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Upgrade Runway Visual Range System

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: _Toc394348571]1.0	GENERAL REQUIREMENTS 

[bookmark: _Toc394348572]1.1	Summary of Work 
This Statement of Work (SOW) covers the requirements for site preparation, trenching, power cable, control cable, conduit and grounding installation, crushed rock surfacing, paving, concrete foundations, installation of Government Furnished RVR towers, removal of existing towers and foundations, and various other items.

[bookmark: _Toc394348573]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, [Section X of SOW]
   c.	Project Specifications, [Section X of SOW]
   d.	Project Drawings
   e.	Reference Drawings

[bookmark: _Toc394348574]1.3	Government-Furnished Property (GFP) 
A. General - The contractor must take possession of all GFP listed on [Insert 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.  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 [Insert 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: _Toc394348575]1.4	Project Schedule 
A. Time of Performance - Work must be performed as necessary to complete the construction within forty five (45) 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 [number of feet] of the [Runway XX-XX] centerline (i.e. cable run to the Touchdown RVR) 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.

C. Construction Phasing - Construction of the new Touchdown RVR and preparation of new control cables for cut-over from the old system to the new system must be completed before the demolition of the existing RVR towers and foundation to minimize the length of time the RVR is out of service.

[bookmark: _Toc394348576]1.5	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.

[bookmark: _Toc394348577]1.6	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 BioPreferred 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.

[bookmark: _Toc394348578]1.7	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 disposal a minimum of 50% of non-hazardous waste and 50% of construction and demolition debris generated, to the maximum extent feasible. The Contractor must report non-hazardous waste 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.

[bookmark: _Toc394348579]1.8	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: _Toc394348580]1.9	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: _Toc394348581]1.10	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: _Toc394348582]1.11	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: _Toc394348583]1.12	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 [location]" 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 Lane County authorities.  In addition, the Contractor must provide evidence of Workman's Compensation Insurance equal to or exceeding $100,000.

[bookmark: _Toc394348584]1.13	Permits 
The Contractor must be responsible for obtaining all permits required for the work in this contract.

[bookmark: _Toc394348585]2.0	SITE WORK 

[bookmark: _Toc394348586]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. 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. 

C. 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.

[bookmark: _Toc394348587]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      
	 
C.  Excavation

1. Classification - All material excavated is unclassified and can be accomplished by trencher or backhoe.

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. 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.

4. 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.

5. Protection of Existing Underground Utilities - The Contractor must take all reasonable precautions to locate and protect existing underground utilities.  The Contractor is responsible and must repair, with equal material by skilled workmen, any underground utilities which are damaged by his/her workmen, equipment, or work.  Prior approval of the Contracting Officer must be obtained for the time of day or night, method of repairs, and for any temporary or permanent repairs the Contractor proposes to make.

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 as detailed in section 1.7 above.  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 be reasonably free of shale, sod, clods, and stones larger than 4 inches, organic debris, trash and frozen material.  Only materials suitable for obtaining the degree of compaction specified herein must be used.

a. 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.

3. 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.

E.  Boring Under Existing Pavement - The Contractor must excavate and backfill suitable boring pits and dry bore the ducts under the existing pavement as shown on the drawings.  No wet-boring or larger diameter pipe must be used which may undermine the integrity of the pavement.

The following soils information is from a test pit for Runway XX-XX at approximately Station XX+XX, XX' right, on [date]:   

Approx. Elevation - [X]', Approx. Sod Zone - [X]", No groundwater observed.  

0'-9' - Stiff, dark brown clayey SILT, low to medium plasticity, containing scattered cobbles and gravels in the upper 1 foot.

9'-lower - Loose to medium dense, brown, silty, fine to medium SAND, wet.

[bookmark: _Toc394348588]2.3	Access Roads, Site Surfacing, Base Course 
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. 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.
2. Aggregate Base and Surface Course Material for Roads and Site Surfacing (Crushed Aggregate) - The aggregate surface course (1 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.

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 requirement.  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: _Toc394348589]3.0	CONCRETE 
[bookmark: _Toc394348590]3.1	Concrete Forms 
A. General - The Contractor must provide all labor, equipment and materials as required locating and placing concrete forms specified or shown on Project Drawings.  All concrete must be formed.
B. Material
a. 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.

b. 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 1/2 inches for steel ties and 1 inch for stainless steel ties.  Twisted wire ties must not be permitted.

c. 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: _Toc394348591]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.

C. 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.

D.  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.

E.  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.

F.  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.

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

[bookmark: _Toc394348592]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, wherever feasible, 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 thePressure 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.

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

b. 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.

2. 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 Â« 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 tamped with suitable tools to force coarse aggregate down from the surface, screeded 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.  Exposed surfaces must be covered with burlap, cotton, or other approved fabric or sand.  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 will be arranged 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.

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: _Toc394348593]4.0	ELECTRICAL 

[bookmark: _Toc394348594]4.1	General Requirements 
A.  Scope - This section covers the general electrical requirement, and furnishing of all materials for electrical installations.
1. Rules - The installation must conform to this specification and to the applicable rules of the National Electrical Code, local code, or FAA Standard, whichever requires the highest quality of material and workmanship.

2. Workmanship - All materials and equipment must be installed in conformance with the contract documents and in accordance with the recommendations of the manufacturer as approved by the Contracting Officer.  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 drawings indicate the work intended and the functions to be performed, even though some minor details are not shown, the contractor must furnish all equipment, material and labor to complete the installation and accomplish all the indicated functions of the electrical installation. 
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.

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
J-C-30 - Cable and Wire, Electrical (Power, Fixed Installation)
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-C-1094 - Conduit and Conduit Fittings; Plastic, Rigid
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)
W-P-115 - Panel, Power Distribution
W-S-610 - Splice, Conductor
W-S-865 - Switch, Box (Enclosed), Surface - Mounted
WW-C-566C - Conduit, Metal, Flexible
WW-C-581 - Conduit, Metal, Rigid; and Coupling, Elbow, and Nipple, Electrical Conduit:  Zinc Coated 
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 Wireways, Auxiliary Gutters and Associated Fittings
UL 651 Schedule 40 and 80 Rigid PVC Conduit
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A.  General - The Contractor must furnish all materials not specifically shown on the list of Government Furnished Material.  All materials for installation in wet locations must be listed and labeled by the Underwriters Laboratory (UL) as suitable for wet locations.  All other material provided by the contractor must bear the label of UL if the materials are normally evaluated and labeled by UL.

B.  Conductors
1. Uninsulated Conductors - Uninsulated conductors must be copper in accordance with Federal Specification QQ-W-343.  Conductors #6 AWG and smaller must be solid and conductors #4 AWG and larger must be stranded.

2. Insulated Conductors - Insulated conductors must be copper with thermoplastic or thermosetting insulation, type USE for all aboveground and underground use and must be insulated for 600V in accordance with Federal Specification J-C-30.  Conductors #10 AWG and smaller must be solid, and conductors #8 AWG and larger must be stranded.  Minimum branch circuit conductor size must be #12 AWG.

3. 600-Volt Power Cable - All power cable furnished for installation in underground conduit must be soft drawn or annealed copper conductor, type THWN, cable rated at 600 volts minimum and meeting the requirements of ICEA S-68-516.           

4. Control Cable - All control cables must be copper shielded, insulated, and jacketed in accordance with Specification FAA-E-2072b.  Minimum control wire size must be #14 AWG unless noted otherwise.

5. Pulling Tension - Cables to be pulled into underground ducts must have manufacturers 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.

C.  Conduit - Conduit must be of the types indicated on the applicable 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).
1. Conduit Bushings - All conduit bushings must be specification grade, insulated type, of malleable iron or steel, zinc plated, with conduit end stops 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.

2. Galvanized Rigid Steel (GRS) - Rigid steel conduit is used in all locations.  For installation underground, the conduit must be factory coated with either .063 inch of coal tar enamel, or must be field wrapped with .01 inch thick pipe wrapping plastic tape designed for this purpose and applied with 50% overlap.  Method used requires prior approval by the Resident Engineer.  All fittings for use with rigid steel conduit must be of threaded type of the same material as the conduit.  Where conduits enter NEMA type boxes or cabinets without threaded hubs, grounding type double locknuts plus a phenolic insulated bushing or a metallic grounding bushing must be used on the open end.  For all other types of boxes and cabinets, use grounding hubs.  Conduits must be water-tight.

3. Electrical Metallic Tubing (EMT) - EMT must conform to Federal Specification WW-C-563.  EMT may be used only with the frangible couplings.  Fittings to be used with EMT must be compression fittings only designed for use with this type of conduit.

4. Rigid Non-Metallic Conduit (PVC) - All rigid plastic conduit must be installed in accordance with the manufacturer recommendations.  Unless shown otherwise on the drawings, rigid non-metallic (PVC) conduit must be used for underground duct or as protection for grounding cables only.

5. 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 ground conductor must be provided across all flexible conduit connections, in addition to the equipment grounding conductor, run in the conduit with its related power conductors.  This conductor must be bonded to the connecting devices at each end of the flexible conduit.
    
D. 	Safety Switches - Safety switches must conform to Federal Specification W-S-865, and must be type "HD", heavy duty, unless otherwise indicated.  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. Switches must be furnished without safety interlocks or the cover must be able to be opened with the switch in the ON position.  Switches must be provided with a means to be locked (padlocked) in the ON position.
1. Fuses - A complete set of standard 30A time delay, dual-element type fuses must be installed and three sets 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 100,000 amps when used in branch and distribution circuits, and not less than 200,000 amps when used in a service entrance switch.

E. 	Panelboards - Panelboards must conform to Federal Specification W-P-115 Type I, Class I, mounted in NEMA 3R enclosures and must be listed by U.L.  All panelboards must have a piano hinged door-in-door cover.  All door hinges must be concealed.  Door must have a flush type cylinder lock and catch.  Doors over 48 inches in height must have auxiliary fasteners on top and bottom.  Directories must be typed to indicate the load served by each circuit and must be mounted in a holder with protective covering.  The directory must be arranged so that the typed entries simulate the circuit breaker positions in the panelboard.
1. 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. Circuit breakers must be rated for the voltage of the circuit on which they are used, and must a minimum interrupting rating of 10,000 amperes, symmetrical for branch breakers, and 22,000 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 breaker must not be capable of fitting in a single housing.  Multipole circuit breakers must have an internal common trip mechanism.  All circuit breakers and the panelboards in which the breakers are installed must be made by the same manufacturer.

2. Bus Bars - Buses must be copper.  Bus capacity must be as indicated on the drawings.
 
F.  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 phase, and any other pertinent information.  Switches for local lighting must not be identified.

			Non-fused switches
   			Fused switches
    			Self-enclosed circuit breakers

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.

G.  Framing Members - Metal framing to support electrical equipment must be made of low carbon strip steel cold formed into channels.  The framing system must be made by an approved manufacturer and must be made from single and double channels.  One side of the channel must have a continuous slot with in-turned clamping ridges for securing attachments with a hardened toothed slotted spring nut.  Channel material must be 0.105" thick and the individual channel dimensions must be 1 5/8" x 1 5/8".  Channels and fittings must be hot-dipped galvanized after being roll formed.  Nuts and bolts used for frame fabrication and equipment mounting must be electro-galvanized finished.

H.  Boxes - Boxes installed in wet locations or exterior boxes must be the cast metal hub type conforming to Federal Specification W-C-586.  Interior boxes can be one piece galvanized steel type conforming to Federal Specification W-J-800.  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.  Where not sized on the drawings, boxes must be sized in accordance with the NEC.

I.  Outdoor Receptacles - Receptacles must be UL Listed and conform to NEMA standard WD1.  Receptacles must be duplex, 120V, 15A, specification grade, with ground fault circuit interruption protection and side wired with two screws at each terminal. UL Group I, Class A. Receptacles must be installed in a weatherproof box with a weatherproof cover.  The cover must have spring return doors.  Receptacles must be mounted a minimum of 2'-0" above finished grade unless otherwise noted.  Each outlet box must have a machine screw which fits into a tapped hole in the box for the ground connection.  Receptacles must be grounded by the installation of a green pigtail from the ground screw to the lug on the box where the green wire ground is connected.

J.  Warning Tape - Plastic warning tape must consist of a 4 mil inert plastic film specifically formulated for prolonged use underground.  The tape must be color coded RED and must be a minimum of 3 inches wide.  It must be highly resistant to alkalis, acids, and other destructive agents found in the soil.  The warning tape must have a minimum tensile strength of 20 lbs. per 3 inch wide strip and a minimum elongation of 500%.  Tape must bear a continuous printed message repeated every 16 to 36 inches warning -

		CAUTION ELECTRICAL LINE BURIED BELOW

K.  Other Materials - All materials not specifically described but required for a complete and proper installation of the work must be selected by the Contractor subject to the approval of the Resident Engineer.

L.  Quality Assurance Provisions
1. 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.

2. 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.
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A.  General - The rules, regulations and reference specifications referenced herein must be considered as minimum requirements for the work.  All materials and equipment must be installed in accordance with the contract drawings and the recommendations of the manufacturer as approved by the Resident Engineer.

B.  Construction Site Preparation - It is the responsibility of the Contractor to totally familiarize themselves with the scope of the work involved and to coordinate their work with the other trades and personnel involved with the job site.

C.  AC Power Surge Protection - The arrestor must be installed adjacent to (within one foot) of the shelter distribution panel.  The arrestor must be wired in a manner that avoids sharp bends and keeps bends to a minimum.  The arrestor must be connected in a manner recommended by the manufacturer.

D.  Installation of Conduit - Conduit must be plugged during construction to prevent to prevent entrance of foreign material.  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.  All conduits entering an exterior wall or floor of an equipment shelter must be sealed internally with a waterproof conduit sealer.  The sealant must be a UL approved conduit sealant.  In addition, a seal must be made around the conduit penetration by means of a silicone caulking.  All connections of exterior conduits to the tops of boxes must be made with weatherproof hub fittings.  The ends of unused conduit must be closed with a capped bushing, threaded plug, or plastic plug designed for the purpose.
1. Conduit Depth Requirements - Unless otherwise specified, all conduit must be installed 24" minimum below finished grade.

2. Conduit Separation - Power cables with the same voltage rating may be laid together in the same trench without separation.  Power cables of less than 600 volts must be separated from power cables of more than 600 volts by a minimum of 6 inches.  Power cables must be separated from control cables by a minimum of 6 inches. Control cables may be installed together without separation.

3. Conduit Guard Wires - Where indicated on the drawings, the Contractor must install guard wires to protect underground conductors from the effects of lightning discharges.  Guard wires must be direct earth buried.  Each guard wire must be a bare solid No. 6 AWG copper conductor installed not less than 10 inches above the buried ducts.  One guard wire must be installed above the centerline of conductor or duct run.  Guard wires must be grounded at each end of the duct run to a 3/4 inch by 10-foot long copper-clad ground rod driven not less than 12 inches below grade.  Ground rods must be installed 6 feet from the duct installation and must be connected to the guard wires with No. 2 AWG bare copper conductors.  All connections to the ground rods and guard wires must be exothermic welds.

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

5. 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 and within 3 feet of termination at junction box, panelboard or raceway.

E.  Cable Installation in Conduit - The Contractor must take all necessary precautions to insure 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.
1. Loops - A cable loop must be made at all splices, handholes and cable entrance into underground conduits. The cable loop must be installed at the same depth as the cable run.  The loop must be approximately three feet with bends whose inner radius is not less than twelve times the outside diameter of the cable.

F.  Power and Control Cable Splicing - Cables must be spliced only if required due to the lengths provided.  Splices must be made only at handholes, junction boxes or accessible raceways.
a. 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.

b. Cable Preparation - For maximum adhesion of splicing materials to the cable jacket the jacket must be buffed with a non-conductive abrasive cloth or brush and cleaned with a trichlorethane type solvent.  Conductors must be joined with a compression connector using a compression tool which is designed to require a complete compression of the connector before the tool can be removed.  Torque splice bolts in accordance with [Insert your document].  In multiconductor cables the connectors must be staggered uniformly throughout the splice.  AWG 19 telephone or control conductors must be twisted and installed with the specific tool designed to crimp the connector.

c. Power Cable Splice - For multiconductor cables apply three half-lapped layers of insulating tape over the splice connector of each conductor.  Use heavy wall, self-sealing, and heat-shrinkable tubing to provide a completely waterproof jacket over the splice area.  Submit manufacturers catalog information including required heat source to the Resident Engineer for approval prior to start of splice work.  Splicing kits designed specifically for the type of cable involved may also be approved by the Resident Engineer.

d. Control Cable Splicing - Shielded cables must have the shielding bonded across the splice area by applying one spiraled wrap of electrical grounding braid and connecting the braid to the cable shielding around its entire circumference on both ends.  Installed in a manner that is acceptable to the Resident Engineer.  Any rough or sharp exposed ends of shielding must be removed and one half-lapped layer of high voltage insulating tape applied prior to application of the waterproof jacket material referred to in the preceding paragraphs.  Splicing kits designed specifically for the type of cable involved may also be approved by the Resident Engineer.

2. Color Coding of Power Conductors -
a. 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 must be identified at their terminations by a distinctive white marking such as tape.

b. 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.

c. Phase Conductors - Phase conductors must be color coded as follows:

	120/240 Volts

	Line 1 - Black
	Line 2 - Red

	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 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 circular, not less than two inches in diameter and copper not less than .020 inches thick or lead not less than .0625 inches thick.  Printed letters not less than 1/4 inch must be stamped into the tag.  One-eighth inch nylon 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").

H. 	Grounding - The grounding system for the facility must be as indicated on the contract drawings and as specified herein.  The National Electrical Code, except where otherwise indicated hereinafter, must govern but in no case must the Code be violated.  This section must cover grounding electrode and grounding conductor requirements.
1. 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 drawings.  See 3.3 G for color coding of 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 nonconducting materials prior to 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.  Ground bushings must be required in all metal conduits penetrating shelter exterior. Connections to ground electrodes and all other underground connections must be exothermic welded except at access pits.  Connections at access pits must be made using pressure connectors or clamps.

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

J.  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.

K.  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 contracting officer 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 30 megaohms measured with a 500 volt insulation resistance tester.

2. Neutral Isolation Test - After installation of all branch circuits, the neutral in the service entrance switch 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. Reading must be equal to or greater than 20,000 ohms.

3. Grounding Electrode Test - Contractor must measure the earth electrode grounding resistance of the installed counterpoise.  Test must be a 3 point earth resistance test.  The maximum resistance acceptable must be 10 ohms.
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