: WP262E.
Leviton: IUM2V-GY.
P & S: WIUCAST2.
FINISHES
Device Color:
Wiring Devices Connected to Normal Power System:  As selected by Engineer unless otherwise indicated or required by NFPA 70 or device listing.
Wiring Devices Connected to Emergency Power System: Red.
Wall Plate Color: For plastic covers, match device color.
EXECUTION
INSTALLATION
Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
Coordination with Other Trades:
Protect installed devices and their boxes. Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of boxes.
Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.
Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.
Install wiring devices after all wall preparation, including painting, is complete.
Conductors:
Do not strip insulation from conductors until right before they are spliced or terminated on devices.
Strip insulation evenly around the conductor using tools designed for the purpose. Avoid scoring or nicking of solid wire or cutting strands from stranded wire.
The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.
Existing Conductors:
Cut back and pigtail, or replace all damaged conductors.
Straighten conductors that remain and remove corrosion and foreign matter.
Pigtailing existing conductors is permitted, provided the outlet box is large enough.
Device Installation:
Replace devices that have been in temporary use during construction and that were installed before building finishing operations were complete.
Keep each wiring device in its package or otherwise protected until it is time to connect conductors.
Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.
Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
When there is a choice, use side wiring with binding-head screw terminals. Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
Use a torque screwdriver when a torque is recommended or required by manufacturer.
When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.
Tighten unused terminal screws on the device.
When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting screws in yokes, allowing metal-to-metal contact.
Receptacle Orientation:
Install ground pin of vertically mounted receptacles down, and on horizontally mounted receptacles to the right.
Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
Dimmers:
Install dimmers within terms of their listing.
Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device listing conditions in the written instructions.
Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top. Group adjacent switches under single, multi-gang wall plates.
Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings.
GFCI RECEPTACLES
Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.
IDENTIFICATION
Comply with Section 26 0553 "Identification for Electrical Systems."
Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.
FIELD QUALITY CONTROL
Test Instruments: Use instruments that comply with UL 1436.
Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.
Perform the following tests and inspections:
Test Instruments: Use instruments that comply with UL 1436.
Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.
Tests for Convenience Receptacles:
Line Voltage: Acceptable range is 105 to 132 V.
Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable.
Ground Impedance: Values of up to 2 ohms are acceptable.
GFCI Trip: Test for tripping values specified in UL 1436 and UL 943.
Using the test plug, verify that the device and its outlet box are securely mounted.
Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems. Correct circuit conditions, remove malfunctioning units and replace with new ones, and retest as specified above.
Wiring device will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.
+ + END OF SECTION + +
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FUSES
v. 3.21
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install fuses with size and trip rating as shown or specified.
Cartridge fuses rated 600-V ac and less for use in enclosed switches and enclosed controllers.
*********************************************************************************************
NTS: Retain item below if applicable.
*********************************************************************************************
Spare-fuse cabinets.
Coordination:
Review installation procedures under other Sections and coordinate installation of items to be installed with or before Fuses.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 24 19, Motor Control Centers.
Section 26 28 16, Enclosed Switches and Circuit Breakers.
Section 26 29 13, Motor Controllers.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
UL 486A, Standard for Safety for Wire Connectors and Soldering Lugs for Use With Copper Conductors
UL 248-1 Low-Voltage Fuses – Part 1: General Requirements
UL 248-4 Low-Voltage Fuses – Part 4: Class CC Fuses
UL 248-8 Low-Voltage Fuses – Part 8: Class J Fuses
UL 248-10 Low-Voltage Fuses – Part 10: Class L Fuses
UL 248-12 Low-Voltage Fuses – Part 12: Class R Fuses
NEMA FU 1, Low Cartridge Fuses
NFPA 70, National Electrical Code. 
COORDINATION
Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size and with system short-circuit current levels.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS 
Action Submittals. Submit the following:
Product Data: 
Fuses - Product Data
For each type of product.  
Shop Drawings:
Fuses - Shop Drawings
 Include the following for each fuse type indicated:
Dimensions and manufacturer's technical data on features, performance, electrical characteristics, and ratings.
Current-limitation curves for fuses with current-limiting characteristics.
Time-current coordination curves (average melt) and current-limitation curves (instantaneous peak let-through current) for each type and rating of fuse.
Coordination charts and tables and related data.
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 (NOT USED)
Field Quality Control Submittals (NOT USED)
Qualifications Statements
Manufacturer Qualifications Statements
Submit manufacturer qualifications when requested by Engineer.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data
Fuses - Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, and description of operation.
Recommended Spare Parts and Extra Stock Materials: Include list of additional spare parts or extra stock materials recommended for use with enclosed molded-case circuit breakers.  Describe each recommended part, quantity recommended, current unit price, and ordering information.
Comply with Section 01 78 23, Operations and Maintenance Data.
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation
Manufacturer’s Warranty Documentation
Submit manufacturer’s warranty documentation.
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following:
Spare Parts
Fuses - Spare Parts
Furnish one set of spare fuses for each size and type to be installed.
Extra Stock Materials. (NOT USED)
Tools.
Fuses -Tools
Furnish one set of fuse pullers for each size and type installed.
QUALITY ASSURANCE
Regulatory Requirements:
*********************************************************************************************
NTS: Retain applicable regulations and add others as required.
*********************************************************************************************
NEC Article 240, Overcurrent Protection.
Fuses shall bear the UL label.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Where ambient temperature to which fuses are directly exposed is less than 40 degrees F (5 degrees C) or more than 100 degrees F (38 degrees C), apply manufacturer’s ambient temperature adjustment factors to fuse ratings.
Manufacturer:
Manufacturer shall have not less than five years of experience producing substantially similar equipment to that required and, upon request, shall submit documentation of not less than five installations in satisfactory operation for not less than five years in the United States.
Fuses shall be product of a single manufacturer.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by the following:
Cooper Bussmann, Inc. (Eaton)
Mersen SA
Littlefuse, Inc.
The listing of specific manufacturers above does not imply acceptance of their products that do not meet the specified ratings, features and functions. Manufacturers listed above are not relieved from meeting these specifications in their entirety.
CARTRIDGE FUSES
Characteristics: NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with circuit voltages.
Fuses shall be 600V rated.
*********************************************************************************************
NTS: Delete paragraph “2.3” if not required.
*********************************************************************************************
SPARE-FUSE CABINET
Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key- coded cam lock and pull.
Size of cabinet: Adequate for storage of spare fuses specified with 15 percent spare capacity minimum.
Finish: Gray, baked enamel.
Identification: "SPARE FUSES" in 1-1/2-inch- (38-mm-) high letters on exterior of door.
Fuse Pullers: Provide for each size of fuse.
List of fuse sizes/types provided.
EXECUTION
EXAMINATION
Examine fuses before installation. Reject fuses that are moisture damaged or physically damaged.
Examine holders to receive fuses for compliance with installation tolerances and other conditions affecting performance, such as rejection features.
Examine utilization equipment nameplates and installation instructions. Install fuses of sizes  and with characteristics appropriate for each piece of equipment.
Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to fuse ratings.
Proceed with installation only after unsatisfactory conditions have been corrected.
FUSE APPLICATIONS
Provide fuses in accordance with equipment nameplates and manufacturers’ requirements.
Application:
Main Service: Class L, fast acting.
Main Feeders: Class J, time delay.
Motor Branch Circuits: Class RK1, time delay.
Other Branch Circuits: Class RK5, non-time delay.
Cartridge Fuses:
Motor/VFD Branch Circuits: Class RK1, time delay.
Other Branch Circuits: Class RK1, time delay.
Feeder or Large Motor Circuits 601 - 4000A: Class L, time delay.
Elevator Branch Circuits: Class J, fast acting.
Control Circuits: Class CC, time delay, and control transformer duty.
INSTALLATION
Install fuses in fusible devices. Arrange fuses so rating information is readable without removing fuse.
*********************************************************************************************
NTS: Delete paragraph “B” if not required.
*********************************************************************************************
Install spare-fuse cabinet(s) in main electric rooms and mechanical rooms as directed by Plant Staff, stock with list of inventory, spares and fuse pullers.
IDENTIFICATION
Install labels complying with requirements for identification specified in Section 26 05 53, Identification for Electrical Systems and indicating fuse replacement information on inside door of each fused switch and adjacent to each fuse block, and holder.
*********************************************************************************************
NTS: Delete paragraph “3.5” if not required.
*********************************************************************************************
COORDINATION STUDY
Where coordination study recommends changes in types, classes, features or ratings of equipment or devices specified herein from those indicated, make written request for instructions. Obtain instructions from ENGINEER before ordering equipment or devices recommended to be changed.
+ + END OF SECTION + +
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ENCLOSED SWITCHES AND CIRCUIT BREAKERS
v. 3.21
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install enclosed switches and circuit breakers in NEMA-rated enclosure with size and trip rating as shown or specified.
Coordination:
Review installation procedures under other Sections and coordinate installation of items to be installed with or before Enclosed Switches and Circuit Breakers Work.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 29, Hangers and Supports for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 33, Raceways and boxes
Section 26 28 13, Fuses
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
UL 486A, Standard for Safety for Wire Connectors and Soldering Lugs for Use With Copper Conductors
UL 98, Enclosed and Dead-Front Switches.
NEC 404, Switches
NEMA KS 1, Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts Maximum).
NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum).
NEMA AB 1, Molded-case Circuit Breakers
NEMA FU 1, Low Cartridge Fuses
NFPA 70, National Electrical Code.
QUALITY ASSURANCE
Regulatory Requirements:
*********************************************************************************************
NTS: Retain applicable regulations and add others as required.
*********************************************************************************************
NEC Article 404, Switches.
Enclosed switches and circuit breakers shall bear the UL label.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Testing Agency Qualifications: In addition to requirements specified in Section 26 01 26 independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907, or shall be full member company in InterNational Electrical Testing Association.
Manufacturer:
Manufacturer shall have not less than five years of experience producing substantially similar equipment to that required and, upon request, shall submit documentation of not less than five installations in satisfactory operation for not less than five years in the United States.
Enclosed switches and circuit breakers shall be product of a single manufacturer.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Switches and Circuit Breakers - Product Data
Manufacturer’s technical information for enclosed switches and circuit breakers proposed for use including, but not limited to descriptive data and time-current curves for protective devices and let-through current curves for those devices with current-limiting characteristics.
Shop Drawings
Switches and Circuit Breakers - Shop Drawings
Listing of each switch to be furnished, including location, rating, and NEMA enclosure type for each.
Outline drawings with dimensions, materials of construction, installation details, accessories, and equipment ratings for voltage, amperage and short-circuit.
Wiring diagrams detailing power and control wiring and differentiating clearly between manufacturer-installed wiring and field-installed wiring.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates  (NOT USED)
Switches and Circuit Breakers - Manufacturer Certificates
Manufacturer’s certification of completed installation.
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals 
Switches and Circuit Breakers - Source Quality Control Reports
Results of required source quality control tests and inspections when requested by Engineer.
Field Quality Control Submittals (NOT USED)
Qualifications Statements 
Manufacturer’s Qualification Statements
Submit manufacturer qualifications when requested by Engineer.
Manufacturer Reports (NOT USED)
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data 
Switches and Circuit Breakers - Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, and description of operation.
Comply with Section 01 78 23, Operations and Maintenance Data.
Recommended Spare Parts and Extra Stock Materials: Include list of additional spare parts or extra stock materials recommended for use with enclosed molded-case circuit breakers.  Describe each recommended part, quantity recommended, current unit price, and ordering information.
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:
*********************************************************************************************
NTS: Delete paragraph “a” if not required.
*********************************************************************************************
Spare Parts
Switches and Circuit Breaker - Spare Parts
Furnish one set of spare fuses for each fused disconnect switch to be installed.
Extra Stock Materials (NOT USED)
Tools (NOT USED)
PRODUCTS
ENCLOSED SWITCH MANUFACTURERS
Manufacturers:  Provide products of one of the following:
Cutler Hammer (Eaton).
Siemens
Square D (Schneider Electric).
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
ENCLOSED SWITCH MATERIALS
Service Disconnect Switches:
Type: Fused, heavy‑duty, single throw, quick‑make, quick‑break mechanism, visible blades in “OFF” position and safety handle.
Rating: Voltage, current and short circuit ratings and number of poles as shown or indicated on the Drawings.  Switch shall bear UL label indicating suitability for use as service equipment and shall comply with UL 98, NEMA KS 1, and NEMA 250.
*********************************************************************************************
NTS:  Delete paragraph “3” if not required.
*********************************************************************************************
Provide auxiliary dry contacts to indicate switch position where shown on the Drawings.
Disconnect shall be lockable in the “ON” and “OFF” positions.
Single Throw, Circuit Disconnect Switches:
Type:  Fused or unfused, horsepower rated, heavy‑duty, single throw, quick‑ make, quick‑break mechanism, visible blades in the "OFF" position and safety handle.
Rating:  Voltage and current ratings and number of poles as required for motor or equipment circuits being disconnected.  Switches shall bear a UL label and shall comply with the requirements of UL 98, NEMA KS 1 and NEMA 250.
*********************************************************************************************
NTS: Delete paragraph “3” if not required.  Some VFD manufacturers require an auxiliary contact to be wired to disable the drive to avoid potential VFD damage from opening the output leads while the drive is running.  Coordinate with and edit section 26 29 23, low-voltage variable frequency drives, accordingly.
*********************************************************************************************
Provide auxiliary dry contacts to indicate switch position.
Disconnect shall be lockable in the “ON” and “OFF” positions.
Double Throw Safety Switches:
Approved manufacturer for this switch shall be Cutler-Hammer (Eaton).
Type: Fused, double throw with center “OFF” position, quick‑make, quick‑break mechanism, visible blades in the “OFF” position, and safety handle.
Rating: Service Entrance Rated, voltage and current ratings and number of poles as required for circuits being disconnected.  Switches shall bear UL label and shall comply with UL 98, NEMA KS 1, and NEMA 250.
*********************************************************************************************
NTS:  Change paragraph “4” as required.
*********************************************************************************************
Switches shall include Cam-Lok connections for portable generator hook-up.
Cam-Lok connections shall be female.
Enclosure shall be NEMA 3R Stainless-steel.
*********************************************************************************************
NTS:  Delete paragraph “6” if not required.
*********************************************************************************************
Provide auxiliary dry contacts to indicate switch position.
Disconnect shall be lockable in the two (2) “ON” and one (1) “OFF” positions.
Enclosure: NEMA KS 1, Type 12, unless specified or required otherwise to meet environmental conditions of installed location.
Outdoor or Other Wet or Damp Indoor Locations: NEMA Type 4X 316 stainless-steel
Hazardous Areas Indicated on Drawings: NEMA Type 7C.
Identification:
Identify enclosures in accordance with Section 26 05 53, Identification for Electrical Systems.
Provide nameplate to identify the equipment served by enclosed switch and associated source of power.
CARTRIDGE FUSES
Characteristics: NEMA FU 1, nonrenewable cartridge fuse; class as specified or indicated; current rating as indicated; voltage rating consistent with circuit voltage.
ENCLOSED CIRCUIT BREAKERS
Manufacturer: Provide equipment by one of the following:
Eaton Cutler Hammer.
Siemens.
Schneider Electric; Square-D.
Enclosed Molded-Case Circuit Breaker: NEMA AB 1, handle lockable with 2 padlocks.
Characteristics:
Frame size, trip rating, number of poles, and auxiliary devices as indicated
Interrupting capacity rating to meet available fault current, 10,000 symmetrical rms amps minimum
Appropriate application listing when used for switching fluorescent lighting loads or heating, air conditioning, and refrigeration equipment.
Interchangeable Trips: Circuit breakers, 200 amps and larger, with trip units interchangeable within frame size.
Field-Adjustable Trips: Circuit breakers, 400 amps and larger, with adjustable short time and continuous current settings.
Current-Limiting Trips: Where indicated, let-through ratings less than NEMA FU 1, Class RK-5.
Current Limiters: Where indicated, integral fuse listed for circuit breaker.
Molded-Case Switch: Where indicated, molded-case circuit breaker without trip units.
Lugs: Mechanical lugs and power-distribution connectors for number, size, and material of conductors indicated.
Shunt Trip: Where indicated, 120 volts, 60 Hz.
Accessories: Provide normally open auxiliary contact for remote monitoring by the PLC for all motors, gates, valves, and other devices as specified. 
Enclosure: NEMA AB 1, Type 12, unless specified or required otherwise to meet environmental conditions of installed location.
Outdoor or Other Wet or Damp Indoor Locations: NEMA Type 316 4X stainless-steel
Hazardous Areas Indicated on Drawings: NEMA Type 7C.
Disconnect shall be lockable in the “ON” and “OFF” positions.
EXECUTION
INSPECTION
Examine conditions under which the Work will be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
ENCLOSED SWITCH AND CIRCUIT BREAKER INSTALLATION
Install in accordance with NFPA 70, and Laws and Regulations.
Mounting and Installation:
Install equipment to provide sufficient access and working space for ready and safe operation and maintenance.  Equipment centerline shall not be less than four feet above finished floor.
Securely fasten equipment to walls or other surfaces on which equipment is mounted.  Provide independent supports complying with Section 26 05 29 Hangers and Supports for Electrical Systems, where there is no wall or other surface capable of supporting the equipment.
Provide suitable 1/4‑inch spacers to prevent mounting enclosure directly against walls.
Adjustments: Perform field adjustments of circuit breakers as required to place equipment in operating condition.  Adjustable breaker settings shall be in accordance with the accepted power distribution coordination study prepared under Section 26 05 73, Electrical Power Distribution System Studies, or as directed by Engineer.
Install enclosed switches and circuit breakers in locations as indicated, according to manufacturer's written instructions.
Install enclosed switches and circuit breakers level and plumb.
Install wiring between enclosed switches and circuit breakers and control/indication devices.
Connect enclosed switches and circuit breakers and components to wiring system and to ground as indicated and instructed by manufacturer. Tighten connectors and terminals, including screws and bolts according to equipment manufacturer's published torque tightening values for equipment connectors. Where manufacturer's torque requirements are not indicated, tighten connectors and terminals according to recommended torque requirements specified in UL Standard 486A.  Mark lug and or bolts with paint maker stick after applying proper torque.
FUSE APPLICATIONS
Main Service: Class L, fast acting.
Main Feeders: Class J, time delay.
Motor Branch Circuits: Class RK1, time delay.
Other Branch Circuits: Class RK5, non-time delay.
IDENTIFICATION
Install typewritten labels on inside door of each fused switch to indicate fuse replacement information.
*********************************************************************************************
NTS: Delete paragraph “3.5” if not required.
*********************************************************************************************
COORDINATION STUDY
Where coordination study recommends changes in types, classes, features or ratings of equipment or devices specified in Section 26 05 73 from those indicated, make written request for instructions. Obtain instructions from ENGINEER before ordering equipment or devices recommended to be changed.
*********************************************************************************************
NTS: Edit this item as required for the scope of this project.
*********************************************************************************************
FIELD QUALITY CONTROL
Field Tests and Inspections:
All test equipment and material shall be by Contractor.
Perform visual and mechanical inspection including:
Inspect for physical, electrical, and mechanical condition.
Check for proper installation, required area clearances, physical damage and proper alignment.
Check electrical and mechanical interlock systems for proper operation.
Clean and lubricate as required.
Other testing and inspections recommended by manufacturer.
Manufacturer’s Services:
Provide services of qualified, factory-trained manufacturer’s representative to advise Contractor on installation of the equipment and to check the installed equipment prior to start-up.
Qualified factory-trained manufacturer’s representative shall certify in writing that equipment has been installed, adjusted, and tested in accordance with manufacturer’s recommendations.
*********************************************************************************************
NTS: Coordinate training requirements with section 01 79 23, Instruction of Operations and Maintenance Personnel.
*********************************************************************************************
Furnish services of qualified trained specialist, with minimum of five years experience, from manufacturer to instruct Owner’s operations and maintenance personnel in recommended operation and maintenance of the equipment.  Training requirements, duration of instruction, and other requirements shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
ADJUSTING
*********************************************************************************************
NTS: Coordinate adjusting requirements with Owner. Edit section below if 26 02 20 Electrical Power System Study is not included in Project.
*********************************************************************************************
Set field-adjustable pick-up and time-sensitivity ranges in accordance with Section 26 02 20.
CLEANING
Upon completion of installation, inspect enclosed switch or circuit breakers. Remove paint splatters and other spots, dirt, and debris. Touch up scratches and mars of finish to match original finish.
+ + END OF SECTION + +
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MOTOR CONTROLLERS
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required for motor controllers.
*********************************************************************************************
NTS: Retain applicable Controllers and add others as required.
*********************************************************************************************
Motor Controllers included:
Fractional Horsepower Manual Controllers
Manual motor controllers.
Combination full-voltage magnetic motor controllers.
Combination reduced-voltage soft start motor controllers.
Enclosures.
Accessories.
Identification.
Coordination:
To properly size circuit breakers, controllers, and control power transformers, obtain motor nameplate data on equipment being furnished under this and other contracts as required.
To properly size control power transformers, obtain data on motor space heater and other accessories.
Review installation procedures under this and other Sections and coordinate installation of items to be installed with or before motor controllers Work.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural Division 01 sections.  
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 73, Electrical Power Distribution System Studies
Section 26 09 13, Electrical Power Monitoring
Section 26 24 19, Motor Control Centers
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
NEC Article 430, Motors, Motor Circuits, and Controllers.
NEMA ICS 2, Controllers, Contactors and Overload Relays Rated 600 Volts.
NEMA ICS 2‑110, General Standards for Manual and Magnetic Controllers.
NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum).
UL 508, Industrial Control Equipment
DEFINITIONS
Definitions referenced in this Section are:
CPT: Control power transformer.
MCCB: Molded-case circuit breaker.
MCP: Motor circuit protector.
NC: Normally closed.
OCPD: Overcurrent protective device.
SCCR: Short-circuit current rating.
SCPD: Short-circuit protective device.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data:
Motor Controllers - Product Data
Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
Product Schedule:  List the following for each enclosed controller:
Each installed controller type.
NRTL listing.
Factory-installed accessories.
Nameplate legends.
SCCR of integrated unit.
For each combination magnetic controller include features, characteristics, ratings, and factory setting of the SCPD and OCPD.
Shop Drawings
Motor Controllers - Shop Drawings
Include plans, elevations, sections, and mounting details.
indicate dimensions, weights, required clearances, and location and size of each field connection.
Wire Termination Diagrams and Schedules: 
Include diagrams for signal, and control wiring.  Identify terminals and wiring designations and color-codes to facilitate installation, operation, and maintenance.  
Indicate recommended types, wire sizes, and circuiting arrangements for field-installed wiring, and show circuit protection features.
Differentiate between manufacturer-installed and field installed wiring.
Include features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
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 (NOT USED)
Field Quality Control Submittals
Visual and Mechanical Inspection Report
Electrical Test Report
System Function Test Report
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
Motor Controllers Operation and Maintenance Data
In addition to items specified in Section 01 78 23 "Operation and Maintenance Data," include the following:
Routine maintenance requirements for magnetic controllers and installed components.
Manufacturer's written instructions for testing and adjusting circuit breaker and MCP trip settings.
Manufacturer's written instructions for setting field-adjustable overload relays.
Load-Current and Overload-Relay Heater List: Compile after motors have been installed, and arrange to demonstrate that selection of heaters suits actual motor nameplate full-load currents.
Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have been installed, and arrange to demonstrate that switch settings for motor-running overload protection suit actual motors to be protected.
Record Documentation
Motor Controllers - Record Documentation
Provide record documentation as stated within Contract Documents.
Training Material (NOT USED)
Warranty Documentation
Motor Controllers - Warranty Documentation
Provide the warranty information as stated within the Contract Documents.
Bonds (NOT USED)
Sustainable Design Closeout (NOT USED)
Software (NOT USED)
Maintenance Material Submittals. Submit the following:
*********************************************************************************************
NTS: Edit the required spare parts to suit the Project.  
*********************************************************************************************
Spare Parts
Motor Controllers – Spare Parts
Fuses for Fused Switches:
Equal to 10 percent of quantity installed of each size and type, but no fewer than three of each size and type.
Control Power Fuses:
Equal to 10 percent of quantity installed of each size and type, but no fewer than three of each size and type.
Indicating Lights: 
Two of each type and color installed.
Auxiliary Contacts: 
Furnish one spare for each size and type of magnetic controller installed.
Power Contacts: 
Furnish three spares for each size and type of magnetic contactor installed.
Extra Stock Materials (NOT USED)
Tools (NOT USED)
QUALITY ASSURANCE
Regulatory Requirements: Comply with the following:
NEC Article 430, Motors, Motor Circuits, and Controllers.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Testing Agency Qualifications: Independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907, or shall be full member company in InterNational Electrical Testing Association (NETA).
DELIVERY, STORAGE, AND HANDLING
Upon delivery, check materials and equipment for evidence of water that may have entered equipment during transit.
Storage and Protection:
Store motor controllers in a clean, dry location with controls for uniform temperature and humidity.  Protect equipment with coverings and maintain environmental controls.
COORDINATION
Coordinate features of controllers and accessory devices with pilot devices and control circuits to which they connect. 
Coordinate features, accessories, and functions of each motor controller with ratings and characteristics of supply circuit, motor, required control sequence, and duty cycle of motor and load.
Coordinate communication with control circuits to which they connect.
PRODUCTS
MANUFACTURERS
*********************************************************************************************
NTS:  Edit paragraph “A” to suit the Project. 
*********************************************************************************************
Manufacturers: Provide equipment by one of the following:
Allen-Bradley (Rockwell Automation).
Cutler-Hammer (Eaton).
Siemens.
Square D (Schneider Electric).
MATERIALS
*********************************************************************************************
NTS: Edit paragraph “A”, below, to suit the Project.
*********************************************************************************************
General: Motor controllers shall comply with NEMA ICS 2-110 and be provided as shown with the following ratings:
Voltage: Voltage rating and number of wires shall be as shown or indicated on the Drawings.
Wiring: NEMA Class II, Type B.
Enclosure: Panel enclosures shall be required for area classifications specified in Section 26 05 05, General Provisions for Electrical Systems, unless otherwise indicated on on the Drawings.
Interrupting Capacity Rating: Motor controller shall have an interrupting capacity rating of 65kAIC or as indicated on the Drawings.  Devices shall be suitable for minimum rating indicated.
NEMA 1 minimum motor starter size.  Starter units completely draw out type in Sizes 1 and 2 and draw out type after disconnecting power leads only in Sizes 3 and 4. 
Overload Relays: Provide an overload relay for each motor controller.  Overload relays shall be in accordance with the following:
*********************************************************************************************
NTS: Retain one version of paragraph “a”, below, and delete the other. The preference is for electronic overload relays. The first version is for thermal overload relays, and the second version is for electronic overload relays.  Consider providing ground fault protection for motors 200-hp and larger, and for motors considered critical.
*********************************************************************************************
Thermal Overload Relays: Relays shall be thermal, bimetallic type, direct or current sensing.  Relays shall include ambient compensation and be equipped with separate heater elements sized for full-load amperes and service factor of actual motors furnished.
0. Electronic Overload Relays: Relays shall be electronic type.  Electronic relays shall be multi-function, adjustable, current sensing, type, and include overload, phase-unbalance, phase-loss, and equipment type ground fault in one package.
Each overload relay shall be manual reset type and shall include provisions for resetting by an insulating button on front of starter unit door.
Each overload relay shall include a normally-open auxiliary contact and a normally-closed auxiliary contact for remote alarm purposes.
Size each overload relay for full-load amperes and service factor of actual motors installed.
Individual control power transformers for all controllers, capacity as required for all control circuit devices, 100 VA minimum, Class A insulation, two primary fuses, 120-volt secondary, one secondary fuse, and the other secondary leg grounded.
Motor horsepower shown are preliminary.  Circuit breaker trips and starter overload heaters to be coordinated with the actual equipment installed.
Auxiliary contacts, relays, timers as required for specified control functions and those shown on Drawings.
Starter devices, including spare contacts, shall be wired to numbered terminal blocks.
Control devices shall be 600-volt heavy duty, NEMA A600.  Relays shall have convertible contacts.
1.1 
1.2 
*********************************************************************************************
NTS: Retain sections 2.3 thru 2.6 as required.  Delete sections not required.
*********************************************************************************************
FRACTIONAL HORSEPOWER MANUAL CONTROLLERS
"Quick-make, quick-break" toggle or push-button action; marked to show whether unit is off, on, or tripped.
Configuration: Non-reversing
Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping characteristics; heaters matched to nameplate full-load current of actual protected motor; external reset push button; Bimetallic.
Mounting: Refer to Drawings for installation requirements.
Pilot Light: Red.
MANUAL MOTOR CONTROLLERS
Low-Voltage Manual Motor Starters:
*********************************************************************************************
NTS:  Edit paragraph “1.” to suit the Project.
*********************************************************************************************
Type:  Toggle-operated, horsepower-rated, with thermal overload protection.
Where shown or indicated on the Drawings, provide manual motor starters rated 600-volt, three-pole, 20-amp without overload protection for use as disconnects.
Where shown or indicated on the Drawings, provide starters rated for 600-volt, three-pole; 240-volt, two-pole; or 120-volt, single-pole with amperage and horsepower rating as required for load to be controlled.
Enclosure: As required for area classifications specified in Section 26 05 05, General Provisions for Electrical Systems.
Identification: Identify controllers in accordance with Section 26 05 53, Identification for Electrical Systems.  Identify per the equipment controlled.
Controller shall comply with NEMA ICS 2‑110 and UL 508.
COMBINATION MAGNETIC MOTOR CONTROLLERS
Description: NEMA ICS 2, Class A, full voltage, non-reversing, across-the-line, unless otherwise indicated.
Control Circuit: 120 V; obtained from integral control power transformer, unless otherwise indicated. Include control power transformer with adequate capacity to operate connected pilot, indicating and control devices, plus 100% spare capacity.
*********************************************************************************************
NTS:  Edit paragraph “C.” to suit the Project.
*********************************************************************************************
Combination Controller: Factory-assembled combination controller and disconnect switch with or without overcurrent protection as indicated.
Fusible Disconnecting Means: NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips rated for fuses indicated. Select and size fuses to provide Type 2 protection according to IEC 947-4-1, as certified by Nationally Recognized Testing Laboratory.
Circuit-Breaker Disconnect: NEMA AB 1, motor-circuit protector with field-adjustable short-circuit trip coordinated with motor locked-rotor amperes.
*********************************************************************************************
NTS:  Edit paragraph “D.” to suit the Project.
*********************************************************************************************
Overload Relay:
Electronic solid state type with inverse-time-current characteristic, phase loss and phase unbalance protection.
Provide NEMA Class 20 heaters or sensors in each phase matched to nameplate full load current of specific motor to which connected with appropriate adjustment for duty cycle.
Enhanced Protection Overload Relay: Provide overload relays with NEMA Class 10 or better tripping characteristics for submersible equipment or where indicated. Select to protect motor against voltage unbalance and single phasing.
When power factor correction capacitors are indicated provide termination lugs on line side of overload relays.
Time Delay Restart Relays: Solid-state sensing circuit with isolated output contacts for hard-wired connection.
Provide in starter enclosure for Size 2 and larger starters.
Delay initial motor start.
Delay motor restart due to starter dropout caused by undervoltage or starter coil circuit interruption for maintained control circuits.
Adjustable on delay from 0.15 to 30.0 sec; set at 10.0 sec.
Connect control relay in motor starter coil circuit.
Coordinate control relay section with motor starter to cause motor starter to drop out at voltage slightly higher than dropout voltage of starter and have dropout time slightly faster than motor starter to ensure if motor starter drops out, relay will drop out.
COMBINATION REDUCED-VOLTAGE SOFT START MOTOR CONTROLLERS
Design, fabricate, and test combination reduced-voltage soft start motor controllers in accordance with NEMA ICS 2 and NEMA 250.
*********************************************************************************************
NTS: Edit paragraph “B”, below, to suit the project.  Coordinate indication for power loss.  Add auxiliary contact on circuit breaker, when required.
*********************************************************************************************
General:
Provide solid-state, step-less, current limiting, soft-start, motor controllers (RVSS) as shown or indicated on the Drawings.
RVSS shall be three-phase type and shall include an overload relay and isolation contactor.
Provide subsystems that will protect RVSS from damage due to over-current and over-voltage.
Current Rating: 115 percent of motor nameplate rated current, continuous, minimum.
Required Features:
Adjustable current limit of not more than 250 percent of motor nameplate full-load current throughout entire motor acceleration period including first three cycles of voltage waveform from instant start signal is engaged.
Adjustable voltage acceleration, from two to 30 seconds.
Adjustable voltage deceleration, from two to 30 seconds.
Phase loss detection.
LED diagnostic indicators.
Static over-current and over-voltage trip.
Phase reversal, line or fuse loss, and under-voltage protection.
Power unit over temperature protection.
Motor inverse time overload protection.
Input line transient over-voltage protection.
Enclosure:
Cooling fans, if required, shall incorporate anti-friction bearings and internal impedance type motor protection.
If cooling fans are used, install in accordance with NEMA ICS 1-110 by motor control center manufacturer.
On start-up, start driven equipment at zero current and allow driven equipment to accelerate to maximum speed without exceeding the set current limit.
On normal shutdowns, ramp driven equipment down at set deceleration rate that is non-regenerative for motor prior to shutdown.
On emergency shutdowns, remove power to motor.
Diagnostic LEDs: Provide LEDs on unit front that indicate the following:
Control power on.
Motor power on.
Motor starting.
Motor fault.
RVSS fault.
Control Outputs:
Control output shall be electrically isolated, dry, normally open SPDT contacts, rated 10 amps at 120 vac.
Provide the following control outputs:
Motor running.
Motor fault.
RVSS fault.
Overload Relays: Provide an overload relay for each motor controller.  Overload relays shall be in accordance with:
*********************************************************************************************
NTS: Retain one version of paragraph “1”, below, and delete the other.  Use the first version for thermal overload relays, and use the second version for electronic overload relays.  Consider providing ground fault protection for motors 200 hp and larger, and for motors considered to be critical.
*********************************************************************************************
Thermal Overload Relays: Relays shall be thermal, bimetallic type, direct or current sensing.  Relays shall include ambient compensation and be equipped with separate heater elements sized for full load amperes and service factor of actual motors furnished.
Electronic Overload Relays: Relays shall be electronic type, multi-function, adjustable, current sensing type, that include overload, phase-unbalance, phase-loss, and equipment type ground fault in one package.
Each overload relay shall be manual-reset type and include provisions for resetting by an insulating button on front of starter unit door.
Overload relay shall include normally-open auxiliary contact for remote alarm purposes.
Size overload relay for full-load amperes and service factor of actual motors installed.
Pushbuttons, selector switches, pilot lights, and other devices shall be as shown on the Drawings and in accordance with Section 26 24 19 Motor Control Centers.
Provide nameplate identifying equipment controlled in accordance with Section 26 05 53, Identification for Electrical Systems.  
CONTROL ACCESSORIES
Pilot devices shall be 30.5 mm, LED and oil tight.
Pilot Lights: Push to test “Run” and “Stopped” pilot lights.
Pilot Lights shall have lens colors as shown or indicated.  Where no color is indicated, provide the following lens colors:
	Color
	Legend

	Red
	Running, Open

	Green
	Stopped, Closed

	Amber
	Alarm

	Blue
	Power

	White
	Status


Local Off Remote Selector Switches: Where Indicated.
Maintained position unless specified elsewhere.
Contact Blocks:
Double break silver contacts.
Ac Ratings: 7,200 va make, 720 va break.
Single pole, double throw or double pole, single throw.
Up to six tandem blocks.
Operators:
Number of positions as specified elsewhere.
Standard knob type unless specified elsewhere.
Legend plates as required for type of operation or specified elsewhere.
SOURCE QUALITY CONTROL
*********************************************************************************************
NTS: The factory tests specified in paragraph “A”, below, are standard, non-witnessed tests.  When witness tests are required, edit this article to include such requirements.  Coordinate witness testing with project requirements and edit paragraph “A” to suit the Project.
*********************************************************************************************
Prior to shipping, perform factory tests on motor controllers.  Tests shall include manufacturer’s standard tests and the following:
Physical inspection and checking of components.
Mechanical operation and device functionality tests.
Primary, control, and secondary wiring hi-pot tests.
EXECUTION
INSPECTION
Examine conditions under which Work will be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
INSTALLATION
General:
Install equipment in accordance with the Contract Documents, Laws and Regulations, and manufacturer’s installation instructions.  
Install equipment so that sufficient access and working space is provided for ready and safe operation and maintenance.
Securely fasten equipment to walls or other surfaces on which equipment is mounted.  Provide suitable 1/4-inch spacers so that enclosure is not installed directly against walls.  Provide supports to rigidly support equipment reasonably close to motor where no wall or surface capable of supporting equipment exists.
+ + END OF SECTION + +
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*********************************************************************************************
NTS: Use this section when multiple drives, for multiple systems, are specified.  On smaller, single-system projects, it may be appropriate to include the drives in the driven equipment specification section(s). 
*********************************************************************************************
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, services, and incidentals as shown, specified, and required to furnish and install low-voltage variable frequency drives, complete and operational.
Variable frequency drives required under this Section are low-voltage, voltage source inverter, pulse width modulated.  Variable frequency drives shall be customized.
*********************************************************************************************
NTS: Insert at (--1--) specification references to driven equipment and/or existing equipment.  Add paragraphs as required.
*********************************************************************************************
Low-voltage variable frequency drives included in this Section are associated with the following equipment:
(--1--).
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.  

Insert at (--1--) the section number and title of the associated driven equipment; provide additional section numbers and titles to suit the project.  When references to driven equipment are listed below, they must also be listed at an appropriate location in the text of the section; for example at paragraph “1.1.A.3”, above.
*********************************************************************************************
Section 26 05 29, Hangers and Supports for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
(--1--)
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
*********************************************************************************************
NTS: Delete paragraph “1”, below, when harmonic restrictions do not apply.  When harmonic restrictions are necessary, edit this section to clearly state the restrictions and reference IEEE 519 in the text of this section accordingly.
*********************************************************************************************
IEEE 519, Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems.
ISO 9000, Quality Management Systems, Fundamentals and Vocabulary.
ISO 9001, Quality Management Systems, Requirements.
ISO 9002, Quality Systems, Model for Quality Assurance in Production, Installation and Servicing.
NEMA ICS 2, Controllers, Contactors and Overload Relays Rated 600 Volts.
NEMA ICS 7, Industrial Control and Systems Adjustable Speed Drives.
NEMA MG 1, Motor and Generators.
UL 489, Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures.
UL 508, Industrial Control Equipment.
Certifications and approvals shall include for Low Voltage Variable Frequency Drives:
c-UL-us – Listed to UL508C and CAN/CSA-C22.2 for Power Conversion Equipment
C-Tick – AS/NZS, 1997 Group 1, Class A
CE – Marked for all applicable European Directives:
EMC Directive (2004/108/EC), Standards EN 61800-3, EN 50081-1, EN 50082 2
Low Voltage Directive (73/23/EEC), Standards EN 50178, EN 60204
The VFD shall also be designed to meet the appropriate portions of the following specifications:
NFPA 70 – US National Electrical Code
NEMA ICS 3.1 – Safety Standards for Construction and Guide for Selection, Installation and Operation of Adjustable Speed Drive Systems
IEC 146 – International Electrical Code
The VFD shall be listed to UL508C for mounting in plenums and compartments handling conditioned air.
The VFD shall meet the seismic requirements of the 2003 International Building Code as specified by AC156.
National Electrical Manufacturers Association - NEMA 250 - Enclosures for Electrical Equipment.
International Electrical Code - IEC 146.
WARRANTY
The manufacturer shall provide their standard parts warranty for twelve (12) months from the date of being energized.
This warranty applies to variable frequency drive systems.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data:
Low-Voltage Variable Frequency Drives - Product Data
Manufacturer’s technical specifications.
Manufacturer’s catalog cuts and product literature.
Shop Drawings:
Low-Voltage Variable Frequency Drives - Shop Drawings
Dimensional information and construction details of enclosures.  Enclosure details shall consist of exterior and interior front door with nameplate legends, interior door front and rear views, and terminal block layout.
Three‑line power and control schematic diagrams.
Wiring diagrams showing the interconnection of conductors to all devices with terminal assignments for remote devices.
Functional description of system operation.
VFD heat dissipation at full load, including heat rejection/cooling system.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following:
Certificates:
Low-Voltage Variable Frequency Drives – Certificates
Certification letters from low-voltage variable frequency drive manufacturer and motor manufacturer that the approved driven equipment has been reviewed and that variable frequency drive units and motors are compatible and shall be provided in accordance with the Contract Documents and requirements of the driven equipment.
Test and Evaluation Reports:
Low-Voltage Variable Frequency Drives - Testing Plans
Not less than thirty days prior to source quality control testing, submit descriptions of proposed shop testing methods, procedures, apparatus, and limitations.
Not less than thirty days prior to field quality control testing, submit descriptions of proposed field testing methods, procedures, and apparatus.
Manufacturers’ Instructions (NOT USED)
Source Quality Control Submittals:
Low-Voltage Variable Frequency Drives - Source Quality Control 
Within five days of completing source quality control tests and inspections, submit test results with indication of whether all criteria of the Contract Documents for the specified equipment were met.
Field Quality Control Submittals:
Low-Voltage Variable Frequency Drives - Field Quality Control
Within five days of completing field quality control tests and inspections, submit test results with indication of whether all criteria of the Contract Documents for the specified equipment were met.
Qualifications Statements:
Manufacturer Qualifications Statements
When requested by ENGINEER.
Manufacturer Reports:
Low-Voltage Variable Frequency Drives - Manufacturer Reports
Within five days of each visit to the Site by manufacturer’s representative, submit written report of reason for visit, problems encountered, solutions implemented, and remaining work.
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following: 
Operation and Maintenance Data:
Low-Voltage Variable Frequency Drives - Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, description of operation, list of recommended spare parts, and spare parts ordering information.
Manuals shall include record drawings of control schematics, including point-to-point wiring diagrams.
Include a listing of all programmable drive parameters and their settings at Substantial Completion.  Submit parameters as both printed pages in the operations and maintenance manual and in electronic format on compact disc that can be directly uploaded to the drive in event of drive replacement or repair.
Comply with Section 01 78 23, Operations and Maintenance Data.
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)
QUALITY ASSURANCE
Qualifications:
*********************************************************************************************
NTS: Edit or delete paragraph “1”, below, when Project requirements prohibit an experience requirement.
*********************************************************************************************
Manufacturer:
Low-voltage variable frequency drive manufacturer shall have not less than five years of experience designing and regularly manufacturing and servicing   substantially similar equipment to that required, and upon ENGINEER’s request shall submit documentation of not less than five installations in satisfactory operation for not less than five years each.
Manufacturer shall be certified under ISO 9000, ISO 9001, or ISO 9002 for materials and equipment specified.
For all required factory tests, low-voltage variable frequency drive manufacturer shall use a factory test facility that has calibrated its testing apparatus in the previous twelve months, and is staffed by qualified, experienced technicians.
The VFD and all associated optional equipment shall be UL listed or recognized.
The VFD shall contain a UL label attached on the inside of the enclosure cabinet.
Suppliers:
All inspection and testing procedures shall be developed and controlled under the guidelines of the supplier’s quality system and must be registered to ISO 9001 and regularly reviewed and audited by a third party registrar.
The VFD shall be factory pre-wired, assembled and tested as a complete package. 
Component Supply and Compatibility:
Drives specified under this Section employ a low switching frequency or pattern to minimize instantaneous rate of voltage change over time (dv/dt), and the adverse effects of potential bearing currents.  Where alternate manufacturers are proposed, obtain manufacturer recommendations regarding bearing currents and provide equipment required at no additional cost to Owner.
Each low-voltage variable frequency drive shall be fully compatible with associated driven equipment and motors.  Variable frequency drives shall be matched to specific load requirements for each system.  Operation of variable frequency drive shall not overstress motor insulation.
Similar components of drives associated with each system shall be products of a single manufacturer.
DELIVERY, STORAGE, AND HANDLING
Packing, Shipping, Handling, and Unloading:
Packing:
Inspect prior to packing to ensure that assemblies and components are complete and undamaged. 
Protect mating connections.
Cover all openings into enclosures with-vapor inhibiting, water-repellent material.
Indoor containers shall be bolted to skids.
Upon delivery, check materials and equipment for evidence of water that may have entered equipment during transit.
Handling:
Lift, roll or jack low-voltage variable frequency drive equipment into locations shown.
Variable frequency drives shall be equipped for handling required for installation.  Handle equipment in accordance with manufacturer’s requirements.
Storage and Protection:
Store low-voltage variable frequency drive equipment in a clean, dry location with controls for uniform temperature and humidity.  Protect equipment with coverings and maintain environmental controls.
PRODUCTS
VFD CABLE
All 480 VAC variable frequency drives shall be installed using a VFD cable, specifically designed for connection between a VFD and motor. 
Cable shall be provided by VFD manufacturer and rated for specific application.
*********************************************************************************************
NTS: PowerFlex 755 is the preferred variable frequency drive. PowerFlex 755 has a built in Ethernet/IP port and has five I/O slots.
*********************************************************************************************
POWERFLEX 755 VFD
MANUFACTURERS
Allen-Bradley – PowerFlex 755 VFD (No substitutions)
VARIABLE FREQUENCY DRIVE UNIT
Features
Certifications
Listed to UL508C and CAN/CSA-C22.2 No. 14-05
Hardware
Utilize diode bridge or SCR bridge on the input rectifier.
Utilize DC bus inductor on all six-pulse VFDs only.
Utilize switching logic power supply operating from the DC bus.
Incorporate phase to phase and phase to ground MOV protection on the AC input line.
Utilize gold plated plug-in connections on printed circuit boards.
Microprocessor based inverter logic shall be isolated from power circuits.
Utilize latest generation IGBT inverter section.
Inverter section shall not require commutation capacitors.
Embedded Ethernet port for direct network cable connections.
Battery receptacle for Lithium battery power to the Real Time Clock.
Additional DPI port for handheld and remote HIM options.
Dedicated Digital Input for hardware enable.
Conformal coated printed circuit boards.
Optional onboard 24V DC Auxiliary Control Power Supply.
Control Logic
Ability to operate with motor disconnected.
Provide a controlled shut down, when properly protected, with no component failure in the event of an output phase to phase or phase to ground short circuit. Provide annunciation of the fault condition.
Provide multiple programmable stop modes including Ramp, Coast, DC-Brake, Ramp-to-Hold, Fast Braking, and Current Limit Stop.
Provide multiple acceleration and deceleration rates.
Adjustable output frequency up to 650Hz.
DeviceLogix Control
Ability to control outputs and manage status information locally within the VFD.
Ability to function stand-alone or complimentary to supervisory control.
Ability to speed reaction time by processing in the VFD.
Ability to provide scaling, selector switches, or other data manipulations not already built into the VFD.
Ability to read inputs/write outputs and exclusively control the VFD.
Ability to provide an option for decision making if communication is lost with main controller.
Ability to control other VFDs via a peer-to-peer EtherNet/IP network.
Ability to write programs off-line.
Motor Control Modes
Selectable Sensorless Vector, Flux Vector, V/Hz, Interior Permanent Magnet Motor, Surface Mount Permanent Magnet Motor, and Adjustable Voltage Control modes selectable through programming. 
Frame 8 to 10 drives requires encoder to operate a surface permanent magnet motor.
The drive shall be supplied with a Start-up and Auto-tune mode.
The V/Hz mode shall be programmable for fan curve or full custom patterns.
Capable of Open Loop V/Hz.
Current Limit
Programmable current limit from 20 to 160% of rated output current.
Current limit shall be active for all drive states: accelerating, constant speed and decelerating. 
The drive shall employ PI regulation with an adjustable gain for smooth transition in and out of current limit.
Acceleration / Deceleration
Accel/Decel settings shall provide separate adjustments to allow either setting to be adjusted from 0 to 3600 seconds. 
A second set of remotely selectable accel/decel settings shall be accessible through digital inputs.
Speed Profiles
Programming capability shall allow the user to produce speed profiles with linear acceleration/deceleration or "S Curve" profiles that provide changing accel/decel rates. 
S Curve profiles shall be adjustable.
Adjustments
A digital interface can be used for all set-up, operation and adjustment settings. 
All adjustments shall be stored in nonvolatile memory. 
No potentiometer adjustments shall be required. 
Nonvolatile memory for factory default values shall be provided.
Software must be available for trending and diagnostics, as well as online and offline programming functionality.
Process PID Control
The drive shall incorporate an internal process PI regulator with proportional and integral gain adjustments as well as error inversion and output clamping functions.
The feedback shall be configurable for normal or square root functions. If the feedback indicates that the process is moving away from the set-point, the regulator shall adjust the drive output until the feedback equals the reference.
Process control shall be capable of being enabled or disabled with a hardwire input. Transitioning in and out of process control shall be capable of being tuned for faster response by preloading the integrator.
Protection shall be provided for a loss of feedback or reference signal.
Skip Frequencies
Three adjustable set points that lock out continuous operation at frequencies which may produce mechanical resonance shall be provided. 
The set points shall have a bandwidth adjustable from Maximum Reverse Speed to Maximum Forward Speed.
Fault Reset / Run
The drive shall provide up to nine automatic fault reset and restarts following a fault condition before locking out and requiring manual restart. 
The automatic mode shall not be applicable to a ground fault, shorted output faults and other internal microprocessor faults.
The time between restarts shall be adjustable from 0.5 seconds to 30 seconds.
Run on Power Up
A user programmable restart function shall be provided to allow restart of the equipment after restoration of power after long duration power outages. Restart time dependent on presence of incoming signal.
Fault Memory
The last 32 fault codes shall be stored and time stamped in a fault buffer.
Information about the drive’s condition at the time of the last fault such as operating frequency, output current, dc bus voltage and twenty-seven other status conditions shall be stored.
A power-up marker shall be provided at each power-up time to aid in analyzing fault data.
The last 32 alarm codes shall be stored and time stamped for additional troubleshooting reference.
Overload Protection
The drive shall provide internal class 10 adjustable overload protection.
Overload protection shall be speed sensitive and adjustable.
A viewable parameter shall store the overload usage.
Auto Economizer
An auto economizer feature shall be available to automatically reduce the output voltage when the drive is operating in an idle mode (drive output current less than programmed motor FLA). The voltage shall be reduced to minimize flux current in a lightly loaded motor thus reducing kW usage. 
When the load increases, the drive shall automatically return to normal operation.
Terminal Blocks for PowerFlex 755
For frames 1 to 7 a separate terminal blocks shall be provided for power wiring.
For frames 8-10 power wiring is landed on robust L-brackets behind the drive unit. This wiring remains in-place if the drive unit is removed.
Terminal blocks shall be provided for control wiring on all frames 
I/O terminal blocks shall be removable with wiring in place.
Flying Start
The drive shall be capable of determining the speed and direction of a spinning motor and adjust its output to "pick-up" the motor at the rotating speed. This feature is disabled by default.
Inputs and Outputs for PowerFlex 755
The Input / Output option modules shall consist of both analog and digital I/O.
No jumpers or switches shall be required to configure digital inputs and outputs.
All digital input and output functions shall be fully programmable.
The control terminal blocks shall be rated for 115V AC.
Inputs shall be optically isolated from the drive control logic. 
The control interface card shall provide input terminals for access to fixed drive functions that include start, stop, external fault, speed, and enable.
The VFD shall be capable of supporting up to 10 analog inputs, 10 analog outputs, 31 digital inputs, 10 relay outputs, 10 transistor outputs, and 5 positive temperature coefficient (PTC) inputs.
The Input / Output option modules shall have the following features:
Analog Inputs:
Quantity one (1) or two (2) differentially isolated, ±10V (bi-polar), 88k ohm input impedance, 11 bit plus sign.
Analog inputs shall be user programmable for a variety of uses including frequency command and process loop input.  Analog inputs shall be user programmable for function scaling (including invert), offset, signal loss detect and square root.
Analog Outputs:
Quantity one (1) or two (2) ±10V (bi-polar) / 11 bit & sign, 2 k  minimum load, 4-20 mA, 11 bit plus sign, 400  maximum load.
The analog output shall be user programmable to be proportional to one of fourteen process parameters including output frequency, output current, encoder feedback, output power.  
Programming shall be available to select either absolute or signed values of these parameters.
Digital Inputs:
Quantity  three (3) or six (6) digital inputs rated 24V DC/115V AC.
All inputs shall be individually programmable for multiple functions including: Start, Run, Stop, Auxiliary Fault, Speed Select, Jog and Process PI functions.
A single safety input (ATEX) shall be a configurable option for a thermostat or PTC temperature sensor.
Digital Outputs:
At a minimum  one (1) relay output (N.O. or  N.C.).
For 240V AC or 24V DC, N.O. contact output ratings shall be 2 amp max., general purpose (inductive)/resistive. N.C. contact output ratings shall be 2 amp max., resistive only.
Relays shall be programmable to multiple conditions including: Fault, Alarm, At Speed, Drive Ready and PI Excess Error.
Timers shall be available for each output to control the amount of time, after the occurring event, that the output relay actually changes state.
 Transistor outputs are available in quantities varying from zero (0) to two (2).
For 24V DC, transistor output rating shall be 1 amp max, Resistive.
Reference Signals
The drive shall be capable of using the following input reference signals:
Analog inputs
Preset speeds
Remote potentiometer
Digital MOP
Human Interface Module
Communication modules
Loss of Reference
The drive shall be capable of sensing reference loss conditions.
In the event of loss of the reference signal, the drive shall be user programmable to the following:
Fault the drive and coast to stop.
Issue a minor fault - allows the drive to continue running while some types of faults are present.
Alarm and maintain last reference.
When using a communications network to control the drive, the communications adapter shall have these configurable responses to network disruptions and controller idle (fault or program) conditions:
Fault
Stop
Zero Data
Hold Last State
Send Fault Configuration
Metering
At a minimum, the following parameters shall be accessible through the Human Interface Module, if installed:
Output Current in Amps 
Output Voltage in Volts
Output Power in kW
Elapsed MWh
DC Bus Voltage
Frequency
Heatsink Temperature
Last eight (32) faults
Elapsed Run Time
IGBT Temperature
Faults
At a minimum, the following faults shall be accessible through the Human Interface Module:
Power Loss
Undervoltage
Overvoltage
Motor Overload
Heat Sink Over-temperature
Maximum Retries
Phase to Phase and Phase to Ground Faults
Predictive Diagnostics
At a minimum, the following predictive diagnostic features shall be provided:
Relay Output Life Cycles based on load type and amps.
Hours of Fan Life based on load and ambient temperature.
Motor Bearing life based on expected hours of use.
Motor Lubrication schedule based on hours of use.
Machine Bearing life based on expected hours of use.
Real-Time Clock
Shall be capable of providing time stamped events.
Shall have the ability to be set locally or via a remote controller.
Shall provide the ability to be programmable for month, day, year and local time zones in HH:MM:SS.
VFD PACKAGED SYSTEM
Features
Ratings
Voltage for Power Flex 755
Capable of accepting nominal plant power of 400, 480, 600 or 690V AC at 50Hz or 60Hz.
The supply input voltage tolerance shall be ± 10% of nominal line voltage.
Displacement Power Factor for PowerFlex 755
Six-pulse VFD shall be capable of maintaining a minimum true power factor (Displacement P.F. X Distortion P.F.) of 0.95 or better at rated load and nominal line voltage, over the entire speed range.
Efficiency
A minimum of 96.5% (+/- 1%) at 100% speed and 100% motor load at nominal line voltage. 
Control power supplies, control circuits, and cooling fans shall be included in all loss calculations.
Operating ambient temperature range without derating: 0 °C to 40 °C (32 °F to 104 °F)
Operating relative humidity range shall be 5% to 95% non-condensing.
Operating elevation shall be up to 1000 Meters (3,300 ft) without derating.
Sizing
Systems rated at Normal Duty loads shall provide 110% overload capability for up to one minute and 150% for up to 3 seconds.
Systems rated at Heavy Duty loads shall provide 150% overload capability for up to one minute and 180% for up to 3 seconds.
PowerFlex 755 systems rated at Light Duty loads (Frames 8 to 10) shall provide 110% overload capability for up to one minute with no 3 second overload
Auto Reset/Run
For faults other than those caused by a loss of power or any other non-critical fault, the drive system shall provide a means to automatically clear the fault and resume operation.
Ride-Through
The VFD system shall attempt to ride through power dips up to 20% of nominal. The duration of ride-through shall be inversely proportional to load. For outages greater than 20%, the drive shall stop the motor and issue a power loss alarm signal to a process controller, which may be forwarded to an external alarm signaling device.
Run on Power Up
The VFD system shall provide circuitry to allow for remote restart of equipment after a power outage. Unless indicated in the contact drawings, faults due to power outages shall be remotely resettable. The VFD system shall indicate a loss of power to a process controller, which may be forwarded to an external alarm signaling device. Upon indication of power restoration the process controller will attempt to clear any faults and issue a run command, if desired.
Communications for PowerFlex 755
VFD shall provide an embedded EtherNet/IP port.
VFD shall be capable of communicating on multiple networks.
VFD shall be capable of supporting the following network options:
DeviceNet
EtherNet/IP
ControlNet Coax
ControlNet Fiber
Interbus
CANopen
Modbus/TCP
Modbus RTU
Profibus DP
RS-485 DF1
RS-485 HVAC
Remote I/O
 Profinet I/O
 BACnet/IP
Enclosure Door Mounted Human Interface Module (HIM)
VFD shall provide a HIM with integral LCD display, operating keys and programming keys.
*********************************************************************************************
NTS: Insert at (--1--) either NEMA/UL Type 1 or NEMA/UL Type 4/12.
*********************************************************************************************
An enclosure door-mounted HIM, rated (--1--), shall be provided.
An optional VFD-mounted HIM, rated NEMA/UL Type 1, may be provided and shall be capable of connecting via a separate cable for use as a handheld terminal.
The HIM shall have the following features:
A seven (7) line by twenty-one (21) character backlit LCD display with graphics capability.
Shall indicate drive operating conditions, adjustments and fault indications.
Shall be configured to display in the following three distinct zones:
The top zone shall display the status of direction, drive condition, fault / alarm conditions and Auto / Manual mode.
The middle zone shall display drive output frequency.
The bottom zone shall be configurable as a display for either programming menus / information or as a two-line user display for two additional values utilizing scaled units.
Shall provide digital speed control.
The keypad shall include programming keys, drive operating keys (Start, Stop, Direction, Jog and Speed Control), and numeric keys for direct entry.
Enclosure
*********************************************************************************************
NTS: Insert at (--1--) either NEMA/UL Type 1 or NEMA/UL Type 12.
*********************************************************************************************
Shall be rated (--1--)
Shall be painted per the manufacturer’s standard.
Shall provide entry and exit locations for power cables.
Shall contain a label for UL508.
The drive system nameplate shall be marked with system Short Circuit Current Rating (SCCR).
Drive Enclosure Input Disconnect
*********************************************************************************************
NTS: Insert at (--1--) either fusing, or disconnect, or thermal magnet circuit breaker, or motor circuit protector
*********************************************************************************************
Provide an enclosure door interlocked disconnect with (--1--) 
Operator Handles
Provide externally operated main disconnect handle.
Handles shall be lockable with up to three lockout / tagout padlock positions.
Branch Circuit Protection
*********************************************************************************************
NTS: Insert at (--1--) either input fusing, motor circuit protector (MCP), or inverse time circuit breaker.
*********************************************************************************************
(--1--) shall be provided
Bypass 
Manual Bypass Option:
Shall provide a means to manually switch a single motor from drive control to bypass (across the line operation).
Shall provide separate drive output and bypass contactors. The contactors shall be electrically and mechanically interlocked.
Shall provide a Drive/Off/Bypass selector switch, mounted on the enclosure door, for selection of Drive and Bypass modes of operation.
Provide a Class 10 overload for motor protection while operating in the bypass mode.
Automatic Bypass Option:
Shall provide a means to automatically (upon a drive fault) switch a single motor from drive control to bypass (across the line operation).
Shall provide separate drive output and bypass contactors. The contactors shall be electrically and mechanically interlocked.
Shall provide a Drive/Off/Bypass selector switch, mounted on the enclosure door, for selection of Drive and Bypass modes of operation.
Shall provide an Auto Bypass/Off/On selector switch, mounted on the enclosure door, for selection of Auto Bypass mode of operation.
Provide a Class 10 overload for motor protection while operating in the bypass mode.
SMC Flex / Pump Option Bypass:
Shall provide a means to switch a single motor from drive control to bypass via a soft start (across the line operation).
Shall provide separate drive output and bypass contactors. The contactors shall be electrically and mechanically interlocked.
Shall provide a Drive/Off/Bypass selector switch, mounted on the enclosure door, for selection of Drive and Bypass modes of operation.
Provide a Class 20/30 overload for motor protection while operating in the bypass mode.
Shall provide smooth deceleration when stopping in bypass mode.
Shall provide a door-mounted HIM.
Shall provide bypass fusing on input of RVSS bypass unit.
Control Power Transformer
Provide a control power transformer mounted and wired inside of the drive system enclosure.
The transformer shall be rated for the VFD power requirements.
Harmonic Mitigation Techniques
Drive Input Line Reactor
Provide a drive input line reactor mounted within the drive system enclosure for drives that are less than 100 horsepower.
The line reactor shall meet the following specifications:
*********************************************************************************************
NTS: Insert at (--1--) either 3 or 5.
*********************************************************************************************
The construction shall be iron core with an impedance of (--1--)percent 
The winding shall be copper or aluminum wound.
The insulation shall be Class H with a 115 °C rise over 50 °C ambient.
The unit shall be rated for system voltage, ampacity, and frequency.
18-pulse VFD (greater than 100 horsepower) with Auto Transformer
Provide VFD with a single 18-pulse converter.
The converter bridge shall be a parallel 18-pulse diode bridge assembly with DC snubber (board or assembly). Diodes shall be rated (devices) with a blocking voltage minimum of 1600V.
The converter shall incorporate 1000V three phase block style MOV protection rated 85 °C.
The drive system shall incorporate an 18-pulse phase shifting auto transformer with line reactor as an assembly. The 18-pulse assembly shall be wired into the VFD System enclosure where possible. The auto transformer shall have the following minimum features:
Rated for input rectifier duty and matched to VFD overload capability.
Copper or aluminum wound.
Class 180 or 220 insulation.
Power factor of 0.98 or better at rated load and nominal line voltage.
Open core construction.
One normally closed thermoswitch contact in each coil wired into a VFD control circuit.
The drive system shall be compliant with IEEE519-1992 standards at the input VFD terminals based upon the input power phase imbalance within 0.5% of nominal line voltage and under full VFD output current ratings.
Auxiliary Relays
Provide relays for Drive Alarm, Drive Fault, Drive Run, and System Status Faults (as required).
The relays shall be Allen-Bradley 700-HC (2 N.O. & 2 N.C.). The relay contacts shall be rated for 115V AC/30V DC, 5.0 amp resistive, 2.5 amp inductive.
Control Interface
The control terminals shall be rated for 115V AC.
The control interface shall provide input terminals for access to VFD functions that include start, stop, external fault, speed select, and enable, as required.
Motor Heater Control
The drive system shall provide the drive control circuitry to energize an existing motor heater whenever the motor is not running via remote power.
The heater control shall be interlocked with the drive and/or bypass and shall be energized whenever the motor is not running. The source shall be remotely provided.
A pilot light with LED (Allen-Bradley Bulletin 800T (30mm) NEMA Type 4/13 shall be mounted on the drive system enclosure door for indication of Motor Heater On.
Local-Off-Remote Selector Switch
Provide a "Local-Off-Remote" selector switch, mounted on the enclosure door.
The "Local-Off-Remote" selector switch shall start the drive in the “Local” mode and stop the drive in the “Off” mode.
In the “Remote” mode the drive shall be started and stopped from a remote “RUN” contact.
In all modes, Auxiliary and Enable inputs to the drive control interface board must be present before the drive will start.
When a HIM is present, the stop function shall always be available to stop the drive regardless of the selected mode (“Local” or “Remote”). The HIM will be non-functional (except for the display and programming) when the switch is in “Off” mode. The HIM shall stop the drive if the switch is in the “Remote” mode with the remote start contact initiated.
The drive speed reference shall be controlled from the HIM, unless a separate door-mounted potentiometer is provided, when in “Local” mode (factory default setting).
The PowerFlex 755 drive shall have the capability of smoothly transferring from the automatic speed reference to the manual speed reference on the HIM, without perturbation in the speed reference. 
The drive speed reference shall be controlled by a remote 4…20 mA input when in “Auto” mode.
The device shall be an Allen-Bradley Bulletin 800T (30mm). NEMA Type 4/13, mounted on the drive system enclosure door.
Drive Disable Mushroom Push Button
Provide a maintained mushroom style push button, mounted on the enclosure door that when pushed, will open the drive enable input.
The device shall be an Allen-Bradley Bulletin 800T (30mm). NEMA Type 4/13, mounted on the drive system enclosure door.
Pilot Lights
Provide LED pilot lights, mounted on the enclosure door, for indication of the following status:
Run
Drive Fault
Control Power On
Motor Fault
The device shall be an Allen-Bradley Bulletin 800T (30mm), NEMA Type 4/13, mounted on the drive system enclosure door.
Pilot lights shall be push-to-test type, typical.
Motor Run Time Meter
Provide a digital, non-resettable, door-mounted elapsed time meter.
The meter shall be electrically interlocked with the Drive Run relay and Bypass contactor to indicate actual motor operating hours.
*********************************************************************************************
NTS: Choose one of the options, then delete the others.
*********************************************************************************************
Output Filtering 
3% output line reactor
5% output line reactor
1321 Reflected Wave Reduction (RWR) output filter
DV/DT output filter (may affect the system SCCR rating)
WIRING AND DEVICE IDENTIFICATION:
Provide control wiring and device identification shall be per Identification for Electrical Systems 26 05 53. 
SOURCE QUALITY CONTROL
*********************************************************************************************
NTS: Factory tests specified in paragraph “A”, below, are standard, non-witnessed tests.  When witness tests are required, edit this section as required.  Coordinate witness testing with project requirements and the driven equipment specified in other sections.
*********************************************************************************************
Tests:
Perform factory tests on each low-voltage variable frequency drive prior to shipping.  Tests shall consist of simulating expected load to be driven by operating load through speed ranges specified for driven equipment, for minimum of two hours per drive unit.
Provide factory control and alarm tests on each drive unit by simulating each control signal and each alarm function to verify proper and correct drive unit action.
Perform specified tests in addition to standard factory tests typically performed.
EXECUTION
EXAMINATION
Verify that location is ready to receive equipment.
Verify that the building environment can be maintained within the service conditions required by the manufacturer of the VFD.
INSTALLATION
Installation shall be in compliance with all manufacturer requirements, instructions and drawings.
START-UP SERVICE FOR LOW VOLTAGE VFDS
At a minimum, the start-up service shall include:
Perform pre-power check
Megger motor resistances: phase-to-phase and phase-to-ground
Verify system grounding per manufacturer’s specifications
Verify power and signal grounds
Check connections
Check environment
Drive power-up and commissioning:
Measure incoming power phase-to-phase and phase-to-ground
Measure DC bus voltage
Measure AC current unloaded and loaded
Measure output voltage phase-to-phase and phase-to-ground
Verify input reference signal
All measurements shall be recorded.
Drive shall be tuned for system operation.
Drive parameter listing shall be provided.
Communication adapter parameters shall be provided.
Provide copy of Field Start Up Report to Engineer.
INSPECTION
Examine conditions under which the Work will be installed and notify ENGINEER in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
INSTALLATION
Install equipment in accordance with manufacturer’s recommendations and instructions and in conformance with Laws and Regulations, and the Contract Documents.
*********************************************************************************************
NTS: Insert at (--1--) “section 26 05 29, Hangers and Supports For Electrical Systems”, when section 26 05 29 is included in the project manual, unless the project has multiple prime contracts and other than the electrical Contractor provides concrete equipment pads.
*********************************************************************************************
Unless otherwise shown or indicated, install equipment on concrete bases (--1--).
Install equipment with sufficient access and working space provided for ready and safe operation and maintenance.
For installations against masonry walls, provide an insulation board, 1/4-inch minimum thickness, between equipment and wall for corrosion protection.  Trim board neatly within outline of equipment.
Install all terminations, lugs, and required appurtenances necessary to properly terminate power supplies.
Install control wiring terminations and appurtenances necessary to complete installing control and monitoring devices.
Immediately prior to Substantial Completion, replace all enclosure filters and frames provided under this Contract with new filters and frames, except expanded metal filter types.  Immediately prior to Substantial Completion, clean expanded metal filters.  
FIELD QUALITY CONTROL
Site Tests:
After installation, inspect, adjust, and test each low-voltage variable frequency drive at the Site.  Testing and inspection shall be in accordance with manufacturer’s recommendations and be performed by manufacturer’s factory-trained representative.  Through Contractor, manufacturer’s factory-trained representative shall inform Owner and ENGINEER when equipment is correctly installed and ready to be energized.  Do not energize equipment without permission of Owner.
Perform the following equipment inspection and testing and provide reports documenting procedures and results.
Verify all device settings and drive adjustments.
Inspect all mechanical and electrical interlocks and controls for proper operation.
Test each drive through specified speed ranges and loads for a minimum of two hours per drive unit.
Test each drive by using actual control signal for remote and local operation.
Test each drive alarm function.
Perform other tests recommended by equipment manufacturer.
*********************************************************************************************
NTS: Insert at (--1--), (--2--), and (--3--) the number of eight-hour days required when systems are extensive or desired.  Delete otherwise.
*********************************************************************************************
Manufacturer Services:
Post-installation Check: Manufacturer’s factory-trained representative shall check and approve the installed equipment before initial operation.  Manufacturer shall calibrate, set and program low-voltage variable frequency drives provided.  Services by manufacturer’s representative under this paragraph shall be at least (--2--) eight-hour days at the Site.
Manufacturer’s factory-trained representative shall adjust the system to final settings.
Manufacturer’s factory-trained representative shall test the system as specified in Paragraph 3.6. A Site Tests of this Section.  Representative shall operate and test the system in presence of ENGINEER and verify that equipment is in conformance with the Contract Documents.  Services by manufacturer’s representative under this paragraph shall be at least (--3--) eight-hour days at the Site.
Representative shall revisit the Site as often as necessary until all deficiencies are corrected, prior to readiness for final payment.
Provide services of manufacturer’s factory-trained representatives to correct defective Work within 72 hours of notification by Owner during the correction period specified in the General Conditions as may be amended by the Supplementary Conditions.
Replacement parts or equipment provided during the correction period shall be equal to or better than original.
*********************************************************************************************
NTS: Coordinate with section 01 79 23, Instruction of Operations and Maintenance Personnel, to specify the duration of training required, number of sessions, and operating shift for each.
*********************************************************************************************
Training: Provide services of qualified factory trained specialists from manufacturer to instruct Owner’s operations and maintenance personnel in recommended operation and maintenance of equipment.  Training requirements, duration of instruction, and other qualifications shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
ADJUSTING
Immediately prior to Substantial Completion, when testing is acceptably completed and low-voltage variable frequency drives are operating, manufacturer’s representative shall return to the Site and make final adjustments as required to each variable frequency drive furnished under this Section.
+ + END OF SECTION + +
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AUTOMATIC TRANSFER SWITCHES
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install automatic transfer switches in NEMA-rated enclosure with size and rating as shown or specified.
Coordination:
Review installation procedures under other Sections and coordinate installation of items to be installed with or before Automatic Transfer Switches Work.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 03 30 00, Cast-In-Place Concrete.
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
Section 26 05 26, Grounding and Bonding for Electrical Systems.
Section 26 05 29, Hangers and Supports for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 33, Raceways and Boxes for Electrical Systems.
Section 26 32 13, Engine-Generators.
MEASUREMENT AND PAYMENT
This item is to be included in Electrical Work cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
IEEE 446 – IEEE Recommended Practice for Emergency and Standby Power Systems for Commercial and Industrial Applications.
UL 50, Enclosures for Electrical Equipment.
UL 508, Industrial Control Equipment.
UL 1008, Transfer Switch Equipment.
NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum).
NEMA ICS 1, Industrial Control and Systems General Requirements.
NEMA ICS 4, Application Guideline for Terminal Blocks.
NEMA ICS 6, Enclosures.
NEMA ICS 10, AC Automatic Transfer Switches.
NFPA 70, National Electrical Code.
NFPA 110, Emergency and Standby Power Systems.
QUALITY ASSURANCE
Regulatory Requirements:
*********************************************************************************************
NTS: Retain applicable regulations and add others as required.
*********************************************************************************************
Comply with UL 1008.
Comply with ISO 9001.
Comply with NEMA ICS 1.
Comply with NFPA 70.
Comply with NFPA 110.
Testing Agency Qualifications: Independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907, or shall be full member company in InterNational Electrical Testing Association.
Factory Tests
Automatic Transfer Switches shall be thoroughly tested at the factory to assure that there are no electrical or mechanical defects.
Factory Tests shall be in accordance with the following:
Perform all factory tests in accordance with UL 1008.
During the 3-cylce withstand tests, there shall be no contact welding or damage.
The 3-cycle tests shall be performed without the use of current limiting fuses.
Oscillograph traces across the main contacts shall verify that contact separation has not occurred and there is contact continuity across all phases after completion of the test.
When conducting temperature rise tests in accordance with UL 1008,, include post-endurance temperature rise tests to verify the ability of the transfer switch to carry full rated current after completing the overload and endurance tests.
Perform Visual inspection to verify each automatic transfer switch is as specified.
Perform mechanical test to verify that automatic transfer switches are free of mechanical defects.
Perform insulation resistance test to ensure electrical integrity and continuity of entire system.
Perform main switch contact resistance test.
Perform electrical tests to verify complete systems electrical operation.
Manufacturer:
Manufacturer shall have not less than five years of experience producing substantially similar equipment to that required and, upon request, shall submit documentation of not less than five installations in satisfactory operation for not less than five years in the United States.
Automatic Transfer Switches shall be product of a single manufacturer.
A factory-authorized representative shall be capable of providing emergency maintenance and repairs at the project site within 4 hours of notification.
Start-Up and Training:
A factory-authorized representative shall provide start-up services for each Automatic Transfer Switch.
A factory-authorized representative shall provide training for Owner.  Training shall include operation and maintenance of Automatic Transfer Switches.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Automatic Transfer Switches - Product Data
Manufacturer’s technical information for each Automatic Transfer Switch proposed for use including, but not limited to, voltage rating, number of phases, withstand and closing rating, continuous current rating, and type of neutral pole.
Shop Drawings
Automatic Transfer Switches - Shop Drawings
Listing of each switch to be furnished, including location, rating, and NEMA enclosure type for each.
Outline drawings with dimensions, materials of construction, installation details, accessories, and equipment ratings for voltage, amperage and short-circuit.
Wiring diagrams detailing power and control wiring and differentiating clearly between manufacturer-installed wiring and field-installed wiring.
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates 
Automatic Transfer Switches - Manufacturer Certificates
Manufacturer’s UL 1008 certification.
Test and Evaluation Reports (NOT USED)
Manufacturers’ Instructions
Source Quality Control Submittals 
Automatic Transfer Switches - Source Quality Control Reports
Results of required source quality control tests and inspections.
Field Quality Control Submittals (NOT USED)
Qualifications Statements 
Manufacturer’s Qualification Statements
Submit manufacturer qualifications when requested by Engineer.
Manufacturer Test and Evaluation Reports
Sustainable Design Submittals (NOT USED)
Special Procedure Submittals (NOT USED)
Closeout Submittals. Submit the following:
Operation and Maintenance Data 
Automatic Transfer Switches - Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, and description of operation.
Comply with Section 01 78 23, Operations and Maintenance Data.
Record Documentation
Provide a complete listing of all settings for each Automatic Transfer Switch set in the factory and modified in the field.
Training Material (NOT USED)
Warranty Documentation
Software (NOT USED)
Bonds (NOT USED)
Maintenance Contracts (NOT USED)
Sustainable Design Closeout Documentation (NOT USED)
Maintenance Material Submittals. Submit the following: (NOT USED)
Spare Parts (NOT USED)
Extra Stock Materials (NOT USED)
Tools (NOT USED)
DELIVERY, STORAGE AND HANDLING
Transfer switch components shall not be delivered to the Project site until protected storage space is available.  Storage outdoors covered by rainproof material is not acceptable.  Equipment damaged during shipment shall be replaced and returned to Manufacturer at no cost to Owner. Components shall be properly packaged in factory-fabricated containers and mounted on shipping skids.
Store in a clean, dry, ventilated space free from temperature extremes.  Maintain factory wrapping or provide a heavy canvas/plastic cover to protect units from dirt, water, construction debris and traffic. Provide heat where required to prevent condensation.
Handle in accordance with Manufacturer's written instructions.  Be careful to prevent internal component damage, breakage, denting and scoring. Damaged units shall not be installed. Replace damaged units and return equipment to Manufacturer.
PRODUCTS
AUTOMATIC TRANSFER SWITCH MANUFACTURERS
Manufacturers:  Provide products of one of the following:
ASCO
Caterpillar 
Cummins Power Generation
Generac
MTU
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
GENERAL REQUIREMENTS
Automatic Transfer Switches for Lift Stations:
Type: Contactor style, electrically operated, mechanically held, open transition with solid neutral as shown or indicated on the drawings.
Rating: Voltage, current and short circuit ratings and number of poles as shown or indicated on the Drawings.  Automatic Transfer Switch shall bear UL label indicating suitability for use as service equipment and shall comply with UL 1008, NEMA ICS 10, and NEMA 250.
*********************************************************************************************
NTS:  Delete paragraph “3” if not required.
*********************************************************************************************
Automatic Transfer Switch shall be Service Entrance Rated Open Transition.
*********************************************************************************************
NTS:  Delete paragraph “4” if not required.
*********************************************************************************************
Provide auxiliary dry contacts to indicate switch position where shown on the Drawings.
Automatic Transfer Switches for Pumping Stations:
Type: Contactor style, electrically operated, mechanically held, closed transition with solid neutral as shown or indicated on the drawings.
Rating: Voltage, current and short circuit ratings and number of poles as shown or indicated on the Drawings.  Automatic Transfer Switch shall bear UL label indicating suitability for use as service equipment and shall comply with UL 1008, NEMA ICS 10, and NEMA 250.
*********************************************************************************************
NTS:  Delete paragraph “3” if not required.
*********************************************************************************************
Automatic Transfer Switch shall be Service Entrance Rated Closed Transition.
*********************************************************************************************
NTS:  Delete paragraph “4” if not required.
*********************************************************************************************
Provide auxiliary dry contacts to indicate switch position where shown on the Drawings.
Enclosure: NEMA Type 12, unless specified or required otherwise to meet environmental conditions of installed location.
Outdoor or Other Wet or Damp Indoor Locations: NEMA Type 4X 316 stainless-steel
Identification:
Identify automatic transfer switches in accordance with Section 26 05 53, Identification for Electrical Systems.
Provide nameplate to identify the equipment served by automatic transfer switch and associated source of power.
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
SEQUENCE OF OPERATIONS
Should the voltage on any phase of the normal source drop below 80 percent or increase to 120 percent, or frequency drops below 90 percent, or increase to 110 percent, or 20 percent voltage differential between phases occur, after a programmable time delay period of 0-9999 seconds factory set at three (3) seconds to allow for momentary dips, the engine starting contact(s) shall close to start the standby plant.
Transfer to the standby power source shall occur when 90 percent of rated voltage and frequency has been reached by the standby power source.
After restoration of normal power on all phases to a preset value of 90 percent to 110 percent of rated voltage, at least 95 percent to 105 percent of rated frequency, and voltage differential is below 20 percent between phases, an adjustable time delay period of 0-9999 seconds factory set at 300 seconds shall delay the transfer to allow stabilization of the normal source.  Should the standby source fail during this time delay period, the switch shall automatically retransfer to the normal source.
After retransfer to the normal power source, the standby plant shall operate at no load for a programmable period of 0-9999 seconds factory set at 300 seconds.  Should the normal power source fail during this time delay period, the transfer switch shall automatically return to the standby source.
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
DESIGN REQUIREMENTS:
Switches shall contain two contactors with ampere ratings and number of poles as indicated on the Drawings and shall be suitable for 480 VAC, three-phase, 60 Hertz operation.  Minimum transfer time shall 400 milliseconds.  The switches shall be service entrance rated with bypass isolation and shall bear the service entrance label as indicated on the Drawings. 
Switches shall be capable of transferring successfully in either direction with 70 percent of rated voltage applied to the terminals.
Main contacts to be of silver-tungsten alloy, mechanically locked in position in both the normal and standby positions without the use of hooks, latches, or magnets.  Provide separate arcing contacts, with magnetic blowouts on each pole.  Interlocked molded case circuit breakers switches or contactors are not acceptable.
Equip the transfer switch with a permanently attached, safe, manual operator designed to prevent injury to personnel in the event the electrical operator should become energized during manual transfer.  The manual operator shall provide the same contact-to-contact transfer speed as the electrical operator to prevent a flashover from slowly switching the main contacts.
The automatic transfer switch shall be equipped with 90° C rated copper/aluminum solderless mechanical type lugs of the proper quantity and size to accommodate the termination of field wiring.
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
Controls
The transfer switch shall be equipped with a microprocessor-based control system to provide all the operational functions of the automatic transfer switch.  The controller shall have two asynchronous serial ports.  The controller shall have a real time clock with Nicad battery back-up.
The CPU shall be equipped with self diagnostics which perform periodic checks of the memory, I/O, and communication circuits with a watchdog power fail circuit.
The controller shall use industry standard open architecture communication protocol for high speed serial communications via multidrop connection to other controllers and to a master terminal with up to 4000 ft of cable, or further with the addition of a communication repeater.  The serial communication port shall be RS422/485 compatible.
The serial communication port shall allow interface to either the manufacturer's or the Owner's furnished remote supervisory control system.
The controller shall have password protection to limit access to authorized personnel.
The controller shall include a 20 character LCD display with a keypad, which allows access to the system.
The controller shall include three-phase over/under voltage, over/under frequency, phase sequence detection, and phase differential monitoring on both normal and standby sources.
The controller shall be capable of storing the following records in memory for access either locally or remotely:
Number of hours the transfer switch is in the standby position (total since record reset).
Number of hours standby power source is available (total since record reset).
Total transfer in either direction (total since record reset).
Date, time, and description of the last four source failures.
Date of the last exercise period.
Date of record reset.
Light emitting diodes shall be mounted on the controller to indicate:
Switch is in normal position
Switch is in standby position.
Controller is running.
A three-phase digital LCD voltage readout, with 1% accuracy shall display all three separate phase-to-phase voltages simultaneously for both the normal and standby source.
A digital LCD frequency readout with 1% accuracy shall display frequency for both the normal and standby source.
An LCD readout shall display both normal source and standby source availability.
The microprocessor controller shall meet the following requirements:
Storage conditions - 25°C to 85°C
Operation conditions - 20°C to 70°C ambient
Humidity 0 to 99% relative humidity, non-condensing
Capable of withstanding infinite power interruptions
Surge withstand per ANSI/IEEE C-37.90A-1978
All control wiring shall be 18 gauge (minimum), 600 VAC, SIS switchboard type.  All control wiring shall be identified at each termination (both ends) using tubular, sleeve-type wire markers.
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
Accessories
Programmable three phase sensing of the normal source set to pickup at 90% and dropout at 80% of rated voltage and overvoltage to pickup at 120% and dropout out at 110% of rated voltage.  Programmable frequency pickup at 95% and dropout at 90% and over frequency to pickup at 110% and dropout at 105% of rated frequency. Programmable voltage differential between phases, set at 20%, and phase sequence monitoring.
Programmable three phase sensing of the standby source set to pickup at 90% and dropout at 80% of rated voltage and overvoltage to pickup at 120% and dropout out at 110% of rated voltage.  Programmable frequency pickup at 95% and dropout at 90% and over frequency to pickup at 110% and dropout at 105% of rated frequency. Programmable voltage differential between phases, set at 20%, and phase sequence monitoring.
Time delay for override of momentary normal source power outages (delays engine start signal and transfer switch operation).  Programmable 0-9999 seconds.  Factory set at 3 seconds.
Time delay on retransfer to normal, programmable 0-9999 seconds, factory set at 300 seconds, with overrun to provide programmable 0-9999 second time delay, factory set at 300 seconds, unloaded engine operation after retransfer to normal.
Time delay on transfer to standby, programmable 0-9999 seconds, factory set at 3 seconds.
A maintained type load test switch shall be included to simulate a normal power failure, keypad initiated.
A time delay bypass on retransfer to normal shall be included.  Keypad initiated.
Contact, rated 10 A at 30VDC, to close on failure of normal source to initiate engine starting.
A plant exerciser shall be provided with (10) 7 day events, programmable for any day of the week and (24) calendar events, programmable for any month/day, to automatically exercise the standby plant programmable in one minute increments. Also include a control switch for selection of either "no load" (switch will not transfer) or "load" (switch will transfer) during the exercise period.  Keypad initiated.
Relay contacts which close when normal source fails wired to a terminal strip.
Relay contacts which open when normal source fails wired to a terminal strip.
Two auxiliary contacts rated 15 A at 120 VAC on main shaft, closed on normal and wired to a terminal strip.
Two auxiliary contacts rated 15 A at 120 VAC on main shaft, closed on standby and wired to a terminal strip.
EXECUTION
INSPECTION
Examine conditions under which the Work will be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
AUTOMATIC TRANSFER SWITCH INSTALLATION
Install in accordance with NFPA 70, and Laws and Regulations.
Mounting and Installation:
Install automatic transfer switch to provide sufficient access and working space for ready and safe operation and maintenance.
Securely fasten equipment to walls or other surfaces on which equipment is mounted.  Provide independent supports complying with Section 26 05 29 Hangers and Supports for Electrical Systems, where there is no wall or other surface capable of supporting the equipment.
Provide suitable 1/4‑inch spacers to prevent mounting enclosure directly against walls.
Adjustments: Perform field adjustments of circuit breakers as required to place equipment in operating condition.  Adjustable breaker settings shall be in accordance with the accepted power distribution coordination study prepared under Section 26 05 73, Electrical Power Distribution System Studies, or as directed by Engineer.
Install Automatic Transfer Switches level and plumb.
Install wiring between Automatic Transfer Switches and devices indicated on drawings.
Connect Automatic Transfer Switches and components to wiring system and to ground as indicated and instructed by manufacturer. Tighten connectors and terminals, including screws and bolts according to equipment manufacturer's published torque tightening values for equipment connectors. Where manufacturer's torquing requirements are not indicated, tighten connectors and terminals according to tightening torques specified in UL Standard 486A.  Mark lug and or bolts with paint maker stick after properly torqueing.
IDENTIFICATION
Install typewritten labels on inside door of each fused switch to indicate fuse replacement information.
*********************************************************************************************
NTS: Edit below to suit the Project.
*********************************************************************************************
COORDINATION STUDY
Where coordination study recommends changes in types, classes, features or ratings of equipment or devices specified in Section 26 05 73 from those indicated, make written request for instructions. Obtain instructions from ENGINEER before ordering equipment or devices recommended to be changed.
FIELD QUALITY CONTROL
Field Tests and Inspections:
All test equipment and material shall be by Contractor.
Perform visual and mechanical inspection including:
Inspect for physical, electrical, and mechanical condition.
Check for proper installation, required area clearances, physical damage and proper alignment.
Check electrical and mechanical interlock systems for proper operation.
Clean and lubricate as required.
Other testing and inspections recommended by manufacturer.
Manufacturer’s Services:
Provide services of qualified, factory-trained manufacturer’s representative to advise Contractor on installation of the equipment and to check the installed equipment prior to start-up.
Qualified factory-trained manufacturer’s representative shall certify in writing that equipment has been installed, adjusted, and tested in accordance with manufacturer’s recommendations.
*********************************************************************************************
NTS: Coordinate training requirements with section 01 79 23, Instruction of Operations and Maintenance Personnel.
*********************************************************************************************
Furnish services of qualified trained specialist, with minimum of five years experience, from manufacturer to instruct Owner’s operations and maintenance personnel in recommended operation and maintenance of the equipment.  Training requirements, duration of instruction, and other requirements shall be in accordance with Section 01 79 23, Instruction of Operations and Maintenance Personnel.
ADJUSTING
*********************************************************************************************
NTS: Coordinate adjusting requirements with Owner. Edit section below if 26 02 20 Electrical Power System Study is not included in Project.
*********************************************************************************************
Set field-adjustable pick-up and time-sensitivity ranges in accordance with Section 26 02 20.
CLEANING
Upon completion of installation, inspect enclosed switch or circuit breakers. Remove paint splatters and other spots, dirt, and debris. Touch up scratches and mars of finish to match original finish.
+ + END OF SECTION + +
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SURGE PROTECTION DEVICES
v. 5.20
1. GENERAL
DESCRIPTION
Scope:
The Surge Protection Device (SPD) covered under this section includes all service entrance type SPD suitable for use as Type 1 or Type 2 devices that are applied to the line or load side of the utility feed.
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install surge protection devices with size and trip rating as shown or specified. 
Coordination:
Review installation procedures under other Sections and coordinate installation of items to be installed with or before surge protection devices.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 13 00, Medium-Voltage Switchgear.
Section 26 23 00, Low-Voltage Switchgear.
Section 26 24 13, Switchboards.
Section 26 24 16, Panelboards.
Section 26 24 19, Motor Control Centers.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.
*********************************************************************************************
Standards referenced in this Section are:
UL 1449, 4th Edition – Standard for Surge Protection Devices.
UL 1283, 7th Edition – Standard for Electromagnetic Interference Filters.
UL 96A, 13th Edition – Standard for Installation Requirements for Lightning Protection Systems.
ANSI/IEEE C62.41 – Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits.
ANSI/IEEE C62.45 – Guide for Surge Testing for equipment connected to Low-Voltage AC Power Circuits.
IEEE C62.62 – Standard Test Specification for Surge Protection Devices for Low-Voltage AC Power Circuits.
IEEE 1100 Emerald Book
NFPA 70 Article 285, National Electrical Code.
NFPA 70E,  Electrical Safety in the Workplace
DEFINITIONS
Definitions referenced in this section are:
Inominal: Nominal discharge current.
MCOV: Maximum continuous operating voltage.
Mode(s), also Modes of Protection: The pair of electrical connections where the VPR applies.
MOV: Metal-oxide varistor; an electronic component with a significant non-ohmic current-voltage characteristic.
OCPD: Overcurrent protective device.
SCCR: Short-circuit current rating.
SPD: Surge protective device.
VPR: Voltage protection rating.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data:
Surge Protection Devices - Product Data 
Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
Include maximum conductor length for all external SPDs.
Include manufacturer’s suggested OCPD size and rating.
Shop Drawings (NOT USED)
Samples (NOT USED)
Delegated Design Submittal (NOT USED)
Informational Submittals. Submit the following: 
Certificates (NOT USED) 
Test and Evaluation Reports
Surge Protection Devices – Test and Evaluation Reports
Copy of UL Category Code VZCA certification, as a minimum, listing the tested values for VPRs, Inominal ratings, MCOVs, type designations, OCPD requirements, model numbers, system voltages, and modes of protection.
Manufacturers’ Instructions
Surge Protection Devices - Manufacturers’ Instructions
Submit instructions for each type.
Source Quality Control Submittals (NOT USED)
Field Quality Control Submittals
Surge Protection Devices - Field Quality Control
Results of Field Quality Control Reports.
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 
Surge Protection Devices - Operation and Maintenance Data
Submit complete installation, operation and maintenance manuals including test reports, maintenance data and schedules, and description of operation.
Record Documentation (NOT USED)
Training Material (NOT USED)
Warranty Documentation
Surge Protection Devices - Warranty Documentation
Submit manufacturer’s warranty per the requirements of this Section.
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)
QUALITY ASSURANCE
SPDs shall bear the UL label.
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
Testing Agency Qualifications: Independent testing agency shall meet OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907, or shall be full member company in InterNational Electrical Testing Association (NETA).
Manufacturer:
Manufacturer shall have not less than five years of experience producing substantially similar equipment to that required and, upon request, shall submit documentation of not less than five installations in satisfactory operation for not less than five years in the United States.
Delivery, Storage, and Handling
Equipment shall be handled and stored in accordance with manufacturer’s instructions.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by the following:
External SPDs:
ASCO Power Technologies
Current Technologies
Internal SPDs:
Eaton.
Siemens
Square D.
GENERAL SPD REQUIREMENTS
SPD with Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
Comply with NFPA 70.
Comply with UL 1449.
MCOV of the SPD shall be the nominal system voltage.
SERVICE ENTRANCE AND TRANSFER SWITCH SUPPRESSOR
SPDs: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1449, Type 1.
SPDs with the following features and accessories:
Integral disconnect switch.
Internal thermal protection that disconnects the SPD before damaging internal suppressor components.
Indicator light display for power and protection status.
Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, for remote monitoring of protection status.  Contacts shall reverse on failure of any surge diversion module or on opening of any current-limiting device. Coordinate with building power monitoring and control system.
Surge counter.
Comply with UL 1283.
*********************************************************************************************
NTS: Select correct Peak Surge Current Ration from list below.
*********************************************************************************************
Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per phase shall not be less than [200 kA 240kA 320 kA 480 kA]. The peak surge current rating shall be the arithmetic sum of the ratings of the individual MOVs in a given mode.
*********************************************************************************************
NTS: KEEP ONE OF THE TWO PARAGRAPHS BELOW.  Select correct voltage from list below and choose correct protection mode voltage from items listed below.
*********************************************************************************************
Protection modes and UL 1449 VPR for grounded wye circuits with [480Y/277 V 208Y/120 V], three-phase, four-wire circuits shall not exceed the following:
Line to Neutral: [1200 V for 480Y/277 V 700 V for 208Y/120 V].
Line to Ground: [1200 V for 480Y/277 V 1200 V for 208Y/120 V].
Line to Line: [2000 V for 480Y/277 V 1000 V for 208Y/120 V].
Protection modes and UL 1449 VPR for grounded wye circuits with 240/120 V, single-phase, three-wire circuits shall not exceed the following:
Line to Neutral: 700 V.
Line to Ground: [700 V 1000 V].
Line to Line: 1000 V.
*********************************************************************************************
NTS: Select correct SCCR from list below.
*********************************************************************************************
SCCR: Equal or exceed [100 kA 200 kA].
Inominal Rating: 20 kA.
PANEL SUPPRESSORS
SPDs: Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 1449, Type 2.
SPDs with the following features and accessories:
Integral disconnect switch.
Internal thermal protection that disconnects the SPD before damaging internal suppressor components.
Indicator light display for power and protection status.
Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, for remote monitoring of protection status.  Contacts shall reverse on failure of any surge diversion module or on opening of any current-limiting device. Coordinate with building power monitoring and control system.
Surge counter.
Comply with UL 1283.
*********************************************************************************************
NTS: Insert correct Peak Surge Current Rating in lieu of (-1-) below.
*********************************************************************************************
Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per phase shall not be less than (-1-). The peak surge current rating shall be the arithmetic sum of the ratings of the individual MOVs in a given mode.
*********************************************************************************************
NTS: KEEP ONE OF THE TWO PARAGRAPHS BELOW.  Select correct voltage from list below and choose correct protection mode voltage from items listed below.
*********************************************************************************************
Protection modes and UL 1449 VPR for grounded wye circuits with [480Y/277 V 208Y/120 V], three-phase, four-wire circuits shall not exceed the following:
Line to Neutral: [1200 V for 480Y/277 V 700 V for 208Y/120 V].
Line to Ground: [1200 V for 480Y/277 V 1200 V for 208Y/120 V].
Line to Line: [2000 V for 480Y/277 V 1000 V for 208Y/120 V].
Protection modes and UL 1449 VPR for grounded wye circuits with 240/120 V, single-phase, three-wire circuits shall not exceed the following:
Line to Neutral: 700 V.
Line to Ground: 700 V.
Line to Line: 1000 V.
*********************************************************************************************
NTS: Insert correct SCCR value in lieu of (-1-) below.
*********************************************************************************************
SCCR: Equal or exceed (-1-).
Inominal Rating: 20 kA.
ENCLOSURES
Indoor Enclosures: NEMA 250, Type 12.
CONDUCTORS AND CABLES
Power Wiring: Same size as SPD leads complying with Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
External SPDs:
Contractor shall not exceed manufacturer’s recommended maximum length of cabling.
Contractor shall consult with Engineer for all cable installations longer than manufacturer’s recommended maximum length.
Class 2 Control Cables: Multi-conductor cable with copper conductors not smaller than No. 18 AWG, complying with Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
Class 1 Control Cables: Multi-conductor cable with copper conductors not smaller than No. 14 AWG, complying with Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
EXECUTION
INSTALLATION
Comply with NECA 1.
Install an OCPD or disconnect as required to comply with the UL listing of the SPD.
Install SPDs with conductors between suppressor and points of attachment as short and straight as possible, and adjust circuit-breaker positions to achieve shortest and straightest leads.
Do not splice and extend SPD leads unless specifically permitted by manufacturer.
Do not exceed manufacturer's recommended lead length.
Do not bond neutral and ground.
Use crimped connectors and splices only. Wire nuts are unacceptable.
Wiring:
Power Wiring: Comply with wiring methods in Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
Controls: Comply with wiring methods in Section 26 05 19, Low-Voltage Electrical Power Conductors and Cables.
FIELD QUALITY CONTROL
Perform the following tests and inspections with the assistance of a factory-authorized service representative.
Compare equipment nameplate data for compliance with Drawings and Specifications.
Inspect anchorage, alignment, grounding, and clearances.
Verify that electrical wiring installation complies with manufacturer's written installation requirements.
An SPD will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.
STARTUP SERVICE
Complete startup checks according to manufacturer's written instructions.
Do not perform insulation-resistance tests of the distribution wiring equipment with SPDs installed. Disconnect SPDs before conducting insulation-resistance tests, and reconnect them immediately after the testing is over.
Energize SPDs after power system has been energized, stabilized, and tested.
DEMONSTRATION
Train Owner’s maintenance personnel to operate and maintain SPDs.
+ + END OF SECTION + +
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1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install lighting fixtures and associated controls.
Section Includes:
Interior lighting fixtures
Lamps
Ballasts
Drivers
Emergency lighting units
Accessories.
Coordination:
Coordinate location of fixtures with piping, ductwork, openings, and other systems and equipment and locate clear of interferences.
Coordinate fixtures to be mounted in hung ceilings with the ceiling suspension system proposed.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 09 23, Lighting Control Devices
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.  Remove HID/Fluorescent items if not used.
*********************************************************************************************
Standards referenced in this Section are:
ANSI C78, Electric Lamps 
ANSI C78.51, Electric Lamps – LED
ANSI C82.4, Ballasts for High Intensity Discharge
ANSI C82.16, LED Drivers
ETL, Electrical Testing Laboratory
IEEE C62.41, Recommended Practice for Surge Voltages in Low-Voltage AC Power Circuits
NEC, National Electrical Code
NEMA SSL 1, Electronic Drivers for LED Devices, Arrays, or Systems.
UL 486 A, Wire Connectors
UL 844, Luminaires for Use in Hazardous (Classified) Locations.
UL 924, Emergency Lighting and Power Equipment
UL 1029, Safety of High-Intensity- Discharge Lamp Ballasts.
UL 1570, Fluorescent Lighting Fixtures
UL 1572, High Intensity Discharge Lighting Fixtures
UL 8750, Standard for LED Equipment for Use in Lighting Products
UL 8752, Standard for OLED Panels
UL 8753, Standard for Field-Replaceable LED Light Engines
DEFINITIONS
Emergency Lighting Unit: Fixture with integral emergency battery-powered supply and means for controlling and charging battery. Also known as an emergency light set.
Fixture: Complete lighting unit, exit sign, or emergency lighting unit. Fixtures include lamps and parts required to distribute light, position and protect lamps, and connect lamps to power supply.  Internal battery-powered exit signs and emergency lighting units also include battery and means for controlling and recharging battery. Emergency lighting units include ones with and without integral lamp heads.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data
Interior Lighting - Product Data
Manufacturer's technical information for proposed fixtures, lamps, ballasts, and emergency lighting units. Arrange Product Data for fixtures in order of fixture designation.
Include data on features and accessories and following:
Outline drawings indicating dimensions and principal features of fixtures.
Electrical Ratings and Photometric Data: Certified results of laboratory tests for fixtures and lamps.
Battery and charger data for emergency lighting units.
Shop Drawings:
Interior Lighting - Shop Drawings
Detail nonstandard fixtures and indicate dimensions, weights, method of field assembly, components, features, and accessories.
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 (NOT USED)
Field Quality Control Submittals 
Interior Lighting - Field Quality Control Reports 
Results of required field quality control tests and inspections.
Reports indicating and interpreting test results.
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
Interior Lighting - Operation and Maintenance Data
Maintenance data for fixtures to include operation and maintenance information.
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
Interior Lighting - Extra Stock Material
Furnish extra materials described below that match products installed, are packaged with protective covering for storage, and are identified with labels describing contents.
Lamps: 10 lamps for every 100 of each type and rating installed. Furnish at least 1 of each type.
Plastic Diffusers and Lenses: 1 for every 100 of each type and rating installed. Furnish at least 1 of each type.
Ballasts: 1 for every 100 of each type and rating installed. Furnish at least 1 of each type.
Drivers: 1 for every 100 of each type and rating installed. Furnish at least 1 of each type.
Globes and Guards: 1 for every 20 of each type and rating installed. Furnish at least 1 of each type.
Tools (NOT USED)
QUALITY ASSURANCE
Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
Special Listing and Labeling: Provide fixtures for use in damp or wet locations, underwater, and recessed in combustible construction that are specifically listed and labeled for such use.  Provide fixtures for use in hazardous (classified) locations that are listed and labeled for specific hazard.
Regulatory Requirements:
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
NEC Article 410, Luminaires, Lampholders, and Lamps.
Fixtures for Hazardous Locations: Conform to UL 844. Provide units that have Factory Mutual Engineering and Research Corporation (FM) certification for indicated class and division of hazard.
Coordinate fixtures, mounting hardware, and trim with ceiling system and other items, including work of other trades, required to be mounted on ceiling or in ceiling space.
DELIVERY, STORAGE AND HANDLING
Delivery:
Upon delivery, inspect equipment for evidence of water that may have entered equipment during transit.
Storage:
Store lighting fixtures, controls, related materials and equipment in clean, dry location with controls for uniform temperature and humidity.  Protect materials and equipment with coverings and maintain environmental controls.
Store materials and equipment for easy access for inspection and identification.  Keep materials and equipment off ground, using pallets, platforms, or other supports.  Protect materials and equipment from corrosion and deterioration.
WARRANTY
LED Drivers and lamps shall be warranted for a minimum of 5 years as a unit.
Special Warranty for Batteries: Submit written warranty executed by manufacturer agreeing to replace rechargeable system batteries that fail in materials or workmanship within the specified warranty period.
Special Warranty Period: Manufacturer's standard but not less than 10 yrs after date of Substantial Completion. Full warranty shall apply for first year, and prorated warranty for last 9 yrs.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by one of the following:
Eaton Lighting
Hubbell Lighting
Lithonia Lighting
Philips Lighting
FIXTURES AND FIXTURE COMPONENTS
Metal Parts: Free from burrs, sharp corners, and edges.
Sheet Metal Components: Steel, except as indicated. Form and support to prevent warping and sagging.
Doors, Frames, and Other Internal Access: Smooth operating, free from light leakage under operating conditions, and arranged to permit relamping without use of tools. Arrange doors, frames, lenses, diffusers, and other pieces to prevent accidental falling during relamping and when secured in operating position.
Reflecting Surfaces: Minimum reflectance as follows, except as otherwise indicated:
White Surfaces: 85%.
Specular Surfaces: 83%.
Diffusing Specular Surfaces: 75%.
Laminated Silver Metallized Film: 90%.
Lenses, Diffusers, Covers, and Globes: 100% virgin acrylic plastic or water white, annealed crystal glass, except as otherwise indicated.
Plastic: High resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
Lens Thickness: 0.125 in. (3 mm) minimum; except where greater thickness is indicated.
Fixture Support Components: Comply with Section 26 05 29.
Single-Stem Hangers: 1/2 in. (12 mm) steel tubing with swivel ball fitting and ceiling canopy. Finish same as fixture.
Twin-Stem Hangers: Two, 1/2 in. (12 mm) steel tubes with single canopy arranged to mount a single fixture. Finish same as fixture.
Rod Hangers: 3/16 in. (5 mm) minimum diameter, zinc-plated, threaded steel rod.
Hook Hanger: Integrated assembly matched to fixture and line voltage and equipped with threaded attachment, cord, and locking-type plug.
Fixtures located in area identified as hazardous in Section 26 05 05, General Provisions for Electrical Systems, shall each be approved as a complete assembly, shall be clearly marked to indicate maximum wattage of lamps for which they are approved, and be protected against physical damage by suitable guards.
Hardware: Provide necessary hangers, supports, conduit adaptors, reducers, hooks, brackets, and other hardware required for safe fixture mounting.  Hardware shall have protective, non‑corrosive finish.
Fluorescent Fixtures: Conform to UL 1570.
Fluorescent Ballasts: Programmed Start, Electronic integrated circuit, solid-state, full-light-output, high-efficient type compatible with lamps and lamp combinations to which connected.
Certification by Electrical Testing Laboratory (ETL).
Labeling by Certified Ballast Manufacturers Association (CBM).
Type: Class P, high power factor, except as otherwise indicated.
Sound Rating: "A" rating, except as otherwise indicated.
Voltage: Match connected circuits.
Lamp Flicker: Less than 5%.
Minimum Power Factor: 90%.
Total Harmonic Distortion (THD) of Ballast Current: Less than 20%.
Conform to FCC Regulations Part 15, Subpart J for electromagnetic interference.
Conform to IEEE C62.41, Category A, for resistance to voltage surges for normal and common modes.
Multilamp Ballasts: Use 2, 3, or 4 lamp ballasts for multilamp fixtures where possible.
Lamp-ballast connection method does not reduce normal rated life of lamps.
Low-Temperature Fluorescent Ballasts: Comply with above requirements, except ballast may be Class P electromagnetic type. Starting temperature is minus 20° C or colder.
*********************************************************************************************
NTS: The preferred option is LED. If LED is not available or practical for specific project applications keep HID Sections below, otherwise delete.
*********************************************************************************************
Light Emitting Diodes (LED)
Driver shall be accessible for easy replacement.
Weatherproof fixture housing shall be sealed completely against moisture and environment contaminants.
4100K   temperature, Color rendering index (CRI) greater than 70.
CSA Certified to US standards for 40°C ambient.
LED Fixtures: 
Conform to UL 8750 and UL 8752.
LED fixtures shall be modular and allow for separate replacement of lamps and drivers.  User serviceable LED lamps and drivers shall be replaceable from the room side.
Dimmable LED fixtures shall have either a 0-10 volt, three wire dimming driver or a two-step (50%, 100%) dimming driver.
LED Drivers: Electronic type, labeled as compliant with RFI requirements of FCC Title 47, Part 15, Level “A” sound rating, minimum of 0.8 power factor, and THD less than 20%.
Conform to UL 8753.
Certification by Electrical Testing Laboratory (ETL).
Dimming Drivers shall be 0-10 volt dimming with low end dimming to 10%.
Dimming drivers shall be strobe and flicker-free across the full dimming range.
Voltage: 120-277 volt unless listed on fixture schedule.
Conform to IEEE C62.41, Category A, for resistance to voltage surges for normal and common modes.
*********************************************************************************************
NTS: The preferred option is LED. If LED is not available or practical for specific project applications keep HID Sections below, otherwise delete.
*********************************************************************************************
High-Intensity-Discharge (HID) Fixtures: Conform to UL 1572.
HID Ballasts: Conform to UL 1029 and ANSI C82.4. Include following features, except as otherwise indicated.
Metal Halide Ballasts:
Pulse start ballast.
Operating Voltage: Match system voltage.
Single-Lamp Ballasts: Minimum starting temperature of minus 30°C.
Normal Ambient Operating Temperature: 40°C.
Open circuit operation will not reduce average life.
High-Pressure Sodium (HPS) Ballasts: Equip with a solid-state igniter/starter having an average life in pulsing mode of 10,000 hrs at an igniter/starter case temperature of 90°C.
Encapsulation: Manufacturer's standard epoxy-encapsulated model designed to minimize audible fixture noise.
Auxiliary, Instant-On, Quartz System: Automatically switches quartz lamp when fixture is initially energized and when momentary power outages occur. Turns quartz lamp off automatically when HID lamp reaches approximately 60% light output.
*********************************************************************************************
NTS: Standard design is LED type, if self-luminous exit signs are to be used, edit paragraph “Q” below
*********************************************************************************************
Exit Signs: Conform to UL 924 and following:
LED
Sign Colors: Red, unless local code requires green.
Minimum Height of Letters: Conform to local code.
Arrows: Include as indicated.
Self-Powered Exit Signs (Battery Type): Integral automatic high/low trickle charger in self-contained power pack.
Battery: Sealed, maintenance-free, nickel-cadmium type with special warranty.
Provide with self-diagnostics.
Emergency Lighting Units: Conform to UL 924. Provide self-contained units with following features:
Battery: Sealed, maintenance-free, lead-acid type with minimum 10 yr nominal life and special warranty.
Charger: Minimum 2-rate, fully automatic, solid-state type, with sealed transfer relay.
Provide with self-diagnostics.
Operation: Relay automatically turns lamp on when supply circuit voltage drops to 80% of nominal voltage or below. Lamp automatically disconnects from battery when voltage approaches deep-discharge level. Relay disconnects lamps and battery and automatically recharges and floats on trickle charger when normal voltage is restored.
Wire Guard: Where indicated, provide heavy-chrome-plated wire guard arranged to protect lamp heads or fixtures.
Time-Delay Relay: Provide time-delay relay in emergency lighting unit control circuit arranged to hold unit ON for fixed interval after restoration of power after outage. Provide adequate time delay to permit HID lamps to restrike and develop adequate output.
*********************************************************************************************
NTS: LED is preferred.  Remove HID/Fluorescent Items if not used.
*********************************************************************************************
Emergency Fluorescent Power Supply Unit: Conform to UL 924.
Internal Type: Self-contained, modular, battery-inverter unit factory mounted within fixture body.
Test Switch and LED Indicator Light: Visible and accessible without opening fixture or entering ceiling space.
Battery: Sealed, maintenance-free, nickel-cadmium type with minimum 10 yr nominal life.
Charger: Fully automatic, solid-state, constant-current type.
Operation: Relay automatically turns lamp on when supply circuit voltage drops to 80% of nominal voltage or below. Relay disconnects lamp and battery and automatically recharges when normal voltage is restored.
Provide with self-diagnostics.
External Type: Self-contained, modular, battery-inverter unit.
Test Switch and LED Indicator Light: Visible and accessible without entering ceiling space.
Battery: Sealed, maintenance-free, nickel-cadmium type with minimum 10 yr nominal life.
Charger: Fully automatic, solid-state, constant-current type.
Operation: Relay automatically turns lamp on when supply circuit voltage drops to 80% of nominal voltage or below. Battery automatically recharges when normal voltage is restored.
Emergency LED Emergency Lighting Unit: Conform to UL 924.
Internal Type: Self-contained, modular, battery-inverter unit factory mounted within fixture body.
Test Switch and LED Indicator Light: Visible and accessible without opening fixture or entering ceiling space.
Battery: Sealed, maintenance-free, nickel-cadmium type with minimum 10 yr nominal life.
Charger: Fully automatic, solid-state, constant-current type.
Operation: Relay automatically turns lamp on when supply circuit voltage drops to 80% of nominal voltage or below. Relay disconnects lamp and battery and automatically recharges when normal voltage is restored.
Provide with self-diagnostics.
LAMPS
Comply with ANSI C78 series that is applicable to each type of lamp.
Fluorescent: Fluorescent lamps shall be 28 watts or less and shall be low mercury as defined by a maximum allowable of 3.5 mg of mercury per 4 ft lamp. Fluorescent Color Temperature and Minimum Color-Rendering Index (CRI): 4100 K and 85 CRI, except as otherwise indicated.
Noncompact Fluorescent Lamp Life: Rated average is 20,000 hrs at 3 hrs per start when used on rapid start circuits.
Metal Halide: Shall be fabricated for low mercury content and be TCLP-compliant when available.  Lamps shall be clear-pulse, start type with high-efficacy and lumen maintenance. Metal Halide Color Temperature and Minimum Color-Rendering Index (CRI): 3600 K and 70 CRI, except as otherwise indicated.
*********************************************************************************************
NTS: REMOVE SECTIONS AS REQUIRED IF 26 09 23 IS INCLUDED.  Coordinate time switch requirements with Plant staff.
*********************************************************************************************
TIME SWITCH:
Type: Astronomic dial time switch with day‑omitting device.
Products and Manufacturers: Provide of one of the following:
Z Series by Tork Time Controls, Inc.
Or equal.
Timing Motor: Heavy-duty, synchronous, self‑starting, high torque, 120-volt or 277-volt, 60 Hertz, as shown on the Drawings.
Capacity: 40 amps per pole at 277 volts.
Dial: 24-hour rotation, with gear to provide one revolution per year that automatically raises the “ON” and “OFF” settings each day according to seasonal changes of sunset and sunrise. 
Reserve Power: Spring driven reserve sufficient to operate time switch contacts for not less than 30 hours after power failure.  On restoration of power, time switch shall transfer to synchronous motor drive and automatically rewind reserve.
LIGHTING CONTRACTOR AND CONTROLS:
Provide a lighting contactor and control system for control of each area where shown on the Drawings.  
Product and Manufacturer: Provide products of one of the following:
Square D Company.
Siemens.
Eaton.
Or equal.
System shall include:
Enclosure sized as required, complete with input control fuse and screw type terminal blocks rated 300-volt, 20-amp quantity for all circuits, unless indicated otherwise on the Drawings.  
Single coil, electrically-operated, mechanically-held contactor.  Contactor shall be rated 30-amp, 600-volt, with 120-volt operating coil, unless indicated otherwise on the Drawings.  Number of poles shall be as shown on the Drawings.  Provide multiple contactors when necessary.
Where lighting contactors are controlled by photocell, provide a 120-volt, two-pole control relay, enclosure mounted to convert the two-wire photocell control to three-wire control required by contactor.  Control shall include a cover mounted on-off-auto selector switch for “manual” or “auto” selection of operation.  In “auto” position, contactor shall respond to photocell.
Enclosure: As required for area classification per Section 26 05 05, General Provisions for Electrical Systems.
Identify panel in compliance with Section 26 0 53, Identification for Electrical Systems.
FINISHES
Manufacturer's standard, except as otherwise indicated, applied over corrosion-resistant treatment or primer, free of streaks, runs, holidays, stains, blisters, and similar defects.
EXECUTION
TEMPORARY LIGHTING
New lighting fixtures SHALL NOT be used for temporary lighting.
INSTALLATION
General: 
Fixture mounting heights and locations indicated on the Drawings are approximate and are subject to revision in the field where necessary to clear conflicts and obstructions.
Mounting Heights: Mounting heights or elevations are to bottom of fixture or to centerline of device.
Install fixtures in accordance with Laws and Regulations, the Contract Documents, and manufacturer instructions and recommendations.
Mount fixtures so that sufficient access is available for ready and safe maintenance.
Securely fasten equipment to walls or other surfaces on which equipment is mounted.
Suspended Fixtures: 
Pendant-mount using 1/2‑inch diameter conduit stems.  
Ground to outlet box.  
Attach mounting to building structure with expansion anchors.  
Fixtures shall not be dependent on the outlet box cover screws for support.
Surface Mounted Fixtures: 
Attach to appropriate outlet box.  
Attach to surface using fasteners and sealing washers when mounting fixture in damp or wet locations.
Boxes and Fixtures:
For units mounted against masonry or concrete walls, provide suitable 1/4‑inch spacers to prevent mounting back of box directly against wall.
Bolt units rigidly to building with expansion anchors, toggle bolts, hangers, or Unistrut.
Do not install boxes with open conduit holes.
Cable each circuit and identify with tag.
Set units plumb, square, and level with ceiling and walls, and secure according to manufacturer's written instructions and approved Shop Drawings. Support fixtures according to Section 26 05 29.
Support for Recessed and Semi-recessed Grid-Type Fluorescent Fixtures: DO NOT support fixtures from suspended ceiling support system. Install ceiling support system rods or wires at minimum of 4 rods or wires for each fixture, located not more than 6 in. (150 mm) from fixture corners.
Install support clips for recessed fixtures, securely fastened to ceiling grid members, at or near each fixture corner.
Fixtures Smaller than Ceiling Grid: Install minimum of 4 rods or wires for each fixture and locate at corner of ceiling grid where fixture is located. Do not support fixtures by ceiling acoustical panels.
Fixtures of Sizes Less than Ceiling Grid: Center in acoustical panel. Support fixtures independently with at least two 3/4 in. (20 mm) metal channels spanning and secured to ceiling tees.
Support for Suspended Fixtures: Brace pendants and rods over 48 in. (1200 mm) long to limit swinging. Support stem-mounted, single-unit, suspended fluorescent fixtures with twin-stem hangers. For continuous rows, use tubing or stem for wiring at one point and tubing or rod for suspension for each unit length of chassis, including one at each end.
Lamping: Where specific lamp designations are not indicated, lamp units according to manufacturer's  instructions.
CONNECTIONS
Ground lighting units. Tighten electrical connectors and terminals, including grounding connections, according to manufacturer’s published torque-tightening values. Where manufacturer's torque values are not indicated, use those specified in UL 486A.
FIELD QUALITY CONTROL
Inspect each installed fixture for damage. Replaced damaged fixtures and components.
Verify normal operation of each fixture after fixtures have been installed and circuits have been energized with normal power source.
Give advance notice of dates and times for field tests.
Provide instruments to make and record test results.
Interrupt electrical energy to demonstrate proper operation of emergency lighting installation. Include following information in tests of emergency lighting equipment:
Duration of supply.
Low battery voltage shutdown.
Normal transfer to battery source and retransfer to normal.
Low supply voltage transfer.
Replace or repair malfunctioning fixtures and components, then retest. Repeat procedure until all units operate properly.
Report results of tests.
Replace fixtures that show evidence of corrosion during Project warranty period.
ADJUSTING AND CLEANING
Clean fixtures after installation. Use methods and materials recommended by manufacturer.
Adjust aimable fixtures to provide required light intensities.
*********************************************************************************************
NTS: Fixture schedule shall be on the Construction Drawings.
*********************************************************************************************
+ + END OF SECTION + +
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1. GENERAL
DESCRIPTION
Scope:
Contractor shall provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install lighting fixtures and associated controls.
Section Includes:
Exterior lighting fixtures.
Lamps.
Ballasts.
Pole standards.
Accessories.
Coordination:
Coordinate location of fixtures with piping, ductwork, openings, and other systems and equipment and locate clear of interferences.
Related Sections:
*********************************************************************************************
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
*********************************************************************************************
Section 26 05 05, General Provisions for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 09 23, Lighting Control Devices.
MEASUREMENT AND PAYMENT
This item is to be included in overall Project cost and not bid as a separate Work item.  
REFERENCES
*********************************************************************************************
NTS: Retain applicable standards and add others as required.  Remove HID/Fluorescent items if not used.
*********************************************************************************************
Standards referenced in this Section are:
ANSI C2, Safety Code
ANSI C78, Electric Lamps
ANSI C78.51, Electric Lamps – LED
ANSI C82.16, LED Drivers
ASTM A123, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
ASTM A153, Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.
ASTM B209, Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate.
NEC Article 410, Luminaires, Lampholders, and Lamps.
National Fire Protection Association (NFPA) 70.
NEMA SSL 1, Electronic Drivers for LED Devices, Arrays, or Systems.
UL 773, Plug-In Locking Type Photocontrols for Use with Area Lighting
UL 844, Luminaires for Use in Hazardous (Classified) Locations.
UL 8750, Standard for LED Equipment for Use in Lighting Products
UL 8752, Standard for OLED Panels
UL 8753, Standard for Field-Replaceable LED Light Engines
DEFINITIONS
Fixture: Complete lighting device. Fixtures include lamp or lamps and parts required to distribute light, position and protect lamps, and connect lamps to power supply.
Lighting Unit: Fixture or assembly of fixtures with common support, including pole or bracket plus mounting and support accessories.
Luminaire: Fixture.
*********************************************************************************************
NTS:  Do NOT delete paragraphs “A”, “B”, “C’, and “D” in article 1.5 Submittals below. Review Paragraphs “A”, “B”, “C’, and “D” below and modify to suit project. If paragraphs are unused, do NOT delete paragraphs “A”, “B”, “C’, and “D”, instead add (NOT USED) after the submittal label. Submittal paragraphs below are closely coordinated for consistency between projects and with the Program Management Information System (PMIS) to allow for searching of submittals over a variety of projects and maintain consistency. To maintain this ability do NOT change the order, numbering, or labeling of submittal paragraphs and subparagraphs. Refer to 01 33 00 Submittal General Information Bulletin for additional information on updating the submittals section. 
*********************************************************************************************
SUBMITTALS
Action Submittals. Submit the following:
Product Data 
Exterior Lighting – Product Data 
For proposed fixtures, lamps, ballasts, poles, and accessories. Arrange Product Data for fixtures in order of fixture designation.
Include data on features, poles, accessories, finishes, and following:
Outline drawings indicating dimensions and principal features of fixtures and poles.
Electrical Ratings and Photometric Data: Certified results of laboratory tests for fixtures and lamps.
Shop Drawings 
Nonstandard Fixtures and Poles Shop Drawings
Indicating dimensions, weights, method of field assembly, components, and accessories.
Wiring Diagrams 
Detailing wiring for control system showing both factory-installed and field-installed wiring for specific system of this Project, and differentiating between factory-installed and field-installed wiring.
Anchor-Bolt Templates
Keyed to specific poles and certified by manufacturer.
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 (NOT USED)
Field Quality Control Submittals 
Exterior Lighting – Field Quality Control Reports 
Results of required field quality control tests and inspections.
Reports indicating and interpreting test results.
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 
Exterior Lighting – Operation and Maintenance Data 
Maintenance data for products to include operation and maintenance information.
Submit in accordance with Section 01 78 23.
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 
Exterior Lighting - Extra Material
Furnish extra materials described below that match products installed, are packaged with protective covering for storage, and are identified with labels describing contents.
Lamps: 10 lamps for every 100 of each type and rating installed. Furnish at least one of each type.
Glass and Plastic Lenses, Covers, and Other Optical Parts: 1 for every 100 of each type and rating installed. Furnish at least one of each type.
Ballasts: 1 for every 100 of each type and rating installed. Furnish at least one of each type.
Globes and Guards: 1 for every 20 of each type and rating installed. Furnish at least one of each type.
Tools (NOT USED)
QUALITY ASSURANCE
Comply with ANSI C2.
Items provided under this section shall be listed or labeled by UL or other Nationally Recognized Testing Laboratory (NRTL).
Term "NRTL" shall be as defined in OSHA Regulation 1910.7.
Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100.
Regulatory Requirements:
National Electrical Code (NEC): Components and installation shall comply with National Fire Protection Association (NFPA) 70.
NEC Article 410, Luminaires, Lampholders, and Lamps.
Fixtures for Hazardous Locations: Conform to UL 844. Provide units that have Factory Mutual Engineering and Research Corporation (FM) certification for indicated class and division of hazard.
DELIVERY, STORAGE AND HANDLING
Delivery:
Upon delivery, inspect equipment for evidence of water that may have entered equipment during transit.
Storage:
Store lighting fixtures, controls, related materials and equipment in clean, dry location with controls for uniform temperature and humidity.  Protect materials and equipment with coverings and maintain environmental controls.
Store materials and equipment for easy access for inspection and identification.  Keep materials and equipment off ground, using pallets, platforms, or other supports.  Protect materials and equipment from corrosion and deterioration.
Store poles on decay-resistant treated skids at least 12 in. (300 mm) above grade and vegetation. Support pole to prevent distortion and arrange to provide free air circulation.
Fiberglass Poles: Retain factory-applied pole wrappings until just before pole installation. Handle poles with web fabric straps.
Metal Poles: For poles with nonmetallic finishes, handle with web fabric straps.
Remove protective wrapping on aluminum poles upon installation.
WARRANTY
LED Drivers and lamps shall be warranted for a minimum of 5 years as a unit.
PRODUCTS
MANUFACTURERS
Subject to compliance with requirements, provide products by one of the following:
Eaton Lighting
Hubbell Lighting
Lithonia Lighting
Philips Lighting
FIXTURES AND FIXTURE COMPONENTS
Metal Parts: Free from burrs, sharp edges, and corners.
Sheet Metal Components: Corrosion-resistant aluminum, except as otherwise indicated. Form and support to prevent warping and sagging.
Housings: Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or deform in use. Provide filter/breather for enclosed fixtures.
Doors, Frames, and Other Internal Access: Smooth operating, free from light leakage under operating conditions, and arranged to permit relamping without use of tools. Arrange doors, frames, lenses, diffusers, and other pieces to prevent accidental falling during relamping and when secured in operating position. Provide for door removal for cleaning or replacing lens. Arrange for door opening to disconnect ballast.
Exposed Hardware Material: Stainless-steel.
Reflecting Surfaces: Minimum reflectance as follows, except as otherwise indicated:
White Surfaces: 85%
Specular Surfaces: 83%
Diffusing Specular Surfaces: 75%
Plastic Parts: High resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
Lenses and Refractors: Materials as indicated. Use heat- and aging-resistant, resilient gaskets to seal and cushion lens and refractor mounting in fixture doors.
Photoelectric Relays: Conform to UL 773.
Contact Relays: Single throw, arranged to fail in ON position and factory set to turn light unit on at 1.5 to 3 foot-candles (16 to 32 lux) and off at 4.5 to 10 foot-candles (48 to
108 lux) with 15 sec minimum time delay.
Relay Mounting: In fixture housing.
Photocell shield deflector to minimize nuisance activation.
*********************************************************************************************
NTS: The preferred option is LED. If LED is not available or practical for specific project applications keep HID Sections below, otherwise delete.
*********************************************************************************************
Light Emitting Diodes (LED)
Driver shall be accessible for easy replacement.
Weatherproof fixture housing shall be sealed completely against moisture and environment  contaminants.
4100K   temperature, Color rendering index (CRI) greater than 70.
LED driver shall have power factor greater than 90% and THD less than 20%.
CSA Certified to US standards for 40°C ambient.
LED Fixtures: 
Conform to UL 8750 and UL 8752.
LED fixtures shall be modular and allow for separate replacement of lamps and drivers.  User serviceable LED lamps and drivers shall be replaceable from the room side.
Dimmable LED fixtures shall have either a 0-10 volt, three wire dimming driver or a two-step (50%, 100%) dimming driver.
LED Drivers: Electronic type, labeled as compliant with RFI requirements of FCC Title 47, Part 15, Level “A” sound rating, minimum of 0.8 power factor, and THD less than 20%.
Conform to UL 8753.
Certification by Electrical Testing Laboratory (ETL).
Dimming Drivers shall be 0-10 volt dimming with low end dimming to 10%.
Dimming drivers shall be strobe and flicker-free across the full dimming range.
Voltage: 120-277 volt unless listed on fixture schedule.
Conform to IEEE C62.41, Category A, for resistance to voltage surges for normal and common modes.
High-Intensity-Discharge (HID) Fixtures: Conform to UL 1572.
HID Ballasts: Conform to UL 1029, and ANSI C82.4. Include following features, except as otherwise indicated.
Metal Halide Ballasts:
Pulse start ballast.
Ballast Fuses: 1 in each ungrounded supply conductor. Voltage and current ratings as recommended by ballast manufacturer.
Operating Voltage: Match system voltage.
Single-Lamp Ballasts: Minimum starting temperature of minus 30°C.
Open circuit operation will not reduce average life.
Noise: Uniformly quiet operation, with a noise rating of B or better.
Auxiliary, Instant-On, Quartz System: Automatically switches quartz lamp when fixture is initially energized and when momentary power outages occur. Turns quartz lamp off automatically when HID lamp reaches approximately 60% light output. Mount control components internal to ballast and independent of incoming line voltage.
Lamps: Comply with ANSI C78 series that is applicable to each type of lamp. Provide fixtures with indicated lamps of designated type, characteristics, and wattage. Where lamp is not indicated for fixture, provide medium wattage lamp recommended by manufacturer.
Outdoor Fixtures: Provide each fixture to be installed outdoors with cut-off lens to reduce the fixture’s light pollution emissions.
*********************************************************************************************
NTS: REMOVE SECTIONS AS REQUIRED IF 26 09 23 IS INCLUDED.  Coordinate time switch requirements with Plant staff.
*********************************************************************************************
Time Switch:
Type: Astronomic dial time switch with day‑omitting device.
Products and Manufacturers: Provide of one of the following:
Z Series by Tork Time Controls, Inc.
Or equal.
Timing Motor: Heavy-duty, synchronous, self‑starting, high torque, 120-volt or 277-volt, 60 Hertz, as shown on the Drawings.
Capacity: 40 amps per pole at 277 volts.
Dial: 24-hour rotation, with gear to provide one revolution per year that automatically raises the “ON” and “OFF” settings each day according to seasonal changes of sunset and sunrise. 
Reserve Power: Spring driven reserve sufficient to operate time switch contacts for not less than 30 hours after power failure.  On restoration of power, time switch shall transfer to synchronous motor drive and automatically rewind reserve.
Lighting Contactor and Controls:
Provide a lighting contactor and control system for control of each area where shown on the Drawings.  
Product and Manufacturer: Provide products of one of the following:
Square D Company.
Siemens.
Eaton.
Or equal.
System shall include:
Enclosure sized as required, complete with input control fuse and screw type terminal blocks rated 300-volt, 20-amp quantity for all circuits, unless indicated otherwise on the Drawings.  
Single coil, electrically-operated, mechanically-held contactor.  Contactor shall be rated 30-amp, 600-volt, with 120-volt operating coil, unless indicated otherwise on the Drawings.  Number of poles shall be as shown on the Drawings.  Provide multiple contactors when necessary.
Where lighting contactors are controlled by photocell, provide a 120-volt, two-pole control relay, enclosure mounted to convert the two-wire photocell control to three-wire control required by contactor.  Control shall include a cover mounted on-off-auto selector switch for “manual” or “auto” selection of operation.  In “auto” position, contactor shall respond to photocell.
Enclosure: As required for area classification per Section 26 05 05, General Provisions for Electrical Systems.
Identify panel in compliance with Section 26 05 53, Identification for Electrical Systems.
FIXTURE SUPPORT COMPONENTS
Pole-Mounted Fixtures: Conform to AASHTO LTS-3.
Wind-load strength of total support assembly, including pole, arms, appurtenances, base, and anchorage, is adequate to carry itself plus fixtures indicated at indicated heights above grade without failure, permanent deflection, or whipping in steady winds of 100 mi./h (160 km/h) with gust factor of 1.3.
Arm, Bracket, and Tenon Mount Materials: Match poles' finish.
Mountings, Fastenings, and Appurtenances: Corrosion-resistant items compatible with support components. Use materials that will not cause galvanic action at contact points. Use mountings that correctly position luminaire to provide indicated light distribution.
*********************************************************************************************
NTS: Insert at (--1--) below type of pole shaft. Options include Fluted, Straight, and Tapered. 
*********************************************************************************************
Pole Shafts: (--1--) 
*********************************************************************************************
NTS: Insert at (--1--) below type of pole shaft. Options include Fluted, Straight, and Tapered. 
*********************************************************************************************
Steel Poles: Provide square steel poles having minimum 11-gauge steel with minimum yield strength of 48000 psi and (--1--) steel poles shall comply with ASTM A123 and A153.
Aluminum Poles: ASTM B209 (ASTM B209M), 5052-H34 alloy. Provide access handhole in pole wall.
Pole Bases: Anchor type with galvanized steel hold-down or anchor bolts, leveling nuts, and bolt covers. Height exposed above grade shall be between 12” to 30” based upon installation location.
Metal Pole Grounding Provisions: Welded 1/2 in. (12 mm) threaded lug, accessible through handhole.
Pole-Top Tenons: Fabricated to support fixture or fixtures and brackets indicated and securely fastened to pole top.
Concrete for Pole Foundations:
Comply with Section 03 30 00.
Use 3000 psig strength, 28 day concrete.
Aluminum Mast Arms: Tapered oval arms continuously welded to pole attachment plate with span and rise as indicated.
Metal Pole Brackets: Designed to match pole metal. Provide cantilever brackets without underbrace, in sizes and styles indicated, with straight tubular end section to accommodate fixture.
*********************************************************************************************
NTS: Consult with Owner on the color of the fixture finish. Standard color is dark bronze.
*********************************************************************************************
FINISHES
Metal Parts: Manufacturer's standard finish, except as otherwise indicated, applied over corrosion-resistant primer, free of streaks, runs, holidays, stains, blisters, and similar defects.
Other Parts: Manufacturer's standard finish, except as otherwise indicated.
EXECUTION
TEMPORARY LIGHTING
New lighting fixtures SHALL NOT be used for temporary lighting.
INSTALLATION
General: 
Fixture mounting heights and locations indicated on the Drawings are approximate and are subject to revision in the field where necessary to clear conflicts and obstructions.
Mounting Heights: Mounting heights or elevations are to bottom of fixture or to centerline of device.
Install fixtures in accordance with Laws and Regulations, the Contract Documents, and manufacturer instructions and recommendations.
Mount fixtures so that sufficient access is available for ready and safe maintenance.
Securely fasten equipment to walls or other surfaces on which equipment is mounted.
Suspended Fixtures: 
Pendant-mount using manufacturer’s recommended diameter conduit stems.  
Ground to outlet box.  
Attach mounting to building structure with expansion anchors.  
Fixtures shall not be dependent on the outlet box cover screws for support.
Surface Mounted Fixtures: 
Attach to appropriate outlet box.  
Attach to surface using fasteners and sealing washers when mounting fixture in damp or wet locations.
Boxes and Fixtures:
For units mounted against masonry or concrete walls, provide suitable 1/4‑inch spacers to prevent mounting back of box directly against wall.
Bolt units rigidly to building with expansion anchors, toggle bolts, hangers, or Unistrut.
Do not install boxes with open conduit holes.
Cable each circuit and identify with tag.
Set units plumb, square, level, and secure according to manufacturer's written instructions and approved submittals.
Concrete Foundations: Construct according to Section 03 30 00.
Comply with details and manufacturer's recommendations for reinforcing, anchor bolts, nuts, and washers. Verify anchor-bolt templates by comparing with actual pole bases furnished.
Finish: Trowel and rub smooth parts exposed to view.
Pole Installation: Use web fabric slings (not chain or cable) to raise and set poles.
Fixture Attachment: Fasten to indicated structural supports.
Fixture Attachment with Adjustable Features or Aiming: Attach fixtures and supports to allow aiming for indicated light distribution.
Lamp fixtures with indicated lamps according to manufacturer's written instructions. Replace malfunctioning lamps.
GROUNDING
Ground fixtures and metal poles according to Section 26 05 26.
Poles: Install 10 ft (3 m) driven ground rod at each pole.
Nonmetallic Poles: Ground metallic components of lighting unit and foundations. Connect fixtures to grounding system with No. 6 AWG conductor.
FIELD QUALITY CONTROL
Inspect each installed unit for damage. Replace damaged fixtures and components.
Tests and Observations:
Give advance notice of dates and times for field tests.
Provide instruments to make and record test results.
Verify normal operation of lighting units after installing fixtures and energizing circuits with normal power source. Include following:
Photometric Tests: Measure light intensities at night at locations where specific illumination performance is indicated. Use photometers with calibration referenced to National Institute of Standards and Technology (NIST) standards.
Check for intensity of illumination.
Check for uniformity of illumination.
Check for excessively noisy ballasts and/or drivers.
Prepare written report of tests indicating actual illumination results.
Replace or repair damaged and malfunctioning units, make necessary adjustments, and retest. Repeat procedure until units operate properly.
ADJUSTING AND CLEANING
Clean units after installation. Use methods and materials recommended by manufacturer.
Adjust aimable fixtures to provide required light intensities.
*********************************************************************************************
NTS: Fixture schedule shall be on the Construction Drawings.
*********************************************************************************************
+ + END OF SECTION + +
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