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Approach Lighting System with Flashers

Warning: 

The Statement of Work (SOW) paragraphs, Contract Data Requirements List (CDRL) items, and Data Item Descriptions (DIDs) identified for your type of acquisition are recommendations only. You are expected to modify or add SOW paragraphs, CDRLs, or DIDs to address the specific requirements of your program.
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[bookmark: _Toc394345376]GENERAL REQUIREMENTS 

[bookmark: _Toc394345377]1.1	Summary of Work

This specification covers the requirements for construction of an approach lighting system with flashers (ALSF).  Work includes, but is not limited to, site preparation, trenching, power cable, control cable, conduit and grounding installation, crushed rock surfacing, paving, concrete foundations, interior work in the ALSF equipment building, installation of Government Furnished (GFP) ALSF equipment, installation of GFP engine generator van, installation of GFP above ground fuel tank, removal of existing MALSR shelter and foundations, and various other items.

[bookmark: _Toc394345378]1.2	Order of Precedence
 
In case of any differences between the following, the following order of precedence must govern:

a. Contract Schedule, clauses and representations
b. Project Specifications, [Insert SOW section]
c. Project Specifications, [Insert SOW section]
d. Project Drawings
e. Reference Drawings
[bookmark: _Toc394345379]1.3	Government-Furnished Property (GFP) 

A.  General - The contractor must take possession of all GFP listed on [document] within one week of the Notice to Proceed.   The Contractor will be responsible for providing suitable storage space for the GFP. Indoor storage space must be provided by the Contractor for all equipment or materials which may be damaged if exposed to the elements; out-of-door space will be acceptable for other items which will not be damaged if stored outside.  After the Contractor has accepted the materials from the Government, all materials lost or damaged will be replaced or paid for by the Contractor.

B.  Inspection - When materials furnished by the Government are turned over to the Contractor, it must be the Contractor's responsibility to check the materials, to see that they are in good condition and that the quantities are sufficient to accomplish the installation required. Should the Contractor find that the quantities of the items furnished are not sufficient, he must immediately notify the Resident Engineer in writing so that additional quantities may be obtained without delaying the completion of the installation.  All cables must be tested before installation.  The ALSF and the engine/generator must be tested after installation by the Contractor as described in Section 5.0 Any cable found defective after placement must be replaced by the contractor.  All Government Furnished Property not installed must be returned to the Resident Engineer. 

C.  Inventory - A copy of [document] acknowledging receipt of the Government material must annotate any discrepancies if necessary. An inventory of Government material, compiled after contract completion, must be signed.  Inventory must show quantities of each item received, quantities of each item consumed in contract performance and quantities of each item returned.

[bookmark: _Toc394345380]1.4	Project Schedule 

A.  Time of Performance - Work must be performed as necessary to complete the construction within Ninety Four (94) calendar days from and including the effective date of Notice-to-Proceed (NTP).  Work must be performed during the hours of 8:00 am and 4:30 pm, Monday through Friday, except for work within the Runway Safety Area which must be performed between the hours of [time].  No other work must be performed outside these hours or scheduled on Saturdays, Sundays or legal holidays without prior approval from the Resident Engineer.

B.  Milestone Schedule - The Contractor must, within 5 working days after the award of the contract, submit a proposed milestone schedule.  The proposed schedule must contain start and completion dates for all major items of work as well as the overall project and any potential material procurement problems that may arise.  The schedule must be in a format to show the time interrelationship of the salient features of the work.  The schedule must be updated when the contract time is 50% complete, and is subject to revision based on potential interference with airport operations.

1.  Construction Milestones - NTP is planned to be [date].  Because of wet ground conditions, some areas of work may not be practical for trenching and foundation construction until [date].  The ALSF lights must be ready for a visual flight inspection by the FAA by [date].


[bookmark: _Toc394345381]1.5	Special Requirements for Work at [Name] Airport 

A.  Preconstruction Conference  -  The Contractor must attend a preconstruction conference with the Contracting Officer or designated representative, the Resident Engineer, a [Name] System Service Center (SSC) representative and the [Name] Airport representatives to determine the operating procedures that the Contractor must comply with to meet FAA and Airport requirements.  

B.  Airport Security - During the course of the contract, the Contractor must be responsible for maintaining security against unauthorized access to the airport.  The Contractor will be held responsible for any fines, damages or civil penalties filed against the [location] for the Contractor's failure to maintain the regulations set forth herein.  The Contractor must be fully responsible for compliance by himself and all of his employees and subcontractors with the airport security program and following regulations and orders of the Airport management.  These regulations may affect identification of employees, movement around the airport, parking, entry, and other circumstances affecting the safety or protection of persons or property.
1. Access - Workers must be badged as required by the Airport Authority.  The Contractor's vehicles and equipment must enter the airport or construction areas only over authorized routes.  Deliveries to work sites must be controlled by the Contractor's security/gate guard.  The use of runways, aprons, taxiways and ramps will not be permitted unless specifically approved by the Airport Representative and coordinated with the Resident Engineer.  The haul routes and staging areas will be determined at the preconstruction conference; any changes require the approval of the Resident Engineer and the Airport.  The Contractor must keep the gates locked and secured at all times when not in use.

a. All vehicles and motorized equipment must be marked with a flashing yellow beacon (day or night) and/or an international orange and white checkerboard flag (day only) during all construction activities.  All construction work must be in accordance with [document].

2. Air Operations Area - For the purpose and intent of these regulations, air operations area is construed to mean any area used or intended to be used for take-offs, landing, or surface maneuvering of aircraft, and all other areas restricted to public access on the field.  Only Contractor's employees are permitted in the work sites.

a. Runway and Taxiway Safety Areas - The Runway Safety Area (RSA) is a designated area including the runway or taxiway and areas immediately adjacent to them and is intended to reduce the risk of damage to an aircraft inadvertently leaving the runway.  In the case of Runway XX-XX, the RSA includes an area 250 feet on either side of the runway centerline for a total of 500 feet and extends 1000 feet beyond the runway ends. The Taxiway Safety Area (TSA) includes an area 85.5 feet each side from the taxiway centerline for a total of 171 feet.  The Contractor must not work in Runway Safety Areas (RSA) or Taxiway Safety Area (TSA) as long as the associated runway or taxiway is operational.

b. All trenches and excavations for foundations within the Safety Areas must be backfilled or covered prior to the runway or taxiway being reopened.  Trenches and excavations must be filled to within 3 inches of the surrounding grade or covered by steel plate sufficient to support the aircraft in use at the airport.  Objects within the Safety Area must not project more than 3 inches above the surrounding grade.

c. Runway XX-XX Safety Area - All work within 1000 feet of the threshold in the safety area must be done at night when closure of the runway to aircraft traffic is possible.  Work may only proceed between the hours of [time].  At [time] (or after the last arrival of commercial flight needing the runway if delayed), following radio communication with the control tower, the runway will be closed to traffic and the contractor will be allowed to travel to this area to begin work.  Closure of the runway includes placing airport furnished yellow X's at both ends of the runway.  The contractor should schedule so that work must be completed by [time], and so that cleanup may be completed by [time].  The Resident Engineer will inspect the work areas for the removal of all materials and equipment, closing of excavations, and for cleanliness of paved surfaces.  Any work required by the inspection must be done by the Contractor such that all work must be complete and all personnel, materials, and equipment must be removed from the runway safety area by [time].  

Work may be allowed within 1000 feet from the threshold during the day provided no vehicles are present, permission is received from the control tower, and radio communication is maintained with the control tower in the event the workers need to leave the runway safety area.  Workers will be required to leave the runway safety area during aircraft operations on the runway.

d. Working and Storage Near Active Airport Surfaces  -  The Contractor must not allow men, equipment or materials to be located, stored or stocked within 500 feet of any runway centerline or within 107 feet of any taxiway centerline during the entire period of this contract.  Contractor must confine storage of equipment and materials to the Contractor Staging Area as determined at the preconstruction conference.

3.  Driver Training Certification - The FAA requires those individuals who drive on aircraft operations areas to have read and understood A Guide to Ground Vehicle Operations on the Airport.  The Guide will be sent to the Contractor within five (5) calendar days after the contract award.  The Contractor will be responsible to ensure that each of his/her employees who will be driving on an airport has complied with this directive and has read the guide.  After reading and understanding the Guide, the Contractor must complete the attached "FAA Order 5200.7, FAA Driver Training Certification" and return it to the Contracting Officer at the pre-construction conference.  The Contractor must provide a certified driver to escort equipment and delivery vehicles.

C.  Radio Communications - The Contractor's superintendent and all crews must be equipped with a transceiver radio and required to monitor the ground control frequency.  The tower must be contacted and permission received prior to any movement while within the runway safety area.  Such radios must be used so that any unusual occurrence of approaching, departing, taxiing aircraft can be acknowledged by all concerned parties.

D. 	Environmental Management - In order to comply with Executive Orders 13423 and 13514 and the FAA Green Procurement Plan (GPP), the Contractor must provide environmentally preferable products and services that are:

· Less toxic or non-toxic. Examples include:
· Environmental Protection Agency’s Design for the Environment (DfE) label (http://www.epa.gov/dfe)
· Green Seal certified (http://www.greenseal.org)
· Products that meet/exceed DfE, Green Seal, and/or SCAQMD specifications;
· Environmental Protection Agency designated recycled content items (http://www.epa.gov/epawaste/conserve/tools/cpg/products/index.htm);
· Designated as Bio-Preferred by the U.S. Department of Agriculture (http://www.biopreferred.gov); 
· Non-ozone depleting chemical substitutes identified by the Environmental Protection Agency’s Significant New Alternatives Policy (SNAP) (http://www.epa.gov/ozone/snap/index.html); and
· Energy Star certified (http://www.energystar.gov) or other energy-efficient products listed on the Department of Energy’s FEMP Product Energy Efficiency Recommendations product lists.

These program elements are described in additional detail on the Office of the Federal Environment Executive website (http://www.ofee.gov).

E. 	Waste Management - In accordance with EO 13514, FAA is required to divert from landfill or incineration facility disposal a minimum of 50% of the non-hazardous waste generated as a result of its operations. In support of meeting this requirement, the Contractor must divert from landfill or incineration facility a minimum of 50% of the non-hazardous waste generated and 50% of construction and demolition debris generated as a result of the Contractor’s work, to the maximum extent feasible. The Contractor must report non-hazardous diversion rates on a regular basis [refer to Solid Waste and Recycling DID and/or Construction and Demolition Debris Diversion DID if applicable]. The Whole Building Design Guide (http://www.wbdg.org) outlines recommended practices for construction waste and debris removal. 

F.  Final Cleanup and Site Restoration - Immediately prior to the contract final inspection at the site, the Contractor must clean all areas of the construction site.  All access roads used by the contractor during construction must be restored to the condition existing at the start of the contract.  For all damaged portions, apply a new layer of surface course, compact, and grade smooth.

[bookmark: _Toc394345382]1.6	Submittals 
The Contractor must submit to the Resident Engineer for review and recommendation catalog cuts and/or drawings of the equipment and materials that the Contractor proposes to incorporate into the construction.  Three (3) copies of all catalog cuts and/or drawings must be submitted for approval within ten (10) calendar days after contract award.  One (1) copy will be returned to the Contractor after being approved by the Contracting Officer.  Submitted data must be complete and coordinated with the work of other trades.  If submitted data show variations from the contract requirements, the Contractor must describe such variations in his letter of transmittal.  If the Contractor fails to describe such variations, he must not be relieved of the responsibility for executing the work in accordance with the contract, even though such drawings have been approved.  The Contractor must submit and obtain Contracting Officer approval before ordering materials.

Submittals for approvals include, but are not limited to the following, and must include shop drawings where required:

· Schedule/progress chart	
· Warning tape
· Geotextile fabrics
· Aggregate Base and surface courses
· Controlled density fill
· Asphalt concrete
· Reinforcing steel
· Concrete
· Epoxy floor coating
· Rubber/dielectric matting
· Paint
· Thermostats
· Automatic controls
· HVAC Controls
· Current regulators mounting base
· Current regulators drip pan
· Automatic controls
· HVAC Controls
· Fuel tank piping
· SPCC Plan
· Ground access wells
· Handholes
· Brass caps (for cable markers)
· Conduit
· Circuit breakers
· Cable splices 
· Ground lugs
· Heat shrink tubing
· Power, ground and control conductors
· Ground bushings
· Electrical enclosures
· Ground electrodes
· Light fixtures
· Safety switches
· Fuses
· Lightning protection	
· GFI receptacles
[bookmark: _Toc394345383]1.7	Temporary Utilities 
Electrical power, water and sanitary facilities are not available at the project site.  Such facilities must be provided, maintained and removed upon project completion by Contractor.

[bookmark: _Toc394345384]1.8	Protection of Existing Utilities and Cables 
The existing utility lines, utility structures and all underground cables as shown on the Project Drawings are approximate.  The Contractor must contact the local utility marking service at 1-XXX-XXX-XXXX to have utilities marked.  These markings are valid for ten days and may be renewed repeatedly.  The Contractor must excavate by hand where excavation occurs in the vicinity of existing utilities or cables.  The Contractor must immediately repair and pay any costs arising from any damage done by the Contractor, subcontractor or suppliers to utilities or cables, whether or not such utilities and cables are shown on the Project Drawings.  The repair must be completed to the satisfaction of the owner.  In the event that the Contractor damages any existing utility lines, Contractor must report such damage immediately to the Resident Engineer. 

[bookmark: _Toc394345385]1.9	Coordination 
The Contractor must designate a full-time on-site representative to act for him.  The Contractor must fully coordinate this construction with other ongoing construction work in the area. In addition to normal coordination, prior to the contractor excavating for concrete foundations, 48 hour written notice must be given to the Resident Engineer.  Prior to the contractor backfilling trenches containing conduit or cable, 24 hour notice must be given to the Resident Engineer.

[bookmark: _Toc394345386]1.10	Layout 
The FAA will establish the initial control lines and grades.  The Contractor must verify established control points and perform any additional surveys required for construction layout.  The Contractor is to properly maintain the specified layouts to assure proper alignment of the construction and must replace any disturbed control point at the Contractor's expense.

[bookmark: _Toc394345387]1.11	Liability Insurance 
The Contractor must obtain and maintain comprehensive general liability insurance against any and all claims for damages to person or property which may arise from his/her operations.  Coverage must include Contractor, subcontractors and anyone directly or indirectly employed by them.  The comprehensive general liability insurance must be combined single limit for broad form property damage and bodily injury.  The insurance amount must be $2,000,000.  Automobile Liability insurance amount of $1,000,000 is required. The policies must name "The United States of America, acting by and through the Federal Aviation Administration and the City and County of Eugene" as an additional insured with respect to operations performed under this contract.  The policy must include the following provision:  "It is a condition of this policy that the insurer must furnish written notice to the Federal Aviation Administration thirty (30) days in advance of any reduction in or cancellation of this policy".  Two certificates of such insurance must be delivered to the Contracting Officer for FAA approval before commencing work and is subject to review and approval by Airport and [Location] authorities.  In addition, the Contractor must provide evidence of Workman's Compensation Insurance equal to or exceeding $100,000.

[bookmark: _Toc394345388]SITE WORK 

[bookmark: _Toc394345389]2.1	Site Clearing and Grubbing 
A.  General - The Contractor must provide the labor, equipment and materials to grub the site of all grass, sod and other materials as specified and shown on the Project Drawings.

B.  Site Boundaries - Horizontal and vertical control is available at the existing R/W XX Threshold and Centerline.  The Contractor must, without additional cost to the Government, stake out the locations of all structures and access roads and must establish an elevation near each structure.  The Contractor must verify established control points, perform any additional surveys and maintain control points as required to ensure the accuracy of the work.

C.  Grubbing - Grubbing must consist of the removal and disposal of vegetation from the project site to a minimum depth of six inches.  This material, along with other organic or metallic debris not suitable for foundation purposes must be removed. 

D.  Disposal of Cleared Materials - All vegetation material and other refuse from the clearing and grubbing operations must be removed from the site and disposed of at the Contractor's expense and at no extra cost to the Government.  Unless authorized by the Resident Engineer and Airport Authority, disposal of material must not be permitted on airport property.


2.2 	Excavation and Backfill 
A.  General  -  The Contractor must perform and complete all work necessary for excavation, filling, backfilling and grading as shown on the Project Drawings and as specified.

B.  Applicable Documents - The latest edition in effect of the following publications form a part of this specification and are applicable as specified herein.

1. American Association of State Highway and Transportation Officials (AASHTO)

AASHTO-T-11 Amount of Material Finer Than 0.075 mm Sieve in Aggregate
AASHTO-T-27 Sieve Analysis of Fine and Course Aggregates
AASHTO-T-96 Los Angeles Abrasion Test
AASHTO-T99   Moisture-Density Relations of Soils
AASHTO-T-180 Moisture-Density Relations of Soils, Modified
AASHTO-T191 Field Determination of Density of Soil in Place, Sand Cone Method
AASHTO-T204 Field Determination of Density of Soil in Place, Dry Cylinder Method
AASHTO-T205 Field Determination of Density of Soil in Place, Rubber Balloon Method
AASHTO-T233 Field Determination of Density of Soil in Place, Block, Chunk or Core Method
AASHTO-T238 Standard Method of Test for Density of Soil and Soil-Aggregate in Place by Nuclear Methods (Mustow Depth)
AASHTO-T239 Standard Method of Test for Moisture Content of Soil and Soil-Aggregate in Place by Nuclear Methods (Mustow Depth)

2. American Society for Testing and Materials (ASTM) Standard

ASTM D-424 - Standard Test Method for Plastic Limit and Plastic Index of Soils
ASTM D-3787 - Standard Test Method for Bursting Strength of Knitted Goods -- Constant-Rate-of-Traverse (CRT) Ball Burst Test
ASTM D-4535 - Standard Test Method for Trapezoid Tearing Strength of Geotextiles
ASTM D-4632 - Standard Test Method for Grab Breaking Load and Elongation of Geotextiles
ASTM D-4751 - Standard Test Method for Determining Apparent Opening Size of a Geotextile
ASTM D-4833 - Standard Test Method for Index Puncture Resistance of Geotextiles, Geomembranes, and Related Products
	 
C.  Excavation

1. Classification - All material excavated is unclassified.  

2. Drainage - Excavation must be performed so that all paved, crushed rock surfaces, or graded areas of the site will be continually and effectively drained.  Water must not be permitted to accumulate in the excavation.  The excavation must be drained by pumping or other satisfactory methods to prevent softening of the foundation bottom, undercutting of footings or other actions detrimental to proper construction procedures.

3. Freezing - When freezing weather is expected, excavations must not be made to the full depth unless the footing concrete can be placed immediately.  If excavation is already at full depth, the excavation must be protected from frost.

4. Excavation for Slabs and Footings - The excavations must conform to the dimensions and elevations of the Project Drawings applicable to footings and other foundation structures that are cast in place.

a. Limits - Excavations must be to the depths shown on the drawings.  Unauthorized over excavation must be replaced at no additional cost to the Government to the indicated excavation grade with Structural Fill, Control Density Fill, or concrete.  Excavation must extend a sufficient distance from footings to allow for placing and removal of forms, for installation of services and for inspection, except where the concrete for walls and footings is authorized by the Resident Engineer to be deposited directly against excavated rock surfaces.

5. Trench Excavation - Trenches for direct earth burial cables, conduits and other utilities must conform to the dimensions and elevations shown on the Project Drawings.  The banks need not be kept vertical but may be sloped or widened to such general limits as may be set by the Resident Engineer, provided there is no interference with other utilities.  The trench bottom must be a minimum of 12 inches wide or as required to provide separation between power and control cables (12 inches minimum) or between power cables of different voltages (six inches minimum).  Any over excavation must be filled with sand containing no material aggregate particles that would be retained on a Â¬-inch sieve or material excavated from the trench and must be approved by the Resident Engineer. The fill material must be compacted to approximately the density of the adjacent soil.

6. Safety and Protection of Work - All excavation work must comply with Federal, State and local regulations.  Sheeting and shoring must be done as may be necessary for the protection of the work and for the safety of personnel.  The manner of bracing excavations must comply with local regulations and OSHA construction regulations.  Excavations not shored or braced must have maximum allowable side slopes of 1.5 horizontal to 1 vertical.  Grading must ensure proper drainage at all times.

7. Utilization of Excavated Materials - Satisfactory excavated material must be used in the work insofar as practicable.   All other trash, vegetative material, mixed soil/debris and construction debris must be disposed of off airport property at the Contractor's expense.  No excavated material must be disposed of in a way that obstructs the flow of any stream, endangers a partly finished structure, impairs the efficiency or appearance of any structure or which will be detrimental to the completed work in any way.

8. Inspection of Excavated Area - When excavations have reached the required elevations, the Contractor must not proceed with further construction of the excavated area until the area has been inspected and approved by the Resident Engineer.

D.  Fill and Backfill
    
1.  Weather Conditions - No fill or backfill operations must be performed when weather conditions are determined by the Resident Engineer to be too wet or cold to allow such operations.

2.  Satisfactory Material  -  Material suitable for structural fill, backfill and embankment purposes must consist of clean, well graded, sandy gravel, or gravely sand, Having a maximum size of 4 inches and containing less than 15 percent by weight of non-plastic fines, i.e., material passing the No. 200 sieve, based on the minus 3/4 inch fraction.   Material must be approved by the Resident Engineer.  Control Density Fill (CDF), also known as Controlled Low Strength Material (CLSM) having a minimum compressive strength of 300 psi will also be considered acceptable material.


3. Preparation of Surface for Fill and Embankment - All surfaces designated to receive fill and embankment material must be inspected before material placement.  All subgrade areas to be filled must be proof compacted to a minimum of 92 percent of the Modified Proctor Maximum Dry Density (AASHTO T-180) using a minimum 6 ton static weight vibratory compactor.  The finished surface must be smooth, compacted and free from irregular surface changes.  The degree of finish must be that ordinarily obtained from blade-grader operations or, where more suitable, hand raking.
4. Source of Fill Material - Fill material must be selected for the particular fill area for which it is to be used.  Fill material must not be confused with surfacing aggregate.  Fill material obtained from approved sources not located on Government-controlled land must be the Contractor's responsibility.  Necessary clearing, grubbing, and disposal of debris must be considered incidental to the borrow excavation and must be performed by the Contractor.  All material stockpiled on site must either be used as fill material or disposed of by the Contractor.

5. Fill for Slabs and Foundations  -  Structural fill for slabs and foundations must be brought to optimum moisture content (+/- 2%) and then placed in lifts not exceeding 10 inches loose measure, and compacted to a minimum of 95 percent of the Modified Proctor Maximum Dry Density (AASHTO T-180).   Unless directed by the Resident Engineer, no backfill must be placed against footings prior to seven days after footings and slabs are placed.

6. Backfilling of Trenches - The trenches must not be backfilled until conduit installation has been inspected and approved by the Resident Engineer.  Unless otherwise specified, trenches must be opened only to the extent that conduits can be installed and the trench closed during the same working day.

a. Lower Portion of Trench - After the cable or conduit has been installed, the trench must be backfilled.  The first layer of backfill must be three inches deep, loose measurement, and must be either earth or sand containing no material aggregate particles that would be retained on a Â¬-inch sieve, except PUL conduits under roadways or parking areas must be encased in 3 inch minimum concrete all around. Fill material in this layer must not be compacted unless it separates cables or conduit.  Backfill separating cables or conduit must be firmly tamped in a manner that will not damage the cable or conduit.  Backfill around existing utility lines exposed during trenching operations must conform to this paragraph.

b. Remainder of Trench - The second layer of trench backfill must be five inches deep, loose measurement and must contain no particles that would be retained on a Â¬ inch sieve.  All subsequent layers must be six inches deep, loose measurement and must consist of excavated material if satisfactory.  Each layer must be compacted to a minimum of 90% of maximum dry density in accordance with AASHTO-T99, except that compaction for trenches passing under access roads or paved surfaces must be 95% of maximum dry density.  Trenches must be completely backfilled and tamped level with the adjacent surface.  Trenches must be left clean and neat after backfill.

7. Compaction Methods - Compaction must be performed using the method and equipment suitable for the area as specified.  Mechanical hand tampers must be used only in areas adjacent to footings and slabs or in trenches or other areas where use of rollers is not practical.   Areas requiring compaction must be compacted to a minimum of 95% of the maximum dry density per AASHTO T180 unless otherwise noted.

8. Determination of Density - The Resident Engineer may arrange for maximum density and field density tests to be performed by a certified testing laboratory if he feels compaction requirements are not being met.  Maximum dry density tests will be performed in accordance with AASHTO-T180 and field density tests will be performed in accordance with AASHTO-T191, T204, T205, T233 or T238.  The test results will be expressed as a percent compaction which is defined as the density of the compacted layer expressed as a percentage of the maximum density of the material.  If the tests show compaction less than specified, the Contractor must correct the situation and be responsible for all costs of testing.  Otherwise, the tests will be at Government expense.


[bookmark: _Toc394345390]2.3	Access Roads, Walkways, Site Surfacing, Base Course for Slab on Grade
 
A.  General - The Contractor must provide the necessary materials, labor and equipment for the construction of access road and site surfacing as specified or shown on the Project Drawings.

B.  Materials - The Contractor must furnish materials in accordance with State standards or specifications that meet or exceed the requirements specified for crushed rock.

1.  Geotextile Non-woven Fabric  -  Fabric for roadways and under parking surfacing at the ALSF Substation is to be composed of pure polypropylene that is chemically and biologically inert, will not decompose in soil due to bacterial or fungal action.  In normal use, the filter fabric will not be affected by ultraviolet light, acids, alkalis, oils and most chemical solvents.  Fabric to be non-woven continuous filaments extruded into continuous filaments that remain uncut throughout the entire length of the fabric.  Minimum grade thickness must be 70 mils.  Roll out filter-fabric over prepared surface, use widest widths available, lap joints minimum one foot.  Follow manufacturer's installation recommendations. Minimum fabric properties are as follows:

Grab Strength (ASTM D-4632):		180 lbs

Puncture Resistance (ASTM D-4833)	70 lbs

Burst Strength (ASTM D-3787)		210 lbs

Trapezoid Tear Strength (ASTM D-4533)	50 lbs

Apparent Opening Size (ASTM D-4751)	0.6 mm max.

2.  Asphalt Concrete - Bituminous concrete must consist of aggregate material no larger than _-inch and asphalt cement concrete material mixed mechanically in a plant and conforming to the local county or State Highway Specifications.

3.  Aggregate Base and Surface Course Material for Roads and Site Surfacing (Crushed Aggregate) - The aggregate surface course (_-inch minus) and base course (2 inch minus) must be in accordance with the local county or State Highway Specifications and must consist of both fine and coarse fragments of crushed stone or crushed gravel blended, or if required, with sand, finely crushed stone, crusher screenings or other similar approved materials. The completed mixture of aggregates must be capable of being compacted into a dense and well bonded base. The crushed stone or gravel must consist of hard, durable particles or fragments of stone, free from an excess of flat, elongated, soft or disintegrated pieces, dirt, or other objectionable matter, and must have a percent of wear of not more than 35, at 500 revolutions, as determined by AASHTO T-96. The material's gradation must be as determined by AASHTO T-11 and T-27, and meet the following gradation requirements:

	CRUSHED AGGREGATE GRADATIONS
	PERCENTAGES BY WEIGHT PASSING SQUARE MESH SIEVES
	Sieve Size		2" Minus		3/4" Minus
	2- inch 		90-100%		
	1-1/2-inch				
	1-inch  		55-83%		
	3/4"-inch       	90-100%
	3/8-inch		
	No. 4 Sieve		30-60%  		40-65%
	No. 8 Sieve     				30-50%
	No. 30 Sieve		10-25%		
	No. 200 Sieve		0-8%    		3-9%

4.  Base Course for Slab on Grade - The aggregate base course for slab on grade must consist of two four inch layers of aggregate surfacing (Capillary Break and Top Course) separated by a puncture resistant vapor retarder with a permeance (ASTM E 96) of less than 0.30 perms.  The aggregate must be in accordance with [document], with the exception that the aggregate must be graded as follows:  The lower course (capillary break) must consist of 3/4 to 3/8 inch gravel The upper course (Top Course) must be graded in accordance with [document] Top Course except that not more than 2 percent must pass the No. 200 Sieve.

	CRUSHED AGGREGATE GRADATIONS
	PERCENTAGES BY WEIGHT PASSING SQUARE MESH SIEVES
	Sieve Size	     Capillary Break	     Top Course         		              
	1-inch			100%		
	5/8-inch					100%
	1/4-inch		0%			55-75%
	No. 40  					8-24%
	No. 200 					2%
	% Fracture					75 min.
	Sand Equiv.					40 min.


C.  Preparation of Ground Surface - Areas designated for finish site Surfaces must be compacted to 95 percent of maximum dry density per AASHTO T99.

D.  Surfacing - Surfacing must only be done when the ground surface is dry and unfrozen.  Placement must be made to the line and grade shown on the Project Drawings.

E.  Quality Assurance  -  The Contractor must furnish a certificate that all materials, compositions, densities and mixtures to be used in the construction of access roads and walkways meet local or state requirements.  The Contractor must give the Resident Engineer, at the time of delivery, two copies of the aggregate delivery ticket or asphalt concrete delivery ticket.  Tickets must include the delivery date, time dispatched, name and location of the project, name of Contractor, name of supplier, truck number, quantity and composition of job mix formula.

[bookmark: _Toc394345391]CONCRETE 
[bookmark: _Toc394345392]3.1	Concrete Forms
 
A.  General  -  The Contractor must provide all labor, equipment and materials as required to locate and place concrete forms specified or shown on Project Drawings.  All concrete must be formed.

B.  Material

1. Forms - Forms must be wood, plywood, metal or other approved material. The Contractor may use prefabricated forms. All form materials must be of the grade or type suitable to obtain the kind of finish specified.

2. Form Ties - Form ties must be fixed band type or threaded internal disconnecting type with a working load suitable to prevent deformation of forms.  They must be of a type that allows no metal closer to the surface than 1 Â« inches for steel ties and 1 inch for stainless steel ties.  Twisted wire ties must not be permitted.

3. Form Oil - Form oil must be non-staining and must not cause softening of the concrete or impede the wetting of surfaces to be cured with water or curing compounds.

C.  	Formwork Placement - Formwork must not be placed before inspection, testing or approval of the excavated area and imbedded items by the Resident Engineer.  Forms must result in a final structure that does not exceed +/-1/2 inch variation in any dimension shown on the Project Drawings.  Form joints must be sufficiently tight to prevent leakage of mortar.  Form oils must be placed on forms or form ties and must be removed from reinforcing steel or conduits if accidentally applied to such.

D.  Form Curing - In hot, dry climates, wood forms remaining in place must not be considered adequate curing, but must be loosened so that the concrete surfaces may be cured in accordance with 3-3.6.

E.  	Form Removal  -  Forms must not be removed before three days after the concrete placement operation has been completed, provided 50 degrees F. ambient temperatures have been maintained.  Wood forms may be loosened within 12 to 24 hours after the placement operation if such action will not damage or deform the concrete structure.



[bookmark: _Toc394345393]3.2	Steel Reinforcement
 
A.  General - The Contractor must provide the necessary labor, materials and equipment for the placement of steel reinforcement as specified herein and shown on the Project Drawings.

B.  Applicable Documents - The following specifications and standards of the issues currently in force form a part of this section and are applicable as specified herein.

    1.  American Society for Testing and Materials (ASTM) Publication

ASTM A 615	Deformed Billets Steel Bars for Concrete Reinforcement
ASTM A 185	Welded Steel Wire Fabric for Concrete Reinforcement
	 
2. American Concrete Institute (ACI) Standards

ACI 315	Manual of Engineering and Placing Drawings for Reinforced Concrete Structures
 
C.  Materials

1. Reinforcing Steel - Reinforcing steel must conform to ASTM A 615, grade 60.

2. Tie Wire, Chairs and Spacers  -  All devices necessary to properly space, support and fasten steel reinforcement in place during concrete placement must conform to ACI 315.  Tie wire must be 16 gauge or larger annealed iron wire.

D.  Reinforcement Surfaces - Steel reinforcement must be free of mud, oil or other nonmetallic coatings that may affect bonding quality.  Mill scale or rust remaining after hand brushing with a wire brush is permissible.

E.  Bending - All bends in bars and ties must be cold bent.  No bends must be made in bars or ties partially embedded in concrete unless authorized by the Resident Engineer.

F.  Hooks - Hooks indicated must be 180 degree hooks.  The bend diameter, as measured inside the bar, must be not less than six bar diameters for bars and not less than 1 Â« inches for #3 ties.

G.  Placing Reinforcement  -  Steel reinforcement must be accurately placed at the spacing and in the sizes shown on the Project Drawings and secured against displacement during concrete placement.  Reinforcement must be placed within +1/2 inch of the indicated dimensions.

H.  Mill Certification - The Contractor must furnish a quality assurance from the manufacturer that the steel reinforcement meets specifications.


[bookmark: _Toc394345394]3.3	Concrete
 
A.  General - The Contractor must provide the necessary materials, labor and equipment for the placement of concrete as specified herein and shown on the Project Drawings.  All concrete work must be in accordance with ACI-318. The Contractor must ensure that concrete and aggregate materials contain recommended recycled content levels as set forth in EPAâ€™s Comprehensive Procurement Guidelines (http://www.epa.gov/epawaste/conserve/tools/cpg/products/index.htm).

B.  Applicable Documents - The following specifications and standards of the issues currently in force form a part of this section and are applicable as specified herein.

    1.  American Society for Testing and Materials (ASTM) Specifications

ASTM C 33 - Specifications for Concrete Aggregates
ASTM C 94 - Specifications for Ready-Mixed Concrete
ASTM C 143 - Slump of Portland Cement Concrete
ASTM C 150 - Specification for Portland Cement
ASTM C 231 - Air Content of Freshly Mixed Concrete by the Pressure Method
ASTM C 260 - Specification for Air-Entraining Admixtures for Concrete
ASTM C 494 - Specification for Chemical Admixtures for Concrete

2. 	American Concrete Institute (ACI) Specifications
ACI 211.1-89 Standard Practice for Selecting Proportions for Normal, Heavyweight and Mass Concrete

ACI 308-81 - Standard Practice for Curing Concrete
ACI-318 - Building Code Requirement for Reinforced Concrete
 
C.  Materials

1. Cement - All cement must conform to ASTM C 150, III or Type IIIA.

2. Aggregates - Aggregate must conform to ASTM C 33.  Maximum aggregate size must be 1-inch.

3. Water  -  Water used in mixing and curing operations must be clean and free from oils, acids, organic matter and chemical suspensions that may adversely affect cure times, strength requirements or service life of the concrete.

4. Admixtures - Air entraining admixtures must conform to ASTM C 260. Admixtures used for water-reducing and retarding must conform to ASTM C 494, Type A or Type D unless otherwise specified.

D.  Quality

1.  Slump - The concrete must have a maximum slump of 4 inches in accordance with ASTM C 143 Slump of Portland Cement Concrete.

    2.  Strength - Concrete, must have a 28-day compressive strength of 3,500 psi.

3. Air Content - The concrete must have an air content of 4 to 6 percent.

4. Proportions - Concrete materials must be proportioned in accordance with ACI 211.1 for site mixed concrete and ASTM C 94 for ready mixed concrete.

E.  Mixing and Placing Concrete

1. Site Preparation - Before placement of concrete, all areas to receive concrete must be inspected and approved by the Resident Engineer.  Concrete must not be deposited on muddy or frozen material.  All surfaces to be in contact with the concrete must be wetted.

2. Mixing - All mixers used for ready mix or site mix operations must be cleaned before material recharge.  The area of operation of the mixers must be such as to not endanger existing structures or excavations.  All concrete must be mixed until there is a uniform distribution of materials.  Concrete having attained initial set or having contained water for more than 90 minutes must not be used in the work.

3. Conveying - Concrete must be conveyed from the mixer to the deposit site by equipment that will prevent separation or loss of material and will ensure a nearly continuous flow of material at the deposit site.

4. Depositing - Concrete must be placed so as to prevent displacement of forms or reinforcement.  Placing must be stopped if contamination due to sloughing occurs until the contaminant can be removed.  If reinforcement or forms are displaced, concrete placement must be continued only if the displacement is corrected within specified tolerances.  The placing of concrete must be a continuous operation at each deposit site and must be completed within 1 - hours after the addition of water.  Concrete must be deposited in 12- to 18-inch layers, as level as possible, before consolidation operations.  Under no circumstances must fresh concrete be placed over concrete that is no longer plastic.  Time between placements at each deposit site must not exceed one hour for regular mixes and two hours for retarded mixes.

5. Consolidation - Consolidation of concrete during and after placing must be performed using an internal vibrator with a vibration frequency not less than 150 Hertz.  Each layer must be consolidated so that concrete is thoroughly worked around reinforcement, embedded items and forms.  Vibrators must penetrate about 6 inches into underlying layers to ensure proper union of the layers.  Movement of the vibrator over the layer must be such as to ensure uniform plasticity without pooling of cement.

6. Finish - After the concrete has been placed and consolidated, the surface must be stamped with suitable tools to force coarse aggregate down from the surface, screened with straight edges and floated and troweled to the required finish level.  All concrete surfaces must have a smooth finish, except exposed top surfaces which must have a broom finish.  All exposed edges must be chamfered approximately _ inch.

F.  Curing - Concrete must be maintained above 50 degrees F and less than 120 degrees F and in a moist condition during the cure period.  The cure period must be seven days when Type II or Type IIA Portland cement is used and three days when Type III or Type IIIA Portland cement is used.  Contractor must ensure the maintenance of a satisfactory moisture content and temperature so that desired properties may develop.  The two systems of maintaining a satisfactory moisture content are:  (1) the continuous or frequent application of water through ponding, sprays, steam or saturated cover materials such as burlap or cotton mats, rugs, earth, sand, sawdust, and straw or hay, and (2) the prevention of excessive loss of water from the concrete by means of materials such as sheets of reinforced paper or plastic, or by the application of a membrane-forming curing compound to the freshly placed concrete.   If air temperatures are expected to exceed 75 degrees F, water curing must be continuous and forms must be loosened as soon as the concrete has set sufficiently to prevent damage.  In conditions where air temperature may be expected to fall below 40 degrees F, equipment and covering to maintain a 50 degree concrete temperature must be provided.  Salt or other chemicals to prevent freezing must not be permitted.

G.  Anchor Bolts   - Anchor bolts where required must be installed in the concrete prior to the concrete setting.  Anchor bolts must be set level and plumb, and within a tolerance necessary for their proper alignment and to the structure they support.  All anchor bolts not specifically shown as GFP on the drawings must be furnished by the Contractor.

H.  Quality Assurance

1. Submittal - Before placing any concrete, the Contractor must submit the testing laboratory report of the supplier's concrete mix design to the Contracting Officer for approval.

2. Concrete Certification - The Contractor must provide the Resident Engineer a delivery ticket for ready mix concrete from the concrete supplier at the time of each delivery that certifies compliance with material and quality requirements specified.  The tickets must indicate the delivery date, time dispatched, name and location of project, name of Contractor, name of concrete producer, truck number, quantity, air content, admixtures and design strength of the concrete delivered.

3. Testing - Testing concrete for slump, air and strength must be arranged by the Contractor at no additional cost.  The concrete testing lab must be certified and must be approved by the Resident Engineer.  If these tests show concrete strength less than specified, the Contractor must correct the situation and be responsible for all further testing costs.  Air content and slump tests must be performed on the middle third of the first truck each day and subsequently every 54 yards, sufficient cylinders to perform one seven day and two 28 day compression tests must be cast from the middle third of the first truck each day and subsequently every 27 yards.

I.  Repair or Replacement - The Contractor must restore concrete damaged by work under this contract to its original condition as directed by the Resident Engineer.  The Resident Engineer must reject any fresh concrete not meeting slump or air entrainment requirements. Any concrete not meeting strength requirements must be removed and replaced by the Contractor.  Any repair or replacement costs must be paid by the Contractor.

[bookmark: _Toc394345395]FINISHES

[bookmark: _Toc394345396]4.1	Epoxy Floor Coating 

A.  General - This section covers epoxy floor coatings.  Provide epoxy floor coatings for the ALSF building.

B.  Submittals - Submit product data from manufacturers for epoxy floor coating products including certification by epoxy floor coating manufacturer that coating required for coating installation comply with local regulations controlling use of volatile organic compounds.  Submit samples for verification purposes of type and color of epoxy floor coating required.  Install coating samples on 6" x 6" material matching the concrete exposed surfaces to be coated.  Submit certificates from manufacturers of joint sealants attesting that their products comply with specification requirements and are suitable for the use indicated.

C. 	Products

The Contractor must provide floor coatings that are less-toxic or non-toxic, contain low or no volatile organic compounds (VOCs), and are Green Seal certified (http://www.greenseal.org).

    1.  Manufacturers
a.  	Available Manufacturers - Subject to compliance with requirements, manufacturers offering products that may be incorporated in the Work include, but are not limited to Thoro System Products, for Thoroseal, and Master Builders Technologies, for Embegard GP.

     2.  Special Coating Materials
         a. 	Material Compatibility - Provide materials that are compatible with the substrates indicated under conditions of service and application as demonstrated by the manufacturer based on testing and field experience.

     3.	Special Coating Materials
a.	Material Compatibility - Provide materials that are compatible with the substrates indicated under conditions of service and application as demonstrated by the manufacturer based on testing and field experience.

D.  Execution

 1. 	Examination - Examine substrates and conditions under which cementitious coatings will be applied for compliance with manufacturers' requirements for cementitious coating system application.  Do not proceed with coating application until unsatisfactory conditions have been corrected.  Start of application will be construed as the Contractor's acceptance of surfaces within that particular area.

    2.  	Preparation - Before applying coatings or other surface treatments, clean the substrates of substances that could impair bond of the cementitious coating.  Schedule cleaning and coating application so dust and other contaminates from the cleaning process will not fall on wet, newly coated surfaces.  Clean and prepare surfaces to be coated according to the manufacturer's instructions for particular substrate condition and as specified.  Use abrasive blast-cleaning methods if recommended by the coating system manufacturer.  Carefully mix and prepare materials according to the coating manufacturer's directions.  Maintain containers used in mixing and application of coatings according to the manufacturer's directions.  Stir materials before applying to produce a mixture of uniform density; stir as required during application.

3.  Application - Apply coatings by brush or trowel method according to the manufacturer's directions.  Use brushes best suited for the material being applied as recommended by the manufacturer for the material coverage and texture required.  Do not apply coatings over conditions detrimental to forming a durable coating film.  Apply two 10 mill coats of epoxy floor coatings.  Provide total dry film thickness of the entire system as recommended by the manufacturer.  To completely fill and seal mortar joints, pores and voids in interior surface of exterior CMU was from finish floor to top of parapet and top of wall.  Protect work of other trades, whether being coated or not, against damage from coating operation.  Correct damage by cleaning, repairing, replacing, and recoating, as acceptable to the Resident Engineer.  Leave in an undamaged condition.

[bookmark: _Toc394345397]4.2	Rubber Matting
 
A.  General - The contractor must supply all materials, labor, and equipment necessary to install rubber matting in the regulator substation shelter,

B.  Applicable Documents - The latest editions in effect of the following documents form a part of this section and are applicable to the extent specified herein.
1. Federal Specifications
a. ZZ-M-81	Matting, Rubber and Plastic (Special Dielectric)

2. American Society for Testing and Materials (ASTM) Standards
a. ASTM D 178 Rubber Matting for uses around Electrical Apparatus

3. Materials-- - Rubber matting provided must meet the requirements of ASTM D 178, ZZ-M-81, and meet recommended recycled content levels as set forth in EPAâ€™s Comprehensive Procurement Guidelines http://www.epa.gov/epawaste/conserve/tools/cpg/products/index.htm).

4. Installation
a. 	Surface Preparation-- - Surfaces to receive rubber matting must be cleaned free of dust and foreign matter; surfaces must be dry.

b. 	Matting - The Contractor must cut matting to the lengths required and install matting in the configuration shown on the applicable drawings.

[bookmark: _Toc394345398]4.3	Painting
 
A.  General - The contractor must provide all materials, labor, and equipment necessary to apply paint to all surfaces and area which require field painting.

B.  Applicable Documents

1. Federal Specifications

TT-P-102	Class A Paint:  Ready-Mixed, White
TT-P-645	Primer, Paint, Zinc-Chromate, Alkyd Type

    2.  Federal Standard
Federal Standard 595	Colors
 
C.  Materials

The Contractor must provide paints and primers that are less-toxic or non-toxic, contain low or no volatile organic compounds (VOCs), and are Green Seal certified (http://www.greenseal.org)

    1.  Paint
        a. Off-White - Color #17875 of Federal Standard 595 conforming to TT-P-102.

    2.  Primer
        a. Ungalvanized Primer - Ungalvanized primer must conform to TT-P-645.

    3.  Paint - Plaster and Gypsum.
        a. Paint Finish - Semi-gloss:

Preparation:	Texture mixed with water and rolled on to match approved sample.
First Coat:	Latex Wall Primer.
Second Coat:	Alkyd Semi-Gloss.

D.  Weather Limitations - Paint must not be applied in temperatures under 45 degrees F or above 95 degrees F or in windy or dusty conditions.  Paint must not be applied when precipitation is expected before the paint applied may adequately dry.

E.  Surface Preparation
1.  Surfaces - All surfaces must be thoroughly cleaned of rust, corrosion, grease, oil, and other undesirable coatings prior to painting, using solvents or mechanical methods suitable for the purpose.  Metal surfaces to be cold galvanized must be so treated before painting.  Surfaces not to be painted must be covered, masked or taped prior to paint or prime operations.

F.  Application. Paint must be thoroughly mixed immediately before use and at frequent intervals during application.  Paint must be applied by brush in uniform layers. All coats of paint must be free from skips, sags, wrinkles, drips, smears or dirt.  Except where otherwise specified or approved, apply finishes by the following methods:
	Wall - Brush or roller.
	Ceilings - Brush or roller.

1.  Coats - One primer coat and two finish coats must be required on all metal surfaces.  Sufficient drying time between primer and final coats must be allowed.  The primer coat must be in accordance with TT-P-102 or as directed by the Resident Engineer.

G.  Equipment Touchup - Equipment which is supplied already painted must be repainted only if marred.  Damaged paint must be removed to bare surfaces prior to coating the surface with primer and two finish coats.  Paint must match the original color as closely as possible.

H.  Repair and Protection - All paint surfaces not meeting the requirements above must be removed and replaced by the contractor at no cost to the government.  Finished work must be protected from damage prior to final inspection.

[bookmark: _Toc394345399]SPECIAL REQUIREMENTS 
[bookmark: _Toc394345400]5.1	Contractor's Responsibility for Government Furnished Products (GFP)
 
General - When materials furnished by the Government are turned over to the Contractor, it must be the Contractor's responsibility to check the materials, to see that they are in good condition and that the quantities are sufficient to accomplish the installation required. The contractor must take possession of all GFP that is available at [location] within two weeks of the Notice to Proceed. All GFP received after the two week period must be unloaded by the contractor. Should the Contractor find that the quantities of the items listed as being furnished by the Government are not sufficient, he must immediately notify the Resident Engineer in writing so that additional quantities may be obtained without delaying the completion of the installation.  After the Contractor has accepted the materials from the Government, all materials lost or damaged will be replaced or paid for by the Contractor.  The Contractor will be responsible for providing suitable storage space for all Government furnished material required to complete the installation. Indoor storage space must be provided by the Contractor, for all equipment or materials which may be damaged if exposed to the elements; out-of-door space will be acceptable for other items which will not be damaged if stored outside.  It must be the Contractor's responsibility to account for all material furnished to him by the Government.  The Contractor's final report to the Resident Engineer must include a list of all Government equipment incorporated in the job and all Government equipment remaining after completion of the work. The total must be the total of the materials received by the Contractor from the Government. Materials and equipment furnished by the Government in excess of that required to complete the installation must be returned to the Resident Engineer upon completion of the installation.

[bookmark: _Toc394345401]5.2	Installation of Dual Mode ALSF/SSALR Control Equipment 
A.  General - This section covers the installation of the ALSF control equipment consisting of a high voltage input cabinet, high voltage output cabinet, three constant current regulators, and a control and monitors sub-system.  The Contractor must supply all labor, materials and equipment necessary for the installation.  All electrical work must conform to the requirements of Section 7.0.

B.  Applicable Documents

1.  Instruction Books - Two instruction books are provided with the ALSF system.  These books are to remain with the equipment, and must be protected against damage.  Attachment D of these Specifications is a copy of the "Installation" Sections of these books.  Where these instruction books refer to drawings or specifications not in the project documents, refer to the applicable drawings and specification divisions. in these project documents.  (Copies of FAA Specifications and drawings may be obtained from the Contracting Officer in the FAA office issuing the invitation for bids or request for proposals.)

C.  Materials
 1.	Contractor Furnished Material - All additional materiel requirements must be supplied by the Contractor.

2.  Installation - The Contractor must provide the manpower and materials necessary to perform the following installations, including all interconnecting wiring/cabling required.

    3.  High Voltage Cabinets
a. 	High Voltage Input Cabinet - The Contractor must install the high voltage input cabinet in accordance with the applicable drawings and instruction book.  A high voltage sign must be attached to the outside of the cabinet.
b. 	High Voltage Output Cabinet - The Contractor must install the high voltage output cabinet in accordance with applicable drawings and instruction book. A high voltage sign must be attached to the outside of the cabinet.
c. 	Constant Current Regulators - The Contractor must install the three constant current regulators in accordance with the applicable drawings and instruction book.

    4.  Control and Monitor Subsystem
a. 	Substation Control and Monitor Assembly - The Contractor must install the substation control and monitor assembly in accordance with applicable drawings and instruction book.  As indicated on the drawings, a 12-pair #19, twisted shielded pair telephone cable must be run from the substation control and monitor assembly to the FAA glide slope shelter.  Terminations at the glide slope shelter and installation in the air traffic control tower for connection to the remote electronic chassis will be by FAA technicians.

D.  Quality Assurance - The contractor must verify, with the assistance of the FAA technician, that the equipment is properly installed and wired, and must inform the Resident Engineer that the system is ready for operational testing by the manufacturer's technician.  The Contractor must assist in equipment tune-up and equipment testing using his own test equipment.  The Contractor must demonstrate operation of the ALSF locally using the substation control and remotely using the FAA remote control as part of the operational test required.  If the system malfunctions, the Contractor must verify his installation.  If the system still does not operate, the Resident Engineer must arrange for the manufacturer's technician to verify the operation of electronic components and make any adjustments necessary to place the system in operation.  Also see Section 5.3.D.5.


[bookmark: _Toc394345402]5.3	Installation of ALSF Lights and Equipment
 
A.  General - This section specifies the procedures and methods by which the Contractor must install the high intensity approach lighting system with sequenced flashers (ALSF) equipment.

1.  Code Compliance - The work must comply with the requirements of NFPA-70 (National Electric Code), latest adopted version. 

2.  Verification of Dimensions - The Contractor must verify dimensions in the field, and must advise the Resident Engineer of any discrepancy before performing the work.

B.  Execution

1. General - The Contractor must follow the specified procedures in installing the ALSF light bars and sequenced flashers.  The Contractor must provide all materials not specifically listed in the contract as provided as GFP.  Review manufacturer's literature furnished with all GFP and install accordingly.

2. Installation Tolerances - Installation of ALSF lights must be at the locations specified on the applicable drawings and within the following tolerances:

a. Longitudinal displacement (along the runway centerline) +6 inches. 
b. Lateral displacement (perpendicular to the runway centerline) +3 inches. 
c. Distance between individual lights of a light bar +1 inch. 
d. Mounting height (individual frangible lights) 6 feet or less) +1 inch. 
e. Mounting height: Centerline of lights up to 20 feet +2 inches. 
f. All lights in a bar must be installed within +1 inch of a line perpendicular to the runway centerline. 
g. All light unit vertical angular alignments will be within specified alignments +1 degree.  Horizontal alignments must be within + 5 degrees of parallel to the runway centerline. 

 3.  Mountings
a. Frangible Couplings - To prevent breaking the frangible coupling during installation, a wrench must be used to grip the lower hexagonal head of the coupling.  Plumber's joint compound or silicon grease must be applied to the threads of frangible couplings.  The frangible coupling must be screwed down tightly into the conduit coupling to lock it into place. The connector joint in the frangible coupling must not be taped.  Sufficient slack must be allowed in upper cable assembly at the point of entering the lampholder to permit removal of the lamp holder or connector in the frangible coupling without disturbing connections to the lamp holder.  The cable squeeze connector, when provided on the lamp holder, must be tightened securely. 
b. Lamping Procedures  -  Prior to securing the PAR-56 lamps into the sockets, a thin coating of insulating compound, equal to Dow-Corning Number 4, must be applied to the terminals of the lamp to prevent seizing.
c. Plumbness Tolerance for EMT Frangible Light Masts - EMT frangible light masts must be installed to a plumbness tolerance of 1/16-inch per foot of mast height.  This requirement is in addition to all other placement tolerances.  If the mast foundation is concrete, the plumbness tolerance must be met by proper placement of the concrete-embedded section of base can, not by bending the mast.

4.  Installation of Low Impact Resistance (LIR) Structures
a. 	General - The Contractor must provide the labor, material, and equipment required to assemble, lift, install, and align the LIR structures as shown on the FAA drawings.
b. 	Installation - The Contractor must assemble and install the LIR structures with mounting stand and frame as shown in the FAA drawings pertaining to the structure.  LIR structures must be installed on footings as shown on the drawings.  The plan and profile drawings show the final mounting heights of the individual light bars for the site.  The entire installation of the LIR structures must be aligned on a plumb line with the lifting frame to facilitate smooth lifting and lowering of LIR mast.  For the assembly of LIR structures, see FAA Drawing D-6155-21 and the LIR instruction book TI 6850.48.  The Contractor must assemble and install all members and hardware to the LIR mast and provide proper alignment of all parts as shown in the LIR instruction book.  Alignment tolerances of the lights on top of these structures must be in accordance with the requirements of Division 5.3.B.2.  Foundations must be as indicated on the drawings.
a. Electrical Wiring - The contractor must connect all wiring of the components of the LIR structures in accordance with Section 7 and the LIR instruction book.  The contractor must ground all LIR structures.
b. Aiming and Alignment of Light Beams  -  The Contractor must aim and adjust flasher and PAR-56 lamp assemblies in accordance with the recommended procedures provided with the aiming device(s).  The optical axis must be adjusted so that it is parallel to the runway centerline, +5 degrees, directed outward from the runway threshold.  Vertical aiming with the aiming device must be within +1.0 degree of the vertical angle indicated on the site drawings.  All lights in a bar must be aimed at the same vertical angle.
c. Identification and Caution Signs - The Contractor must furnish and install all signs required by this contract.
1.  Station and Vertical Angle Identification Strips - One set of station and vertical angle identification strips must be located at each light station.  The strips must be _ x 6-1/2-inch aluminum strips with embossed block letters and numerals indicating the station (Example: STA 8+00) and vertical aiming angle (Example: 6.0 degrees).  The strips must be fastened to the center lampholder of each station with #14 aluminum wire.

    5.  ALSF Operational Test
a. General - The Contractor must provide the necessary labor, materials, and equipment to perform an operational test of the complete ALSF installation. All mechanical testing, installation checkout, data collection and operational testing must be witnessed by the Resident Engineer.
b. Mechanical Test - The Contractor must demonstrate to the satisfaction of the Resident Engineer the smooth operation of the mechanical system of the installed LIR structure, as shown in the LIR instruction book.  A minimum of two satisfactory demonstrations must be performed.  In the event that the mechanisms do not perform satisfactorily, the test must be stopped.  No excessive force must be used to operate or correct the system.  The test must be repeated anew after proper adjustment.
c. Installation Checkout and Pre-energizing Procedure - The Contractor must be responsible to inform the Resident Engineer and the ALSF manufacturer's technical representative that the system is ready to be energized.  The Contractor must perform the installation checkout and pre-energizing procedure, per the equipment instruction books.  See [document].
d. Energizing the System - The Contractor must energize the system and perform the installation checkout and data collection per the equipment instruction books.  See [document]. The Contractor will be assisted by designated FAA representatives and the ALS manufacturer's technical representative.  The Contractor must take and record voltage measurements per the manufacturer's instruction books to verify that the system is properly energized.  If the system malfunctions, it must be deactivated and the Contractor must verify his installation and correct any deficiencies.  Any failures of system components caused by incorrect installation by the Contractor will be the responsibility of the Contractor.
e. Operational Test - After the system is properly energized, the ALSF manufacturer’s technical representative will verify the system is functioning correctly and will assist the Contractor in performing the operational testing.  See [document].  Any deficiencies discovered during this testing must be repaired.  Failed lamps and shorting devices must be replaced.  Any failures of system components caused by incorrect installation by the Contractor must be the responsibility of the Contractor.  The Contractor must provide electricians as required to complete all required installation and operational testing.

[bookmark: _Toc394345403]5.4	LIR Tower Maintenance Stand 
A.  Products

1. Conduit - Conduit and fittings associated with maintenance stand posts must be sunlight resistant, and of the types indicated on the applicable drawings, 2" Schedule 80 PVC.  Cross bars must be fabricated from pressure treated 2x lumber and connected to vertical posts with stainless steel hardware.  Rigid non-metallic conduit must conform to UL 651 or NEMA TC6.

B.  Execution

1. Setting Posts - Post holes must be deep enough and wide enough to permit freely lowering the post.  Where rock is encountered, it must be removed to a 2-foot depth or the hole must be relocated as directed by the Resident Engineer. Posts must be plumb and aligned before backfilling.  Backfill must be placed in layers not greater than 8 inches and tamped to the approximate density of the surrounding area. Posts must not be machine-driven in lieu of being set in dug holes.


[bookmark: _Toc394345404]MECHANICAL 

[bookmark: _Toc394345405]6.1	Heating, Ventilating and Air Conditioning
 
A. Work Included - The air conditioning units, heaters, exhaust fan and louvers are provided with the ALSF building.  The contractor must furnish and install thermostatic controls for the HVAC and connect power and control to units provided with the building as described herein and indicated on the drawings.

B. Applicable Documents - Current issues of the following documents in effect on the date of the invitation for bid.

1. American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE), Handbooks.
2. Air Movement and Control Association (AMCA), Standards.

C. Materials
    1.  Thermostat

a. T1 - Must be a single stage heating and cooling, 24V digital thermostat.  Temperature range must be 40Ã¸ to 90Ã¸F with a changeover differential of 2.5Ã¸.  Thermostat must incorporate compressor short cycle protection.  T1 must control A/C unit and wall mounted heater via appropriate contactors.  White/Rogers model 1F90-71 or equal.
b. T2 - Must be a single stage cooling, 120 VAC, light duty, line voltage thermostat.  Temperature range must be 35 to 95Ã¸F.  T2 must provide control for the second stage cooling only.  Typical product: Honeywell #T651A2028, or approved equal.

D.  Sequence of Operation
1.  Sequence of Operation with A/C Unit - Cooling is two staged.  First stage cooling, the air conditioner unit, is energized when room temperature rises to 85Ã¸F.  Second stage cooling (over temp.), the exhaust fan energized and intake and exhaust dampers drive fully open when the room temperature rises to 95Ã¸F.  Dampers are fully closed when in de-energized position.  When room temperature declines to 55Ã¸F, a call for heating turns on the 3.0 kW heaters.

		Unoccupied set points:  85Ã¸F cooling, 55Ã¸F heating.
2.  Sequence of Operation Without A/C Unit - Single stage cooling, when room temperature rises to 85Ã¸ there is a call for cooling, the fan energized and intake and exhaust dampers drive fully open.  Dampers are fully closed when in de-energized position.  When room temperature declines to 55Ã¸F, a call for heating turns on the 3.0 kW heater.

		Unoccupied set points:  85Ã¸F cooling, 55Ã¸F heating.

E.  Quality Assurance
    1.  Submittals
a. 	Product Data - Submit automatic temperature control catalog data.  Manufacturer's catalog data must completely describe each component and device incorporated into the equipment including control transformers, thermostat and relays.  Catalog data must be marked with red or other contrasting color by arrow, circling, underlining or equivalent to clearly identify each item and model. 
b.  Shop Drawings - Shop drawings must include: control wiring diagram which shows complete interlock of wiring for input/output control devices including relay holding coils, contactors, thermostats, transformers and switches to point of connection to factory installed wiring integral to air condition system equipment; control device schedule which identifies and completely describes function and operation of each control device; packaged air conditioner component schedule and spare parts list which identifies and completely describes function of each component; control equipment installation drawings including wiring diagrams.
c.	Test Plan - Submit a test plan covering the system tests proposed for start-up and commissioning of the automatic temperature control systems.


[bookmark: _Toc394345406]6.2	Engine Generator Installation 
A. 	Work Included - This specification includes the installation of all mechanical items required for the proper operation of a government furnished engine generator (E/G) set including all accessories and contractor-furnished items.  The mechanical work includes transporting the E/G set from storage, setting of the E/G van, attaching weather hoods, installing the outside fuel tank and fuel, piping, and all related items.
    Electrical items related to the engine generator installation, including load bank, load bank controller, batteries, and E/G controls, are covered in Section 7.0.

B.  Applicable Documents - The current issues of the following documents in effect on the date of invitation for bids form a part of this specification.  In the event of conflict between this specification and other specifications and standards referenced herein, this specification must govern.

    1.  Federal Specifications

TT-E-489	Enamel, Alkyd Glass (for exterior and interior surfaces)
TT-P-636	Primer Coating, Alkyd, Wood and Ferrous Metal
WW-P-406	Pipe, Steel (seamless and welded) (for ordinary use)
WW-P-521	Pipe Fittings, Flange Fittings, and Flanges, Ferrous and Steel, (Screwed and Butt-Welded) 150 pounds

    2.  National Fire Protection Association (NFPA) Publications

70	National Electrical Code
30, 58	National Fire Code

C.  Requirements
1. General - All items and materials must be contractor furnished except for those indicated on the contract drawings and/or herein referred to as government-furnished material.  The contractor must furnish all materials, labor, equipment and transportation necessary to satisfy the requirements specified in this division and/or indicated on the drawings.

2. Care and Handling - The contractor must provide protection for the engine generator and associated equipment from weather, dust, and physical damage.  He must also be liable for all damage while transporting or handling the engine generator and associated equipment to the building while installing same until final inspection and acceptance.

3. Materials and Workmanship
a. General - The rules, regulations and reference specifications enumerated herein must be considered as minimum requirements.  They must not relieve the contractor from furnishing and installing higher grades of material and workmanship than are specified herein or when so required by the drawings.
b. Materials - Where the drawings indicate, (diagrammatic or otherwise) the work intended and the functions to be performed (even though some minor details are not shown) the contractor must furnish all equipment and materials other than government furnished items.  The contractor must be responsible for taking the necessary actions to insure that all equipment, material, and installation work are coordinated with, and are compatible with the architectural, electrical, mechanical, and structural plans.  All materials and equipment to be acceptable, must comply with all contract requirements.  Materials furnished by the contractor under this specification must be new and the standard product of the manufacturer's latest designs that comply with the specification requirements.  Wherever standards have been established by Underwriter's Laboratories, Inc., the materials must bear the UL label. Departures from exact dimensions shown in the drawings are permitted where required to avoid conflict or unnecessary difficulty in placement of the dimensioned item, provided all other contract and proposal requirements are met, however, the contractor must promptly notify the Resident Engineer of any such departure.
c. Workmanship - All installation work must be done by competent and experienced mechanics regularly engaged in this type of work in conformance with established standards.  When required by local Government, the workman must have a current license to engage in this type of work.

D.  Installation
    1.  Mounting - The engine generator van must be bolted directly to the concrete.  In the event the skids are not uniformly supported, shim as approved by Contracting Officer to insure proper support.

    2.  Engine Cooling System - In order to prevent damage to the engine immersion heater, the contractor must fill the cooling system before the set is connected to commercial power.  Add a sufficient amount of ethylene glycol type antifreeze to protect the engine from freezing down to -30 degrees F. and an approved rust inhibitor to the cooling water.

    3.  Engine Lubricating Oil - Drain the existing oil and fill engine with SAE 30 weight.

E.  Engine Generator - The engine generator electrical is covered in Section 7.0, Section 7.4

F.  Engine Start-up and Testing - Contractor must not attempt to start the engine generator.  Installation checkout and start-up will be by manufacturer's representative.  Reference Section 7.4, Section 7.4.C.3.a


[bookmark: _Toc394345407]6.3	Above Ground Storage Tank
 
A.  General Requirements
1. The contractor must furnish all materials, labor, equipment and transportation necessary to satisfy the requirements as specified and/or indicated on the drawings.  

2. Scope - This specification covers the requirements for the installation of aboveground concrete vaulted fuel tank and all connecting fuel piping, equipment, and fittings.  Permits and/or Certification is required for installation of the new fuel storage tank and must be furnished by the Contractor prior to initiating the work.

B.  Quality Assurance
1. Where the drawings indicate (diagrammatic or otherwise) the work intended and the functions to be performed (even though some minor details are not shown), the Contractor must furnish all equipment and materials.  The Contractor must be responsible for taking the necessary actions to ensure that all equipment, material, and installation work are coordinated and compatible with plans.  All materials and equipment to be acceptable, must comply with all contract requirements.

2. Material furnished by the Contractor under this specification must be new and the standard product of the manufacturer's latest designs that comply with the specification requirements.  Wherever standards have been established by Underwriters Laboratories, Inc., the materials must bear the UL label.  Departures from exact dimensions shown in the drawings are permitted where required to avoid conflict or unnecessary difficulty in placement of the dimensioned item, provided all other contract and proposal requirements are met; however, the Contractor must promptly notify the Resident Engineer of any such departure.

C.  Materials
1. Fuel Storage Tank - The 1,000 gallon fuel tank, complete with factory installed fuel filters, check valves, fuel level monitor and overfill audible alarm are GFP from the same supplier.

2. PVC Pipe and Fittings - The Contractor must provide and install 6 inch diameter, PVC pipe and fittings per installation drawings.  The PVC pipe, elbows and fittings are used to provide protection and support to the 4 inch secondary corrugated fuel containment pipe.  The PVC flange will support the PVC pipe to the building, tank hood and corrugated containment pipe.

3. Primary and Secondary Piping Fuel Lines - The Contractor must furnish and install a UL and EPA approved non-metallic piping.  The piping system must consist of flexible primary pipe contained within a secondary corrugated outer containment pipe.  The piping must be continuous, whereby there must be no fittings or pipe connections for either the primary or secondary containment pipe which are not visible or accessible from the aboveground surface.  All lines must terminate with compatible fittings designated for petroleum use. Primary and secondary containment pipe must be Environflex or an approved equal.

    4.  Ball Valve - Contractor must provide and install two (2) Jomar (model T-100) ball valves, or approved equal, as shown and noted on the contract drawings.

    5.  Fuel Supply - 1,000 Gallons of No. 1 diesel fuel of not less than 40 octane rating must be supplied by the Contractor for the engine generator before it is accepted by the FAA.

D.  Execution
1. Installation
a. Above Ground Fuel Storage Tank - The Contractor must install a GFP 1,000 gallon above ground storage tank (AST) on a concrete pad per drawings, specifications and attachments.  Contractor must identify type of fuel to be stored in tank by painting the exterior drop tube lid a yellow back-ground with a black letter.  The letter used will be a "D" for diesel fuel.
b. Monitoring System - The electronic liquid level monitoring the overfill audible alarm and the tank fuel level and leak detector probes will be GFP and installed by the Contractor.  The wiring, conduits and other related accessories will be furnished and installed by the Contractor per site specific drawings, attachments and specification. The electrical conduit system must consist of galvanized rigid steel conduit (GRS) for outdoor/indoor locations, electrical metallic tubing (EMT) for dry interior locations, flexible steel conduit (FSC) may be used for terminal connection to equipment in lengths only up to 6 feet and in dry indoor locations.
c. Dissimilar Metal - If dissimilar metal pipe, fitting, etc., are used during the AST installation, a dielectric coupling will be required to isolate possible galvanic action between the dissimilar metals.
d. Grounding - The above ground storage tank (AST) must be grounded with #2 bare copper (B.C.) by the Contractor.  The electrical conduit and enclosures must be grounded at the AST and in the building terminations.  All underground grounding must be exothermically welded to the #4/0 counterpoise ground conductor.  Indoor electrical conduit terminations must be grounded to the electrical panel.

2. Fuel Lines - The Contractor must connect the supply and return lines to the engine fuel lines and day tank.  

3. Pressure and Leak Testing - Before pipe testing, both the storage tank and associated system must be isolated from piping.  Piping and connections must be tested under 50 psi and held for one half hour using soap solution on all joints.  Piping must be capped at both the tank connection and connection to associated system to facilitate testing.  A pressure gauge marked in one pound increments to take readings must be used.  Should initial or final test reveal leakage in piping, the Contractor must correct deficiencies at no additional cost to the Government.  The Contractor must retest the system until installation is leak free.

4. Fuel Tank Cleaning - Prior to filling the fuel tank and day tank, the Contractor must inspect both tanks for contaminants and flush both tanks as required to remove any contaminants discovered.

E.  Spill Prevention Control and Countermeasure Plan (SPCC) 
    1.  References
a. 40 CFR Part 112 - Code of Federal Regulations "Oil Pollution Prevention - Non Transportation Related On-shore and Off-shore Facilities."
b. American Petroleum Institute Bulletin D16 - "Suggested Procedure for Development of Spill Prevention Control and Countermeasure Plans."

2.  Scope - The contractor must engage the services of a Registered Professional Engineer licensed to practice in [location].  The SPCC must comply with the guidelines for preparation as given in Section 112.7 of 40 CFR Part 112.  The engineer must be familiar with the provisions of 40 CFR Part 112 and must have examined the facility to attest that the plan has been prepared in accordance with good engineering practices.  As a minimum, the SPCC must consist of three parts as outlined in 40 CFR Part 112:

		1.  Part I, General Information
		2.  Part II, Design and Operating Information
		3.  Appendix - Supplemental Information

Note:  For the general information that will be contained in the SPCC the engineer will need to contact the FAA Environmental Protection Specialist (SECM) and the Maintenance Personnel responsible for the facility.  The FAA SECM is [Name], (XXX) XXX-XXXX.  The Maintenance Personnel will be identified at the preconstruction meeting.  A sample outline of a SPCC should be provided as an attachment.

3. SPCC Review - The SPCC must be submitted for approval by the FAA.  The SPCC will be returned to the contractor after the FAA review.  All corrections called out by the FAA must be made and the SPCC resubmitted.

[bookmark: _Toc394345408]ELECTRICAL 
[bookmark: _Toc394345409]7.1	Electrical Installations 

A. General-This section covers grounding, electrical power and control cable and conduit installation, cable markers and other electrical work.
1. Rules-The installation must conform to this specification and to the applicable rules of the National Electrical Code or local city, county or state code, whichever requires the highest quality of material and workmanship.  The rules, regulations and reference specifications referenced herein must be considered minimum requirements and must not relieve the Contractor from furnishing and installing higher grades of materials and workmanship as are specified herein or on the Project Drawings.  This specification must govern when conflicts occur between reference documents and this specification.  The Contractor must fully comply with the local codes and the rules and regulations of the local utility company that provides service.  The Contractor is required to arrange for and successfully complete an electrical inspection of the electrical service by the state, county, or municipal electrical inspector.
2. Workmanship-All materials and equipment must be installed in accordance with the Project Drawings and the recommendations of the manufacturer as approved by the Contracting Officer.  The installation must be accomplished by skilled electricians regularly engaged in this type of work.  Where required by state and local regulations, the electricians must be properly licensed.
3. Materials, General-The Contractor must furnish all materials not specifically shown on the list of Government-Furnished Property (GFP), as shown on [document].  Materials and equipment must comply with all contract requirements.  Materials to be furnished by the Contractor under this specification must be new, the standard products of manufacturers regularly engaged in the production of such materials and of the manufacturer's latest designs that comply with the specification requirements.  All materials for installation in wet locations must be listed and labeled by the Underwriters Laboratory (UL) as suitable for wet locations.  All other materials provided by the Contractor must bear the label of UL if the materials are normally evaluated and labeled by UL.  
4. Submittals-Within 10 calendar days after contract award and before installing any materials or equipment, the Contractor must submit two copies of the complete list of materials and equipment to the contracting officer for approval.  This list must include manufacturer's style or catalog number for all materials furnished by the Contractor.  Catalog cuts must also be furnished with the list of materials and equipment.  Approval of materials will be based on manufacturer's published data.  Approval of materials and equipment will be tentative, subject to submission of complete shop drawings showing compliance with the contract documents.
5. Minor Departures-Minor departures from exact dimensions shown in electrical plans may be permitted where required to avoid conflict or unnecessary difficulty in placement of a dimensioned item, provided all contract requirements are met.  The Contractor must promptly obtain approval from the Resident Engineer before undertaking any such proposed departure.
B. 	Applicable Documents-The following specifications and standards of the issues currently in force form a part of this section and are applicable as specified herein.
    1.  Federal Specifications
FAA-C-1391b - Installation and Splicing of Underground Cables
FAA-E-2072b - Cable, Telephone, Exterior
W-C-375B - Circuit Breakers, Molded Case, Branch Circuit and Service
W-C-586D - Conduit Outlet Boxes, Bodies and Entrance Caps, Electrical: Cast Metal 
W-F-408E - Fittings For Conduit, Metal, Rigid (Thick Wall and Thin Wall (EMT) Type).
W-J-800F - Junction Box; Extension, Junction Box: Cover, Junction Box (Steel, Cadmium or Zinc-Coated)
WW-C-566C - Conduit, Metal, Flexible
WW-C-581 - Galvanized Steel Conduit
QQ-W-343F - Wire, Electrical,(Uninsulated)

2.  National Fire Protection Association (NFPA) Publications
No. 70 National Electrical Code
3.  Insulated Cable Engineers Association (ICEA) Publications
S-19-81 - Rubber-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy
S-66-524 - Cross-Linked Thermosetting-Polyethylene-Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy
S-68-516 - Ethylene-Propylene-Rubber-Insulated Wire and Cable for Transmission and Distribution of Electrical Energy

4.  National Electrical Manufacturer's Association (NEMA) Publications
TC2 - Electric Plastic Tubing (EPT), Conduit (EPC-40 and EPC-80) and Fittings
TC6 - PVC and ABS Plastic Utilities Duct for Underground Installation
WC 5 - Thermoplastic Insulated Wire and cable for the transmission and distribution of electrical energy. 
WD 1 - General Purpose Wiring Devices

    5.  Underwriters' Laboratories, Inc.
UL-6	Standard for Safety Rigid Metal Conduit
UL 44	Rubber-Insulated Wires and Cables
UL 50	Cabinets and Boxes
UL 486 Direct Burial Insulation Cover for Pressure Connectors
UL 870 Wire ways, Auxiliary Gutters and Associated Fittings
UL 651 Schedule 40 and 80 Rigid PVC Conduit
 
B. Materials-Electrical materials not supplied as Government-Furnished Property in Appendix B must be supplied by the Contractor as specified below.

1. 600-Volt Power Cable-All power cable furnished for installation in underground conduit must be soft drawn or annealed copper conductor, type XHHW, meeting the requirements of ICEA S-19-81, S-66-524, or S-68-516.  Conductors #8 AWG and larger must be stranded cable rated at 600 volts (min.). All power cable for installation in underground conduits must be UL labeled or listed as suitable for cable tray use and the installation must comply with Article 318 of the National Electrical Code.
2. 5000 Volt Power Cable-All 5KV power cable must be soft drawn or annealed copper conductor, shielded, and jacketed as specified.  Cable must meet the requirements of ICEA S-19-81, S-66-524, or S-68-516.
3. Control Cable-All control cables will be copper shielded, insulated and jacketed and filled in accordance with Specification FAA-E-2072b.  Cable in accordance with REA Specification PE-22 or PE-39 may be used if approved by the Resident Engineer.
4. Conduit-Conduit must be of the types shown on the Project Drawings.  Rigid steel conduit must conform to the requirements of Federal Specification WW-C-581.  Rigid nonmetallic conduit must conform to UL 651 and/or NEMA TC2 or TC6 (Type DB).
5. Pulling Tension-Cables to be pulled into underground ducts must have manufacturer's maximum allowable pulling tension identified in the cable catalog data submittal plus the Contractors proposed method to monitor the tension during installation to avoid damage.  
6. Uninsulated Conductors-Uninsulated conductors must be copper in accordance with Federal Specifications QQ-W-343.
7. Other Materials-All other materials, not specifically described but required for a complete and proper installation of the work of this Section, must be selected by the Contractor subject to the approval of the Resident Engineer.
8. Ground Access Well Frame and Lid-Ground access well manhole frame and lid must have a minimum opening diameter of 15" (frame may be rectangular).  The frame and lid casting must be cable of protecting the access well from light vehicle traffic.
9. Meter and Current Transformer Enclosures-The meter and CT enclosures must be provided by the Contractor and must meet the servicing electrical utility requirements.
10. Meter Enclosure-3 phase CT rated meter socket, 13 jaw, Circle AW.
11. CT Enclosure-3 phase CT cabinet (36"x36"x11", Circle AW catalog number 363611RTCT) with Circle AW CT mounting base, catalog number 6067-EE.
12. Boxes-Boxes must be the cast metal thread hub type conforming to UL 514A and UL 514B, must be one piece galvanized steel type conforming to UL 514A and UL 514B, or metal outlet boxes conforming to NEMA OS 1.  Where not sized on the Project Drawings, boxes must be sized in accordance with the NEC.
a. Boxes must be provided in the wiring or raceway system for pulling wires, making connections and mounting devices or fixtures.  Boxes for metallic raceways must be of the cast-metal threaded hub type.
13. Safety Switches-Safety switches must be type "HD", heavy duty.  Switches mounted in dry locations must be in NEMA 1 enclosures.  Switches installed out doors or in damp or wet locations, must be mounted in NEMA 3R enclosures, galvanized with drip-lip.  Switches must be of the voltage and current ratings indicated on the drawings and each must be capable of interrupting ten (10) times the full rated load current.  The switches must be of the quick-make, quick-break type and all parts must be mounted on insulating bases to permit replacement of any part from the front of the switch.  All current-carrying parts must be of high-conductivity copper, designed to carry rated load without excessive heating.  Switch contacts must be silver-tungsten type or plated to prevent corrosion, pitting and oxidation and to assure suitable conductivity.  When used for motors as a safe switch, switches must be sized in accordance with NEC Article 380.  Switches must disconnect all underground conductors.
14. Fuses-A complete set of fuses must be installed and one set of spares must be furnished for each fusible device.  Time/current tripping characteristics of fuses serving motors or connected in series with circuit breakers must be coordinated for the proper operation.  Fuses must have a voltage rating not less than the circuit voltage.  Cartridge fuses must have an interrupting rating as indicated, but if not indicated must be not less than 100,00 amps when used in branch and distribution circuits and not less than 200,0000 amps when used in a service entrance switch.
15. Identification-Each of the following types of equipment must be identified with a name plate which shows the functional name of the unit, voltage utilized if applicable, one or three phase as applicable, and any other pertinent information (i.e.:  "ALSF,120/ 240V, 1 O, 60A MAIN").  Switches for local lighting must not be identified.
		Motor controllers
		Panel boards
		Switches
		Self-enclosed circuit breakers
		Control enclosures
Additional units of equipment must also be identified if called for in the plans.  Name plates must be non-ferrous metal or rigid plastic, stamped, embossed or engraved with 3/8-inch minimum height lettering or numerals.  The plates must be secured to the equipment with a minimum of two screws.
D.  Preparation-Trenches must be free of debris and water before cable laying operations.

E.  Cable and Conduit Depths-Cables and conduits for underground installation must be placed at the depths shown on the Project Drawings.  If no depths are shown on the Project Drawings, the following must apply.  All cable and conduit must be a minimum of 24 inches below the finished grade, unless otherwise noted on the drawings.

F.  Warning Tape-A plastic warning tape, must be metallic detectable, and must be continuously imprinted with the appropriate legend and must be located twelve (12) inches below finish grade and directly above the cable.

G.  Power and Control Cable Splicing-The use of underground splices must be minimized.  Where underground splices are required, they must be installed in hand holes or manholes.  Splices must only be allowed where indicated on the drawings or as approved by the Contracting Officer.  All cable splicing materials and methods must be of a type recommended by the splicing materials manufacturer for the cable to be spliced.
1. Coordination-Power must be switched off only by the FAA Technician before splices are made to existing power cables.  Schedule for splicing must be coordinated 48 hours in advance with the Resident Engineer, the FAA SSC and the Airport Manager.  Critical airport facilities that are affected by the existing power circuits include the Instrument Landing System (ILS) and weather observation equipment.  With the approval of the Airport Manager, power shutdown will be during regular work hours.  Otherwise, power shutdown will be between the hours of [time].  Splices must be accomplished and power must be restored in the shortest practical time to reduce impact on airport operations.
2. Certification. Contractor must submit written certification that the cable splicers to be used on this contract have a minimum of two years of field experience using the splicing methods to be used in this contract.
3. Materials and Methods. All splices must be as manufactured by 
4. [Name, address] or approved equal as follows:
(a)  Power Cables 601 to 5,000 Volts.  Use standard splicing kits as manufactured by [Name], APL-L823-14C-54-1, 2, or 3, as appropriate, or approved equal.  For unshielded series lighting power cables a field installed plug-in splice in accordance with FAA specification L-823, "Plug and Receptacle Cable Connectors," must be used.  When plug and receptacle are subject to water submersion, such as in threshold fixture cans, [Name, Part #] or approved equal splice cover must be added.
(b)  Power Cables 600 Volts and Below - Use heavy-wall self-sealing heat-shrinkable tubing manufactured by [Name, Part #] or approved equal.
(c)  Control and Telephone Cables - Use standard splicing kits as manufactured by [Name, Part #] or approved equal.  Type "D" polyurethane re-enterable encapsulate must be used for encapsulation of the wire bundle and cable core moisture blockage. An approved encapsulate is available from [Name, Part #].  Cable preparation must include, and particular attention must be given to cleaning the grease filling from the splice area.  Use a non-reacting, non-residue type solvent.
(d)  Connectors, Power Cable - Stranded cable conductor connections must be made using crimp connectors utilizing a crimping tool designed to make a complete crimp before the tool can be removed.
(e)  Connectors, Control and Telephone Cable - Amp Picabond type connectors #61292-2 are preferred for splicing telephone pair conductors, because of their small size.  Other connectors may be used with prior approval.  Control cable connectors must be crimp or solder type.  If crimp connectors are used, they must be installed with a ratchet type tool which requires full compression before it releases.  Insulation for connectors may be either factory applied or field taped.
(f)  Cable Armor and Shields - Armor and shield must be made continuous through a splice.  Armor and shield must be folded back prior to splicing, then reinstalled across the splice and bonded with approved bonding clips, or soldering when copper material is used.  If the armor is galvanized, it must be bolted.  Excess threads should be cut from bolts and wrapped with butyl tapes so there are no sharp projections prior to using heat-shrink tubing.
(g)  Evaluation of "or equal products" - Deviation from the requirements of paragraph 7.1.G.3 may be allowed with prior Contracting Officer approval.  To obtain product approval, the contractor must submit samples of the product proposed, drawings showing splicing method details, and a statement of his experience making splices with the product.  In addition, products must meet the following standards:
Products identified in (b) must meet or exceed IEEE-404-1977, Standard for Power Cable Joints, IEEE-48-1975, Standard for Cable Terminations, and ANSI C119.2-1974, Water Immersion Test.
Products identified in (c) and (e) must meet or exceed ANSI C119.1-1974, Sealed Insulated Underground Connector System Rated 600 Volts.

H. 	Installation of Conduit - Conduit must be plugged during construction to prevent entrance of foreign material.  All conduits entering a junction box or conduit must be sealed with conduit sealant.  All connections of conduits to boxes must be made with weatherproof hub fittings.  When two or more conduits are installed in the same trench, they must have a minimum separation of two inches except there must be 6 inch separation between power and control conduit.  The ends of unused conduit must be closed with a capped bushing, threaded plug or plastic plug designed for the purpose.
1. Galvanized Rigid Steel (GRS)  -  All GRS conduit must terminate with a grounding type insulated bushing and double locknut at each underground and cabinet box termination.  Unless shown otherwise on the drawings, GRS conduit must be used for conduit risers from trenches and above ground installations.  In exterior locations exposed threads must be painted with cold galvanizing compound.  When GRS is required for underground installations, the conduit and couplings must have a factory applied coating with minimum thickness as follows:
Low-density or medium density plastic - 0.020 inch
Epoxy resin - 0.008 inch
Coal-tar enamel - 0.063 inch
2. Field wrapped repair must be 0.010 inch pipe wrapping plastic tape with a 50 percent overlap. 
3. Rigid Nonmetallic Conduit - All rigid nonmetallic conduit must be installed in accordance with the manufacturer recommendations.  Rigid nonmetallic conduit must be PVC, schedule 40, unless otherwise noted, and must be used for underground duct, excluding ells or sweep ells, which must be galvanized rigid steel.

I.  Cable Installation in Conduit - The Contractor must take all necessary precautions to ensure against damaging the insulation and conductor during installation in conduit.  A non-petroleum based lubricant approved by Underwriters' Laboratories must be used if necessary to reduce tension during pulling.  The cable may be pulled by power winch or by hand.  Cable ends must be sealed with cable end sealing caps or a waterproof tape.  Where more than one cable is installed in a conduit, all must be pulled at the same time.  Splices must not be pulled into a conduit.  Control cable must not be installed in the same conduit as power cable.  Power and control cables may be installed in separate ducts of the same duct system, but must not enter the same manhole or hand hole.  If the ducts are not concrete encased, they must be spaced 6 inches on center, unless otherwise shown on the drawings.
1. Conduit Bushings - All GRS conduit must have a grounding bushing at each end.  All conduit bushings must be Specification Grade, insulated type, of malleable iron or steel, zinc plated, with conduit end stop and integrally molded-on noncombustible phenolic insulated surfaces rated at 150 degrees C.  Grounding bushings must be provided with a lay-in-lug with tin-plated copper ground path.

J.  Color Coding of Power Conductors
1. Grounded Conductors - Insulated conductors number 6 AWG and smaller must have white or natural gray insulation if intended for use as a grounded conductor.  Grounded conductors larger than number 6 AWG and grounded conductors in multiconductor cables (any size) must be identified at their terminations by a distinctive white marking such as tape.  The conductor will be grounded once only in the service backboard fused disconnect.
2. Equipment Grounding Conductors-See Table 250-95 of the National Electrical Code for minimum size of this conductor.  Bare conductors must not be permitted except for exterior use.  Where insulation is required, it must be green for equipment grounding conductors number 6 AWG and smaller.  Equipment grounding conductors larger than number 6 AWG and equipment grounding conductors in multiconductor cables (any size) must be identified by stripping all exposed insulation or marking all exposed insulation with green tape.
3. Phase Conductors  -  Phase conductors must be color coded as follows:
	Single Phase	Three Phase
	120/240 Volts	120/208 Volts
	Line A - Black	Phase A - Black
	Line B - Red	Phase B - Red
	Phase C - Blue

A conductor with white or green insulation may not be used as a phase conductor by taping or any other means.

4. Application - Conductors must be color coded in all pullboxes, junction boxes and at all terminations to equipment.
5. Tagging - All multi-conductor and single conductor cables must be tagged in each manhole or hand hole with not less than two tags per cable, one near each entrance hole.  Tags must be installed immediately after cable installation.  Tags must be 1/2 inches x 3 inches plastic, rated for out-door, not less than 1/16 inches thick.  Letters not less than Â¬ inch must be engraved into the tag.  Tie wrap cord must be used to attach the tag to the cable.  Marking of the tag must consist of the facility abbreviation plus the letter identifying the cable as power, telephone, control or radio frequency ("P", "T", "C" or "RF").
6. Government-Furnished Cable - The previously listed color coding requirements apply to Government-Furnished cable and Contractor-Furnished cable.  It is the responsibility of the Contractor to advise the Resident Engineer of any conflicts between these requirements and the Government-Furnished cable before the start of work.

K.  Grounding - The grounding system for the facility must be as shown on the Project Drawings and as specified herein.  The National Electrical Code, except where otherwise indicated herein, must govern but in no case must the Code be violated.
1. Grounding Electrode Conductor - The grounding electrode conductor must be bare copper and sized as shown on the Project Drawings (#4/0 AWG minimum).  The conductors and interconnecting grounding systems must be sized in as shown on the project drawings. The grounding electrode conductor must bond all grounding electrodes plus the neutral on the line side of the service disconnect.
2. Grounding Electrodes - Ground rods must be copper clad steel, _-inch diameter, minimum length 10 feet.  Ground rods must be driven full length into the earth so that the top is a minimum of 12 inches below finished grade.  Where ground rods cannot be driven because of soil conditions, a ground plate must be installed, and will be substituted at the rate of one ground plate per ground rod.  The ground plate must be copper, 18 inches by 18 inches by 20-gauge, installed vertically, with exothermic connections.
a. The maximum acceptable resistance to ground of the grounding electrode used with the electrical service for buildings and facilities must not exceed ten (10) ohms.  The test to determine this value must be conducted by the Contractor using an Earth Resistance Tester and the fall-of-potential (three terminal) method.  The tester must be provided by the Contractor who must report the test results to the Resident Engineer who will record them.  If the measured resistance to ground is not ten ohms or less, additional grounding electrodes must be installed at Government expense.  Separation between electrodes must not be less than ten (10) feet.  Electrodes must be interconnected with bare copper conductor of a size not less than #4/0 AWG buried to a minimum of 24-inch depth.
3. Grounding Connections - All equipment, armored cable, GRS conduit and all other exposed, non-current carrying metal parts of electrical equipment must be grounded by an equipment grounding conductor sized in accordance with Table 250-95 of the NEC whether or not shown on the Project Drawings for color coding which is green for this conductor.  This conductor must be run in the same raceway as the circuit conductors.  All connection points must be cleaned of paint, insulation and other non-conducting materials before making the connection.  All connections to the equipment to be grounded must be made with a ground connector specifically intended for that purpose.  Connecting screws or mounting bolts are not suitable for use as grounding connections.  Grounding conductors passing through conduits must be attached to all ground bushings on the conduit and on pull or junction boxes.  Connections to ground electrodes and all other underground connections must be exothermic welded, except ground conductor to equipment shelter service entrance must be clamped in ground access well using bronze clamp.
L.  Backfill - Backfill must be performed in accordance with 2.2.D.6.

M.  Markers - Locations of cable runs must be marked every 200 feet along a cable run, at each change of direction, at ends of conduits under roadway or taxiways, at cable splices, and as shown on the drawings.  Markers need not be located at manholes.  These locations must be marked with an 18 inch square by 3-1/2 inch thick concrete marker with a standard brass survey reference marker (3 inch diameter) set flush in the center of the concrete.  The concrete markers must be installed flat in the ground immediately above the cable and with approximately one inch projecting above the surface.  Existing markers displaced or new markers must be placed within 24 hours of the trench backfill operation.
1. Letters and Identification - Letters identifying the cable must be engraved into the brass survey reference markers using Â¬ inch std. letters.  The letters must contain the following information:  The first line must contain the word "FAA".  The second line must contain the word "CABLE".  The third line must identify the facility served and type of cable, such as, "ALSF" or "GS" or if more than one facility is served by cable in the trench, just "P" or "P&C," etc.  The fourth line must contain additional information such as "2 FT DEB," "3 FT COND", "SPLICE," etc.  The fifth line must contain arrows showing the direction of the cable run or changes in direction of cable.  A plan of identification must be submitted to the Resident Engineer for approval before survey markers are engraved with letters.
2. Concrete or Asphalt Surfaces - Cable located under paved areas must be identified by installing a brass marker flush in the pavement.  The Resident Engineer must specify the location of markers if offset from roadways.

N.	Cable Tests - The requirements of this paragraph apply to cable which is to be Contractor installed. All cable, both Contractor-Furnished and Government-Furnished, must be tested by the Contractor in the presence of the Resident Engineer and a representative of the local FAA maintenance staff.  All test equipment and the power required to operate it, must be furnished by the Contractor.  All cable must be tested before installation and after installation.  The Contractor must furnish the Resident Engineer written record of the tests on Resident Engineer-furnished forms.
1. Power Cables, 5,000 Volts - Conductors, splices and other contractor performed connections must be tested at 10,000 volts.  Tests must be made between conductors and from each conductor to ground with the cable shield (when specified) grounded.  To assure that the cable is completely charged, each test must continue for a period of not less than 1 minute after instrument readings stabilize. Minimum acceptable insulation resistance value of the cable is 50 megohms. 
a. 	Tests must be made for continuity of cable shield armor.  An ohmmeter-type instrument may be used.  The contractor must demonstrate that circuits are properly connected, including operation of each lighting and power circuit for not less than one-half hour.
2. Cables, 5,000 Volts, Series Lighting - After completing installation, each series lop with its connectors and lighting transformers must be tested for insulation resistance.  Test must be conducted in accordance with paragraph 7.1.N.1 with both ends of each loop disconnected from the series cutouts at the substation, except for the following:
(a) If the transformers cannot withstand a DC voltage of 10,000 volts, the test must be performed at the highest allowable transformer voltage.
(b) Depending upon the number of lighting transformers in the loop and their individual insulation resistances, the allowable loop insulation resistance may be reduced, based on the parallel summation of the cable and transformer insulation resistances.  However, the cable insulation resistance must never be less than the minimum value allowed in paragraph 7.1.N.1.
3. Power Cables 600 Volts and Below - All power cables must measure not less than 50 megohms resistance between conductors, and between conductors and ground.  Measurements must be taken at not less than 500 volts DC.
4. Control and Communication Cable Tests - The insulation resistance of each conductor, including splices, must be measured between conductors and between conductor and ground with the shield and/or armor grounded.  The test instrument must be rated 500 V.D.C. The minimum acceptable resistance must be 50 megohms.  All conductors must also be tested with an ohmmeter to verify absence of opens and crossed pairs.
5. Failure of Cable Under Test - Cable, including splices, which fail to meet test requirements must be repaired or replaced and retested.  Cable must not be put into service until it has passed all test requirements.  If Contractor-Furnished cable fails tests, or if Government-Furnished cable fails the test due to mishandling by the Contractor, the Contractor must repair or replace the cable and pay for re-installation if required.

O.  Quality Assurance - All Contractor-Furnished electrical equipment and materials must be labeled by Underwriters' Laboratories, Inc., if the particular material is normally inspected and labeled.

[bookmark: _Toc394345410]7.2	Lightning Protection System 
A.  General  -  The Contractor must provide all labor, equipment and materials as required to install a lightning protection system as shown on the Project Drawings and as specified herein.

B.  Applicable Documents - The following specifications and standards of the issues currently in force form a part of this section, and are applicable as specified herein.
    1.  National Fire Protection Association (NFPA) Publications
No. 78	Lightning Protection Code
 
C.  Materials - Materials must be as specified on the Project Drawings with the following exceptions:
1. Down Conductors  -  Down conductors must be 32 strands of 17- gauge copper wire, 7/16" diameter, braided smooth twist, 65,500 circular mils, net weight 215 lbs. per 1000 ft, Thompson No. 32S (copper), or equal.

2. Roof Air Terminal Assembly - Air terminals must be nickel tipped 5/8" x 12" solid copper with base adapter, Thompson No. 665BT (copper), or equal.  Air terminal point base must be bras with a pressure type cable connector and 5/8" external stud to engage all points, Thompson No. 688, adhesive type, or equal.

3. Roof Cable Holders - Roof cable holders must be a 4-inch stamped solid copper no nail cable fastener for flat roofs, Thompson No. 730 (copper) adhesive type, or equal.

4. Other Roof Hardware - All other roof mounted hardware must be copper or bronze and be adhesive type.

5. Adhesive - Adhesive to secure roof items must be plastic roof cement, similar to Thompson No. 731.

6. Silicone Sealant - Silicone sealant mentioned on the drawings must be must be approved by the Resident Engineer prior to application.

7. A.C. Power Arrestor - Surge arrestor is Government furnished.

D.  Installation - Installation must be as shown on the Project Drawings and in accordance with the Applicable Documents and as specified herein.
1. Down Conductor - Install down conductor in a neat manner, parallel or perpendicular or plumb to building surfaces, without kinks or excessive sag or buckling between fastening points.

2. Ground Rods - Ground rods must be copper clad steel, _-inch diameter, minimum length 10 feet.  Ground rods must be driven full length into the earth so that the top is a minimum of 12 inches below finished grade.  Where ground rods cannot be driven because of soil conditions, a ground plate must be installed, and will be substituted at the rate of one ground plate per ground rod.  The ground plate will be copper, 18 inches by 18 inches by 20 gauge, with cable attachments, similar to Thompson Lightning Protection, Inc., Catalog No. 233.

3. Other Hardware - Install hardware in a neat manner, parallel or perpendicular or plumb where fastened to surfaces.  For surfaces used with adhesive type hardware, clean the surfaces in accordance with the adhesive manufacturer's instructions.  For fiberglass surfaces, use 36 grit sandpaper to remove the fiberglass wax surfaces.

4. Underground Connections - No part of the underground cable or connections must be concealed until the Resident Engineer has inspected, tested and approved the ground rods or plates, conductors and connections in that part of the system.  Any faulty connections or items must be corrected or replaced as directed by the Resident Engineer.

5. A.C. Power Surge Arrestor must be installed directly above and on the line side of the main service disconnecting means. The arrestor must be wired in such a manner that all connections are as short as possible (within 12 inches) and bends are kept to a minimum. The arrestor must be connected in a manner recommended by the manufacturer of the arrestor. Phase lugs of the surge arrestor must be connected to corresponding phase terminals of the service disconnecting means with insulated #2/0 AWG (minimum) stranded copper cable. The connection to neutral for the surge arrestor elements must be routed with no sharp bends as direct as possible to the neutral bus in main service disconnect.  Refer to manufacturer's instructions, Attachment "A" Reference Drawing, for additional instructions.
a. Ground - The ground for the arrestor elements must be connected to the ground bus in the service disconnect. The ground connector for the arrestor elements must be #2/0 stranded copper cable with properly color coded insulation. The enclosure for the surge arrestor must be connector to the ground bus in the main service disconnect by #2/0 AWG copper wire with green insulation.  

E. 	Quality Assurance - All lightning protection conductors and hardware must carry the Underwriters' Laboratories, Inc. label or have factory certificates that the material complies with the Underwriters' Laboratories, Inc.  Submit certificates to the Resident Engineer before installation.


[bookmark: _Toc394345411]7.3	Interior Electrical Work 
[bookmark: _Toc394345412]7.3.1.A	General 
This section covers the minimum requirements for interior electrical work at FAA facilities.  The installation must conform to local and national rules and regulations and the National Electrical Code.
[bookmark: _Toc394345413]7.3.2.B	Applicable Documents 
The current issues of the following documents in effect on the date of the invitation for bids form a part of this specification and are applicable to the extent specified herein.

1. Federal Specifications

J-C-30 - Cable and Wire, Electrical (Power, Fixed Installation)
W-B-30 - Ballast, Fluorescent Lamp
W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service
W-C-586 - Conduit Outlet Boxes, Bodies, and Entrance Caps, Electrical: Cast Metal - For Shore Use
W-C-1094 - Conduit and Conduit Fittings; Plastic, Rigid
W-F-414 - Fixture, Lighting (Fluorescent, Alternating Current, Recessed and Surface Ceiling)
W-J-800 - Junction Box; Extension, Junction Box:  Cover, Junction Box (Steel, Cadmium or Zinc - Coated)
W-P-115 - Panel, Power Distribution
W-S-610 - Splice, Conductor
W-S-865 - Switch, Box (Enclosed), Surface - Mounted
WW-C-563 - Conduit, Metal, Rigid:  Electrical, Thin-Wall Steel Type (Electrical Metallic Tubing); Straight Lengths, Elbows, and Bends
WW-C-566 - Conduit, Metal, Flexible
WW-C-581 - Conduit, Metal, Rigid; and Coupling, Elbow, and Nipple, Electrical Conduit:  Zinc Coated
QQ-W-343 - Wire, Electrical, (Uninsulated)

2.  National Fire Protection Association (NFPA) Publications
No. 70	National Electrical Code (N.E.C.) - 1987

    3.  National Electrical Manufacturers Association (NEMA) Standards
ST 20 - Dry Type Transformers for General Applications
WC 5 - Thermoplastic Insulated Wire and cable for the transmission and distribution of electrical energy.
WD 1 - General Purpose Wiring Devices

    4.  Underwriters' Laboratories, Inc. (UL) Standards
UL 542 - Lampholders, Starters, and Starter Holders for Fluorescent Lamps
UL 870 - Wireways, Auxiliary Gutters and Associated Fittings

    5.  Other Documents
a. Local Utility Companies.- The rules and regulations of the local utility companies providing service.
b. Local Governing Bodies  -  The rules, regulations, and codes of the local city, county, and state.

[bookmark: _Toc394345414]7.3.3.C	Materials.- General 
The contractor must furnish all materials not specifically shown on the list of Government-furnished property, as shown on [document]. Materials and equipment must comply with all contract requirements.  Materials to be furnished by the contractor under this specification must be new, the standard products of manufacturers regularly engaged in the production of such materials, and of the manufacturer's latest designs that comply with the specification requirements.  All materials for installation in hazardous or wet locations must be listed and labeled by the Underwriters Laboratory (UL) as suitable for hazardous or wet locations.  All other materials provided by the contractor must bear the label of UL if the materials are normally evaluated and labeled by UL.

[bookmark: _Toc394345415]7.3.4.D	Materials and Installation 
1. 	General - The rules, regulations and reference specifications referenced herein must be considered as minimum requirements and must not relieve the contractor from furnishing and installing higher grades of materials and workmanship than are specified herein or on the contract drawings.  This specification must govern when conflicts occur between reference documents and this specification. 

2. Workmanship - All materials and equipment must be installed in accordance with the contract drawings and the recommendations of the manufacturer and will be approved by the Resident Engineer.  The installation must be accomplished by skilled workmen regularly engaged in this type of work.  Where required by local regulations, the workmen must be properly licensed.

3. Contract Drawings  -  Where the electrical drawings indicate (diagrammatically or otherwise) the work intended and the functions to be performed, even though some minor details are not shown, the contractor must furnish all equipment, material (other than Government furnished items, and labor to complete the installation work, and accomplish all the indicated functions of the electrical installation.  Further, the contractor must be responsible for taking the necessary actions to ensure that all electrical work is coordinated and compatible with architectural, mechanical and structural plans.
a. Minor Departures - Minor departures from exact dimensions shown in electrical plans may be permitted where required to avoid conflict or unnecessary difficulty in placement of a dimensioned item, provided all contract requirements are met.  The contractor must promptly obtain approval from the FAA Resident Engineer prior to undertaking any such proposed departure.

4. Grounding - General - This section must cover the grounding of noncurrent carrying metallic enclosures of equipment installed by this contract.  See Section 16-1 for grounding electrode and grounding electrode conductor requirements.
a. Equipment Grounding Conductor - All metallic non-current carrying parts of electrical equipment must be grounded with an equipment grounding conductor whether or not shown on the drawings.  The equipment grounding conductor must be a green insulated copper conductor.  Any equipment grounding conductor #6 AWG and smaller must have green insulation.  Equipment grounding conductors larger than #6 AWG may have green or black insulation and if black it must be covered with green tape wherever exposed in panelboards, switches, pullboxes, or air.  When this conductor is not sized, or shown on the drawings, it must be sized in accordance with Table 250-95 of the National Electrical Code.  Only copper conductors will be allowed.  Where there are parallel feeders installed in more than one raceway, a full sized equipment grounding conductor must be installed in each raceway.  The metallic conduit housing the equipment grounding conductor must also be electrically continuous forming a parallel path to the equipment grounding conductor.  All connections to the equipment to be grounded must be made with a ground connector specifically intended for that purpose.  Connecting screws or mounting bolts and screws are not suitable for use as grounding connections.  All ground lugs must be of a noncorrosive material suitable for use as a grounding connection, and must be compatible with the type of metal being grounded.
b. Other Grounding Systems  -  Any additional grounding systems used for electronic equipment must be connected directly to the exterior earth electrode system.  Other grounding systems must not be used in place of the equipment grounding conductor system.  The conductors used for other grounding systems must be color coded green with a yellow stripe.

5.  Wiring Methods
a. General - Wiring must consist of insulated copper conductors installed in heavy-wall zinc coated rigid steel conduit, electrical metallic tubing, or flexible steel conduit.
b. Raceway System - Where conduit has to be cut in the field, it must be cut square using a hand or power hacksaw or approved pipe cutter using cutting knives.  The cut ends of the field-cut conduit must be reamed to remove burrs and sharp edges.  Where threads have to be cut on conduit, the threads must have the same effective length and must have the same thread dimensions and taper as specified for factory cut threads on conduit.  Conduits installed with threads not complying with these requirements must be removed and replaced with conduits which comply.  Clean threads of all oil and shavings and apply a cold zinc rich paint to damaged galvanizing.
i. Heavywall Zinc Coated Rigid Steel Conduit - Heavywall zinc coated rigid steel conduit must conform to Federal Specification WW-C- 581.  Rigid steel conduit may be used in all locations.  All fittings for use with rigid steel conduit must be of the threaded type of the same material as the conduit.  Where conduits enter boxes or cabinets without threaded hubs, double locknuts must be used plus a phenolic insulated metallic grounding bushing on the open end.
ii. Electrical Metallic Tubing (EMT) - EMT must conform to Federal Specification WW-C-563.  EMT may be used only in dry interior locations, and where not subject to physical damage.  EMT must not be used on circuits above 600 volts.  Fittings to be used with EMT must be standard fittings designed for use with this type of conduit.  Where box fittings are used with only a locknut, a smooth bushing must be installed on the fitting end.
iii. Flexible Steel Conduit  -  Flexible steel conduit must conform to Federal Specification WW-C-566.  Flexible steel conduit must be used for terminal connections to motors or motor driven equipment, and may be used in short lengths for other applications as permitted by the NEC.  Liquid tight flexible metal conduit must be used outdoors or in wet locations.  A separate equipment grounding conductor must be provided across all flexible conduit connections, inside or outside the conduit.
iv. Square Duct  -  Square duct must conform to UL Standard 870.  Square duct must only be installed exposed.  Covers must be hinged and must also have screw fasteners.

c. Raceway Support Systems - Raceways must be securely supported and fastened in place at intervals of not more than 10 feet with pipe straps, wall brackets, hangers, or ceiling trapeze.  Fastenings must be by wood screws, nails or screw-type nails to wood; by toggle bolts on hollow masonry units; by expansion-bolts on concrete or brick; by machine screws, welded threaded studs, or  spring tension clamps on steel work.  Nail type nylon anchors or threaded studs driven in by a powder charge and provided with lock washers and nuts may be used in lieu of expansion bolts or machine or wood screws.  Threaded C clamps with retainer may be used.  Raceways or pipe straps must not be welded to steel structures. 
d. Conductors
i. Uninsulated Conductors - Uninsulated conductors must be copper in accordance with Federal Specifications QQ-W-343.
ii. Insulated Conductors  -  Insulated conductors must be copper with thermoplastic or thermosetting insulation, type THW, THWN, and  XHHW for general use, or type THHN for use in dry locations only, all insulated for 600V in accordance with Federal Specification J- C-30 and ICEA S-61-402.  Conductors #10 AWG and smaller may be solid, and conductors #8 AWG and larger must be stranded.  Minimum branch circuit conductor size must be #12 AWG.  Minimum control wire size must be #14 AWG unless noted otherwise.
e. Fixture Wiring - Fixture wiring must be copper, with thermoplastic insulation type TF, TFF, TFN, or TFFN insulated for 600 volts, in accordance with Federal Specification J-C-30.

f. Color Coding - All branch circuit and feeder conductors must be color coded as specified hereinafter.  The color coding must be continuous throughout the facility on each phase conductor to its point of utilization so that the conductor phase connection is readily identifiable in any part of the installation.  Conductors #6 AWG and smaller must have color coded insulation, conductors larger than #6 AWG may be color coded using half-lapped tape for a minimum length of 3 inches.  White conductors may only be used for neutral and green may only be used for equipment grounding conductors.  If an equipment grounding conductor is taped it must be taped over its entire exposed length.  Where conductors are color coded in this manner, they must be color coded in all junction and pull boxes accessible raceways, panelboards, outlets, and switches, as well as at all terminators.  Conductors in accessible raceways must be coded in such manner that by removing any cover, the coding will be visible.

	Phase conductors must be color coded as follows:
	Single Phase	Three Phase
	120/240 Volts	120/208 Volts
	Line A - Black	Phase A - Black
	Line B - Red	Phase B - Red
	                	Phase C - Blue

Color coding for conductors in control cables must be in accordance with NEMA Standard WC-5.
c. 	Conductor Identification - In addition to color coding, all line, phase, and neutral conductors must be identified by plastic-coated, self-sticking printed markers, permanently attached stamped metal foil markers, or equivalent means as approved by the Resident Engineer.  Panel and circuit numbers must be identified.  Conductor identification must be provided at all terminations, and in all junction boxes through which these conductors pass.  In addition to color coding, control circuit conductor identification must be made by plastic-coated self-sticking printed markers, permanently attached stamped metal foil markers, or equivalent means as approved by the Resident Engineer.  Conductor identification must be provided within each enclosure where a tap, splice, or termination is made.  Control circuit terminals of equipment must be properly identified.  Terminal and conductor identification must match that shown on approved shop drawings.  Hand lettering or marking is not acceptable.
6. 	Splices - Splices must be made only at outlets, junction boxes or accessible raceways.  Splices must be made with solderless connectors conforming to Federal Specification W-S-610.  Wire nuts must be used to splice conductors sized #10 AWG and smaller, and compression connectors must be used to splice conductors #8 AWG and larger.  All wire nut splices must be taped with electrical insulating tape in a manner which must make their insulation equal to the insulation on the conductors and all compression connector splices must be insulated with heat shrinkable sleeves.

8. Boxes - Boxes must be either the cast metal hub type conforming to Federal Specification W-C-586 or must be one piece galvanized steel type conforming to Federal Specification W-J-800.  Where not sized on the drawings, boxes must be sized in accordance with the NEC. Boxes must be provided in the wiring or raceway system for pulling wires, making connections, and mounting devices or fixtures.  Boxes for metallic raceways must be of the cast-metal threaded hub type in wet locations, or surface mounted on outside of exterior surfaces, and in hazardous areas must be explosion proof.  Boxes in other locations must be cast metal hub type or one piece galvanized steel with cover designed for surface installation.  Non-metallic boxes may be used with non-metallic raceway systems only. Each box must have the volume required by the National Electrical Code for the number of conductors in the box.  Each outlet box must have a machine screw which fits into a tapped hole in the box for the ground connection.  Boxes for mounting lighting fixtures must be not less than 4 inches square.  Boxes installed for concealed wiring must be provided with extension rings or plaster covers.  Boxes for use in masonry-block or tile walls must be square-cornered tile-type, or standard boxes having square-cornered tile-type covers.  Cast-metal boxes installed in wet locations and boxes installed flush with the outside or exterior surfaces must be gasketed.  Separate boxes must be provided for flush or recessed fixtures where required by the fixture terminal operating temperature, and fixtures must be readily removable for access to the boxes unless ceiling access panels are provided.  Boxes for fixtures on suspended ceilings must be supported independently of the ceiling supports.  Boxes must not be supported from sheet metal roof decks.  Boxes and supports must be fastened to wood with wood screws, nails, or screw-type nails of equal holding strength, with bolts and expansion shields on concrete or brick, with toggle bolts on hollow masonry units, and with machine screws or welded studs on steel work.  Threaded studs driven in by powder charge and provided with lockwashers and nuts, or nail-type nylon anchors may be used in lieu of expansion shields, or machine screws.  In open overhead spaces, cast metal boxes threaded to raceways need not be separately supported except where used for fixture support; cast metal boxes having threadless connectors and sheet metal boxes must be supported directly from the building structure or by bar hangers.  Where bar hangers are used, the bar must be attached to raceways on opposite sides of the box and the raceway must be supported with an approved type fastener not more than 24 inches from the box.  Penetration must be no more than 1-1/2 inches into reinforced concrete beams or more then _-inch into reinforced concrete joists, and cutting any main reinforcing steel must be avoided.

8.	Wiring Devices
a. Wall Switches - Single-pole and three-way wall switches must be specification grade, rated 120/277 volts, and must be fully rated 20 amps, A.C. only.  Wiring terminals must be of the screw type.  Switches with push-in connections or a combination of screw-type and push-in connections are not acceptable.  Switches must be equipped with grounding terminals and must be grounded with a green grounding pigtail connected from the switch grounding screw directly to the grounding lug or screw on the outlet box where the green equipment grounding conductor is terminated.  Switches must be the quiet operating type, and must be ivory colored.  Not more than one switch must be installed in a single gang position.  Unless noted otherwise, wall switches must be installed 4 feet above finished floor.
b. Receptacles - All receptacles must be specification grade in accordance with NEMA WD-1.  Unless otherwise indicated, general purpose duplex receptacles must be specification grade, 20 ampere rating, 125 volt, grounding type NEMA 5-20R.  Receptacles with push-in connections or a combination of screw-type and push-in connections are not acceptable.  Unless noted otherwise, receptacles must be installed 12 inches above finished floor.  All receptacles, unless they are of the isolated-ground type, must be grounded by the installation of a green grounding pigtail from the receptacle grounding screw directly to the grounding screw on the outlet box where the green equipment grounding conductor is terminated.  GFI receptacles must be installed in all locations required by the NEC and in other locations as shown on the Project Drawings.  GFI receptacles must be 125-volt, duplex, UL Group I, Class A, rated for 20 amperes minimum.  All exterior GFI receptacles must be mounted in weatherproof boxes with weatherproof covers.
c. Device Plates - Plates of the one piece type must be provided for all outlets and fittings to suit the devices installed.  Plates on unfinished walls and on fittings must be of zinc-coated sheet steel or cast metal having rounded or beveled edges.  Plate screws must be of metal with countersunk heads, in a color to match the finish of the plate.  Plates must be installed with all four edges in continuous contact with finished wall surfaces without the use of mats or similar devices.  Plaster fillings will not be permitted.  Plates must be installed with an alignment tolerance of 1/16-inch.  The use of sectional type device plates will not be permitted.  Plates installed in wet locations must be gasketed.

9.	Panelboards
a. General - Panelboards must conform to Federal Specification W-P-115 Type I, Class I, and must be listed by U.L.  Panelboards must be mounted so that the maximum height to the top of the panelboard must be 6 feet-9 inches above the finished floor level.  All panelboards must have a full hinged front cover with a hinged door in that cover for access to circuit breaker switches.  Door must have a flush type cylinder lock and catch.  Doors over 48 inches in height must have auxiliary fasteners on top and bottom.  All locks in a project must be keyed alike, and two keys must be furnished with each lock.  Directories must be typed to indicate the load served by each circuit and must be mounted in a holder with protective covering.  Circuits must be connected as indicated on the drawing.  The directory must be arranged so that the typed entries simulate the circuit breaker positions in the panelboard.
b. Wire Gutters  -  The minimum size of side wiring gutters must be as follows:
4 inches for mains up to and including 100 amp  
6 inches for mains over 100 amp and up to 225 amp
8 inches for mains over 225 amp and up to 600 amp

9. Circuit Breakers - All circuit breakers must be the quick-make, quick-break bolt on, thermal magnetic type, must conform to Federal Specification W-C-375, and must be U.L. listed.
a. Circuit breakers must be rated for the voltage of the circuit on which they are used, and must have a minimum interrupting rating of 10,000 amperes, symmetrical for branch breakers, and 18,000 amperes, symmetrical for main breakers.  All circuit breakers must have a trip indicating feature.  Single pole breakers must be a full size module, and two and three pole breakers must be sized in even multiples of a single pole breaker.  Breakers must be sized so that two single pole breakers must not be capable of fitting in a single housing.  Multipole circuit breakers must have an internal common trip mechanism.  Devices with an adjustable magnetic trip must be factory set to the "low" value.  All circuit breakers and the panelboards in which the breakers are installed must be made by the same manufacturer.
b. Bus Bars - Buses must be copper.  Bus capacity must be as indicated on the drawings.  Where bus capacity is not indicated on the drawings, the capacity must be equal to or greater than the panelboard feeder overcurrent protective device.  Circuit breaker current-carrying connections to bus must be of the bolted type, factory assembled.  Stab-in types are not acceptable.  Bus bar connections to branch circuit breakers must be of the sequence phase type.  The branch circuits must be connected to the individual circuit breakers as indicated on the drawings.  The neutral bus must be insulated from all panelboards except where the main panelboard is used as a service disconnects means.  All panelboards must have an uninsulated ground bus bolted to the cabinet, adequate in size to accommodate all present and future equipment grounding conductors.  The ground bus must be isolated from the neutral bus except at the service disconnect means.  Where "provisions for", "future", or "space" is noted on the drawings, the panelboard must be equipped with bus connections for future installation of a breaker.

10. Self-Enclosed Circuit Breakers
a. General - Self-enclosed circuit breakers must be mounted in NEMA Type 1 enclosures with interrupting rating, trip rating, voltage rating, and number of poles as indicated on the drawings.  In no case must the interrupting rating be less than 10,000 amperes symmetrical, when used as branch circuit protection nor less than 18,000 amperes symmetrical when used as a main breaker, or service entrance disconnect means.  The circuit breakers must comply with Federal Specification W-C-375.
b. Requirements - The circuit breakers must be of the molded-case type, must have a quick-make and quick-break toggle mechanism, inverse time trip characteristics and must be trip-free on overload or short-circuit.  Automatic release must be secured by a bi-metallic thermal element releasing the mechanism latch.  In addition, a magnetic armature must be provided to trip the breaker instantaneously for short-circuit currents above the overload range.  Overload tripping unit must be replaceable.  Instantaneous tripping unit must be field adjustable at a minimum of 5 times the rating of the tripping unit up to a maximum of 10 times.  Automatic tripping must be indicated by a handle position between the manual Off and On position.

11. Safety Switches - Safety switches must conform to Federal Specification W-S-865, and must be type "HD", heavy duty.  Switches mounted in dry locations must be in NEMA 1 enclosures.  Switches installed outdoors, or in damp or wet locations, must be mounted in NEMA 3R enclosures.  Switches must be of the voltage and current ratings indicated on the drawings, and each must be capable of interrupting ten (10) times the full rated load current.  The switches must be of the quick-make, quick-break type, and all parts must be mounted on insulating bases to permit replacement of any part from the front of the switch.  All current- carrying parts must be of high-conductivity copper, designed to carry rated load without excessive heating.  Switch contacts must be silver-tungsten type or plated to prevent corrosion, pitting and oxidation, and to assure suitable conductivity.

12. Identification - Each of the following types of equipment must be identified with a name plate which shows the functional name of the unit, voltage utilized, one or three phase as applicable, and any other pertinent information.  Switches for local lighting must not be identified.

		Panelboards
		Switches
		Self-enclosed circuit breakers

Name plates must be non-ferrous metal or rigid plastic, stamped, embossed or engraved with 3/8-inch minimum height lettering or numerals.  The plates must be secured to the equipment with a minimum of two screws.

13. Fuses - A complete set of fuses must be installed and one set of spare must be furnished for each fusible device.  Time/current tripping characteristics of fuses serving motors or connected in series with circuit breakers must be coordinated for the proper operation.  Fuses must have a voltage rating not less than the circuit voltage.  Cartridge fuses must have an interrupting rating as indicated, but if not indicated must be not less than 100,000 amps when used in branch and distribution circuits, and not less than 200,000 amps when used in a service entrance switch.

14. Lamps and Lighting Fixtures
a. General - Lamps and lighting fixtures must be of the types indicated on the drawings.  All lighting fixtures must be U.L. approved and must bear the U.L. label.  All incandescent lamps must be rated for 120 volts unless otherwise indicated.
b. Fluorescent Fixtures - Unless otherwise indicated, lenses for fluorescent fixtures must be the prismatic type, made of virgin acrylic.  Fluorescent lamps must be rapid start, cool white unless otherwise indicated.  Ballasts for fluorescent fixtures must be class P, rapid start, high power factor type conforming to Federal Specification W-B-30.  All ballasts must be provided with choke type radio frequency interference suppressors.  All ballasts must bear the CBM/ETL label.  Lampholders must have silver plated contacts, and must conform to U.L. Standard 542.
1. Suspended Fluorescent Fixtures - Pendant mount fluorescent fixtures must conform to Federal Specification W-F-414 and must be of the types indicated on the drawings. Single-unit suspended fluorescent fixtures must have twin-stem hangers.  Multiple-unit or continuous row fluorescent units must have a tubing or stem for wiring at one point, and a tubing or stem suspension provided for each unit length of chassis including one at each end.
c. Emergency Lights - Emergency lights must conform to Federal Specification W-L-305, Type I, Class I, Style D or E, and with the number of heads as indicated.  Emergency light sets must be connected to the wiring system by a cord no greater than 3 feet in length and a single receptacle.
d. High Intensity Discharge (H.I.D.) Lamps -  H.I.D. lamps including mercury vapor, metal halide, and high or low pressure sodium must be as indicated on the drawings.  High power factor, constant wattage ballasts must be furnished with H.I.D. lamps.  Mercury vapor lamps must be the color improved type.

14. Painting and Finishing - Where factory finishes are provided on equipment and no additional field painting is specified, all marred or damaged surfaces must be touched up or refinished so as to leave a smooth, uniform finish at the time of final inspection as directed by the resident engineer.

15. Repair of Existing Work - Electrical work must be carefully laid out in advance.  Where cutting, channeling, chasing, or drilling of floors, wall partitions, ceilings, or other surfaces is necessary for the proper installation, support, or anchorage of the conduit, raceways, or other electrical work, it must be carefully done.  Damage to the building, piping, or equipment must be repaired by skilled mechanics of the trades involved at no additional cost to the Government.

[bookmark: _Toc394345416]7.3.5.E	Quality Assurance Provisions 
1. List of Materials and Equipment - Within 5 calendar days after contract award, and before installing any materials or equipment, the contractor must submit 2 copies of the complete list of materials and equipment to the contracting officer for approval.  This list must include manufacturer's style or catalog numbers for all materials furnished by the contractor.  Catalog cuts must also be furnished with the list of materials and equipment.  Approval of materials will be based on manufacturer's published data.  Approval of materials and equipment will be tentative, subject to submission of complete shop drawings indicating compliance with the contract documents.

2. Shop Drawings - Shop drawings must be submitted by the contractor to indicate the proposed installation of all government furnished and contractor furnished materials.  Two copies of all shop drawings must be submitted for approval within 15 calendar days (maximum) after contract award.
a. Coordination - Drawings and submitted data must be checked and coordinated with the work of other construction trades involved, before they are submitted for approval, and must bear the contractor's stamp of approval as evidence of such checking and coordination.
b. Required Data  -  Drawings and submitted data must be complete,  assembled in sets and must bear:
		Date
		Number of drawing or specification section applicable
		Name of project or facility
		Name of contractor or sub-contractor
		Clear identity of contents and location of work

c. Variations - If drawings show variations from the contract requirements because of standard shop practice or for other reasons, the contractor must describe such variations in his letter of transmittal.  If acceptable, the contracting officer may approve any or all such variation, subject to a proper adjustment in the contract. If the contractor fails to describe such variations, he must not be relieved of the responsibility for executing the work in accordance with the contract, even though such drawings have been approved.

d. Submission - The contractor must submit and obtain approval of catalog cuts and list of materials and equipment by the contracting officer before ordering materials.  The contractor must submit and obtain approval of shop drawings by the contracting officer before proceeding with any work associated with the shop drawings.

    3.  Tests
a. Construction Contractor Tests - The contractor must furnish the instruments, materials and labor necessary to perform the following tests.  All tests must be performed in the presence of the Resident Engineer.  The contractor must submit a written test report to the resident engineer when the tests are complete.
1. Insulation Resistance Tests - Feeders and branch circuits must have their insulation tested after installation, but before connection to terminals.  All conductors must test free from short circuits and grounds, and a minimum insulation resistance phase-to-phase and phase-to-ground must be 50 megohms measured with a 500 volt insulation resistance tester.
2. Neutral Isolation Test - After installation of all branch circuits, the neutral in the service entrance must be tested for isolation from ground with an ohmmeter set on its RX1 scale.  The incoming neutral must be temporarily disconnected to accomplish this test.  Any contact between the neutral and ground (other than at the service entrance switch) is a possible cause of noise in electronic equipment and must be corrected.
3. Grounding Electrode Test - Contractor must measure the earth electrode grounding resistance at the service transformer and at the service disconnect switch.  See Section 7.1 for the test method.  The maximum resistance acceptable must be 10 ohms.
4. Operating Test - The contractor must check the existing phase rotation at the main panel before the start and at the completion of work to verify that it remains unchanged.

[bookmark: _Toc394345417]7.4	Engine Generator 

A.  Work Included - This specification includes the installation of all electrical items required for the proper operation of a government furnished engine generator set including all accessories and contractor furnished items.  The items to be installed must include the engine generator controls, load bank, load bank control cabinet, and surge arrestor.  Testing of the engine generator set is also included under this section.
    The setting of the engine generator van, installing the outside fuel tank, and piping are covered in Section 6.0.

B.  Requirements
1. General - All items and materials must be contractor furnished except for those indicated on the contract drawing and/or herein referred to as Government furnished material.  The contractor must furnish all materials, labor, equipment and transportation necessary to satisfy the requirements specified in this Division and/or indicated on the drawings.

2. Care and Handling - The contractor must provide protection for the engine generator associated equipment from weather, dust, and physical damage.  He must also be liable for all damage while transporting or handling the engine generator associated equipment to the building while installing same until final inspection and acceptance.

3. Materials and Workmanship
a. Materials - Where the drawings indicate, (diagrammatic or otherwise) the work intended and the functions to be performed (even though some minor details are not shown) the contractor must furnish all equipment and materials other than government furnished items.  The contractor must be responsible for taking the necessary actions to insure that all equipment, material, and installation work are coordinated with, and are compatible with, the electrical and mechanical plans.  All materials and equipment to be acceptable, must comply with all contract requirements.  Materials furnished by the contractor under this specification must be new and the standard product of the manufacturer's latest designs that comply with the specification requirements.  Wherever standards have been established by Underwriters Laboratories, Inc., the materials must bear the UL label. Departures from exact dimensions shown in the drawings are permitted where required to avoid conflict or unnecessary difficulty in placement of the dimensioned items, provided all other contract and proposal requirements are met, however, the contractor must promptly notify the Resident Engineer of any such departure.
b. Workmanship - All installation work must be done by competent and experienced electricians regularly engaged in this type of work in conformance with established standards.  When required by local government, the airport authority or the electric utility the workman must have a current license to engage in this type of work.

4.  Wiring - The contractor must install all equipment as required for the engine generator installation in accordance with the applicable paragraphs of Section 7.1.  The contractor must run all conduits and wiring to the entrance switch or breaker, isolation switch, engine generator control cabinet, distribution panel, and disconnect switch in accordance with the installation drawings.  Install control and power wiring according to manufacturer's instructions and Project Drawings.

5.  Starting Battery - Dry charged battery, with electrolyte in separate containers, will be furnished by the Government.  Several hours before starting the set, or when so ordered by the Resident Engineer, the contractor must place the appropriate amount of electrolyte in the battery cells in accordance with the battery manufacturer's instructions and place on charge.  The contractor must make certain that the battery connections are not reversed so as to prevent damage to the charging rectifies and battery charging ammeter. Consult the engine generator wiring diagram.  

C.  Quality Assurance
1. General  -  The contractor must be responsible for placement of all electrical items related to the engine generator set.  The instruction relative to the installation, and the placing in operation of the engine generator electrical items as contained in the Operator's Manual or Instruction Book, furnished with the items must be followed.  The spare parts, special tools, and instruction book furnished with the items must remain in the engine generator van.

2. Phase Rotation - The contractor must make certain that the phase rotation of the generator is compatible with that of the incoming commercial lines.

3. Testing
a. Operational Test - Engine generator start-up and run time test is a contract responsibility of the engine generator supplier.  The contractor must connect the engine generator set, ready to operate, verify that the crank case is filled with the specified grade of oil, and verify that the cooling system and fuel tank are full.  Notify the Resident Engineer when the set is ready for operation.  Contractor must not attempt to start the engine generator.   Installation checkout and start-up will be by manufacturer's representative.  The contractor must have a qualified representative present during this test and perform any necessary labor, except that required to correct deficiencies in Government furnished materials.  Contractor must demonstrate, by means of operational test designated by the Resident Engineer, that the system including the isolation switch and associated equipment is complete and operational.  Test will require four hours of engine generator running time. 
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