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Project Specific Special


SECTION 660
SIGNALS AND LIGHTING

Special Provisions 

660-1.01 DESCRIPTION.  Add the following:  This work shall also include installing video detection, Emergency Vehicle Preemption (EVP) detection, traffic signal communication systems, and additional work and materials as noted or detailed on the Plans.

660-1.02 DEFINITIONS.   Revise the first sentence to read:

Use the definitions in NEMA TS 2-2003 V02.06, Traffic Controller Assemblies With NTCIP Requirements, Section 1, Definitions, along with the following:

Under item 2 Luminaire. Revise the second sentence to read:

Luminaires consist of hood (including socket, lamp, and ballast), reflector, and glass globe or refractor.

660-2.01 MATERIALS.
1.
Equipment List(s) and Drawings. Delete item a in its entirety and the last sentence in item d and substitute the following:
a.
Materials on the Approved Products List: The Approved Products List does not apply to the 660 items.  Provide catalog cuts of materials to the Engineer for review and approval.

d.
Materials Not Requiring Certification: Only submit these materials for review and approval if they are included on the Materials Certification List (MCL).

2.
As-Built Plans.  Add the following:  Place 1 copy of the controller cabinet diagram, detector assignment sheet and the intersection and phase diagram as reviewed by the Engineer in clear plastic envelopes and attach to the inside of each controller cabinet.


CONSTRUCTION REQUIREMENTS

660-3.01 GENERAL.  In Item 1, Scheduling of Work. Add the following to the first paragraph:

Contact the regional Traffic Signal Technician DOT&PF 24 hours in advance of work on a signal or lighting system. Contact shall be made through the Engineer.

After staking pole foundations, verify there will be no overhead or underground utility conflicts with foundations, poles, mast arms, or conduits.  Locate and protect existing underground and overhead utilities.  The location of cables, conduits, J-boxes, foundations and poles that are shown on the Plan sheets are approximate and it is the Contractor’s responsibility to verify the actual location when working in the area.  See subsection 105-1.06.

Existing signing and traffic markings shall not be allowed to conflict with new signal modifications.  New signing and traffic marking modifications shall not conflict with existing signals and shall be kept current with signal modifications.

Conduct work with the existing traffic signal systems remaining in operation unless authorized otherwise by the Engineer.

Incidental materials and other items that are not shown on the Plans, assembly drawings, or specified herein, that are necessary to complete the system, must be furnished and installed as though such materials and other items were shown on the Plans, assembly drawings, or specified herein.

Protect metallic materials against corrosion.  Hot-dip galvanize ferrous metals such as bolts, braces, bodies, clamps, fittings, guards, nuts, pins, rods, shims, thimbles, washers, and miscellaneous parts not of corrosion resistant steel, according to ASTM A 123 or A 153, except where other equivalent protection treatment is specifically approved in writing by the Engineer

In Item 2, Safety Precautions. Add the following

Existing circuits listed on the wiring diagrams and Plan sheets were obtained from as-built information and must be verified before work involving those circuits.

Delete items 3 through 8 in their entirety and substitute the following:
3.
Excavating and Backfilling. Complete excavation and backfill required to install the signal and lighting components embedded in the roadway as shown in the Plans, including foundations, conduits, junction boxes, and loop detectors before final lift paving.  Provide traffic control to complete this work according to the requirements of Section 643.  Place excavated materials where it will not interfere with surface drainage.

Support and protect conduits and utilities scheduled to remain in service when encountering them during excavation.

Excavate trenches wide enough to install the number of conduits specified side by side, to provide clearances of at least 2½ inches around 2 inch conduits and at least 2 inches around conduits larger than 2 inches, and to compact the bedding and backfill materials according to these specifications.

To install conduits, excavate trenches deep enough to allow for 6 inches of bedding material, the depth of the largest conduit, and the minimum burial depth specified between the top of the conduit and finished grade of the ground above the conduit.  Keep the longitudinal profile of trench bottoms free of irregularities that would prevent the assembled conduit run from continuously contacting the top of the bedding material.

When conditions allow HDPE conduit to be installed by a plowed technique, restoring the area disturbed from the process, shall be accomplished according to subsection 203-3.03. Density testing may be waived and compactive effort substituted at the discretion of the Engineer.  This work is subsidiary to conduit installation.  Use selected material type A for backfill.

Dispose of, according to subsection 203-3.01, excavated materials that remains after completing backfill work and excavated material not meeting the requirements of Selected Material, Type C, as defined in subsection 703-2.07.

Dewater foundation and conduit excavations immediately before and during embedding and backfilling operations.  Backfill excavations with materials that meet the following requirements

a.
Backfill foundations with material that meets the requirements of Selected Material, Type A that passes through a 3 inch sieve.


b.
Within the limits of the typical section, embed conduits and backfill trenches using material that meets the requirements of the lift where it is located, reusing excavated materials if it meets the requirements of the applicable lift, 

c.
In other locations, embed conduits and backfill trenches using material that meets the requirements of Selected Material, Type C, reusing excavated materials if it meets this requirement.

d.
Import, when ordered, embedment and backfill materials that satisfy the preceding materials requirements.

Embed conduit(s) between two 6 inch lifts of material gleaned free of rocks exceeding a 1 inch maximum dimension.  Grade and compact the first lift to provide a surface that continuously contacts the assembled conduit run.
Within 6 feet of paved surfaces and around foundations, backfill in uniform layers no more than 6 inches deep and compact each layer according to subsection 203-3.04.  In other locations, compaction may be as approved by the Engineer.  

4.
Welding.  Complete welding according to subsection 504-3.01.8. Welding and approved shop drawings.  

Submit shop drawings of the proposed work with the welding plans for approval.  The shop drawings shall include material specifications, component dimensions, the types of welds that will be made, and the proposed type and extent of weld inspection.

Repair the holes that were used to mount equipment, in reused poles and mast arms by welding in disks flush with the adjoining surface.  For the disk material, use steel that matches the ASTM designation, grade, and thickness of the steel used to fabricate each pole.  Cut disks that match the dimensions of the hole being repaired from pieces of steel plate bent to match the pole’s radius at the hole.  Grind the welds smooth and flush with the adjoining pole and disk surfaces.  Repair the damaged finish according to subsection 660-3.01.8.

5.
Removing and Replacing Improvements.  The Contractor shall complete the following work at the Contractor’s expense.

a.
Remove improvements that block completion of the work detailed in the Plans as specified herein.

b.
Reconstruct with new materials the nonreusable improvements the Contractor removed to complete the work, unless other items in the contract cover the improvements. 

c.
Replace with new materials the reusable items damaged by the Contractor, that are specified for reuse. 

d.
Reconstruct with new materials improvements that the Contractor damaged or removed, that does not conflict with the work and are not scheduled for removal. 

Nonreusable improvements consist of cast in place items, including: asphalt concrete pavement, sidewalks, curb and gutter, lawns, and traffic markings.  Reusable improvements include the items that were made before installation.  Crushed aggregate base material may not be used as backfill in the base course if excavation depth exceeds the thickness of the base course.

Complete reconstruction work, including materials, according to the applicable sections of the Alaska SSHC, and leave the work in a satisfactory and serviceable condition.  In completing the reconstruction work, match the alignments, widths, thicknesses, shapes, sizes, cross sections, and finishes of the existing improvements.

If removing a portion of sidewalk or curb and gutter, remove an entire segment between the weakened plane contraction joints or between an expansion joint and a weakened plane contraction joint.

Before removing a segment of Portland or asphalt cement concrete material, cut completely through the material with a saw along the outline of the area to be removed.  Make cuts neat and true and prevent shatter outside the area removed.

To replace lawns, leave the top of the backfilled excavation low enough to install 4 inches of compacted topsoil.  Match the top of the topsoil with the bottom of the vegetative mat. Apply seed and keep the seeded areas watered according to Section 618. 

Remove, keep alive, and replant trees, shrubs, and plants according to Section 621.  Replace the trees, shrubs, and plants that do not survive with plants of like size and type.

6.
Salvaging and Reusing Electrical Equipment.  When the Plans include existing electrical equipment scheduled for removal or relocation, remove and store the equipment listed in the following paragraph without damaging it.  Deliver removed equipment not scheduled for reuse to the nearest District Maintenance Station or place specified in the Plans or Special Provisions.  Notify the district superintendent or person specified by telephone one week before planned delivery date.

Salvage the controller assemblies, signal heads, mounting brackets, luminaires, lighting standards, signal posts and poles, mast arms, optical detectors, load centers, light emitting diode optical units, and the lids of junction boxes scheduled for removal and other materials scheduled for relocation.  The Contractor shall replace at the Contractor’s expense salvaged equipment damaged or destroyed before or during delivery or reinstallation.  

Controller assemblies and load centers include the cabinet and equipment contained in the cabinet before Contract award.

Remove from the highway right-of-way materials associated with the equipment removed or relocated and not scheduled for reuse, including conduits, junction boxes, conductors, and foundations.  Raze the tops of foundations abandoned in place according to subsection 660-3.02.  Fill the holes left by removing junction boxes and foundations with selected material type A and compact as directed.

With approval, after removing conductors, buried conduits that do not interfere with other construction may be abandoned in place with a credit taken by the Department.  Remove the ends of abandoned conduits from the junction boxes that will remain in service.

Within 15 days of the Notice to Proceed, complete an inventory of the materials that will be salvaged in the presence of the Engineer.  Note the location and condition of the materials.  When material specified for reuse is found in an unserviceable condition, the Engineer will determine whether to repair it or replace it with new material that will be paid for as extra work under subsection 109-1.05.  Retain a copy of the inventory and give the original documents to the Engineer.

When the Plans specify reinstalling existing equipment at new locations and installing State furnished equipment, complete the following work at the Contractor’s expense.  

a.
For poles, install new foundations, furnishing the new nuts, bolts, washers, and conduits needed to complete the installations.

b.
For lighting poles, install new illumination tap wires and fused disconnect kits.

c.
For luminaires, clean the luminaires inside and out and install new lamps of the same wattage.

d.
For signal heads, furnish and install the mounting brackets needed to complete the relocation, and clean the signal heads inside and out.

e.
For poles and undisturbed poles from which the Plans specify removing equipment, repair the holes that were made to mount equipment according to subsection 660-3.01.4.  Welding and repair the finishes according to subsection 660-3.01.8.

When ordered, the Engineer will pay for repairing damaged finishes on existing equipment according to subsection 660-3.01.8 as extra work.  

If deciding to use new equipment rather than reusing the equipment specified, notify the Engineer of the change and include a submittal according to subsection 660-2.01.1.

Deliver the salvaged materials undamaged to the State Maintenance Yard at:


5300 East Tudor Road in Anchorage, Alaska.  Notify Mark Kastens, Electrician, or Chuck Swenor at 338-1466 one week before the planned delivery date.

7.
Field Tests.  Electrical circuits must pass the following tests before the Engineer will accept the work for payment.  Perform these tests in the presence of the Engineer, and document the results of each test on a per circuit basis.  Retain a copy of test results and give the original documents to the Engineer.  Furnish equipment needed to perform these tests.  

Replace or repair at the Contractor’s expense, and in an approved manner, faulty materials and work revealed by these tests.  After making repairs, repeat tests on the repaired circuit and continue this process until circuits have passed required tests.  The Department reserves the right to have the Contractor retest circuits, and to use the retest results to accept or reject individual circuits. 

a.
Grounds. Before completing the circuitry and functional tests, physically examine conduits ends, junction box lids, load centers, and the foundations for signal posts and poles, lighting poles, and controller cabinets to ensure the grounding system required by subsections 660-3.06 and 661-3.01 has been installed and splices and connections are mechanically firm.

b.
Continuity.  Test each loop detector circuit for continuity at the roadside junction box before splicing the loop detector to the lead-in cable.  Each loop detector must have a resistance less than 0.5 ohms.

After splicing the loop detectors to the lead-in cables, test each pair at the controller or detector cabinet.  Each pair must have a value less than 5 ohms for single pair lead-in cables and 10 ohms for multipair lead-in cables.  The continuity test ohm reading at the cabinet must be greater than the ohm reading measured for the loop detector at the junction box.

c.
Insulation Resistance (megohm) Test.  Complete this test to verify the integrity of each conductor’s insulation after pulling the conductors and cables into position and before terminating the conductors.  At 500 volts DC, each conductor’s insulation shall measure a minimum resistance of 100 megohms or the minimum specified by the manufacturer.  With single conductors, complete the test between each conductor and ground.  In each multiconductor cable, complete the test between conductors and between each conductor and ground.  

After splicing the loops to the shielded pairs in the lead-in cables, measure each pair in the lead-in cables at the controller or detector cabinet between one conductor and the cabinet ground rod.  

d.
Inductance Test. Measure each detector loop and lead-in cable system at the controller or detector cabinet.  The inductance must be in the range of 50 to 500 microhenries.

e.
Circuit.  Energize every signal indication circuit with lamps installed before installing the load switches.

f.
Functional.  Perform the following tests on each signal and lighting system after the component circuits have satisfactorily passed the tests for continuity, grounding, insulation integrity, and circuitry.

1)
For each new traffic signal system, complete at least 24 hours of flashing operation, followed by not less than 5 days of continuous, satisfactory operation.  The Engineer may decide to omit the flashing portion of the test for modified signal systems and for new signals that replaced existing signals that remained in operation during the construction phase. 

If the Engineer omits flashing operation and the system performs unsatisfactorily, correct the condition and repeat the test until the system runs for five days with continuous, satisfactory operation.

Begin the signal functional tests between 9:00 a.m. and 2:00 p.m. on any day, except a Friday, Saturday, Sunday, a legal holiday, or the day before the legal holiday. 

Before each system turn on, aim signal faces according to subsection 660-3.08 and ensure equipment specified in the Plans is installed and operable, including: pedestrian signals and push buttons; signal backplates and visors; vehicle detectors; highway lighting; and regulatory, warning, and guide signs.
2)
Perform the functional test for each highway lighting system and sign illumination system until the systems burn continuously 5 days without the photocell, followed by a 5 day operational test using the photocell.
3)
Perform the functional test for each flashing beacon system for not less than 5 days of continuous, satisfactory operation.

4)
Perform a continuous 5 day burning test on each pedestrian overpass and underpass lighting system before final acceptance.

A shut down of the electrical system due to a power interruption does not constitute discontinuity of the functional test if the system functions normally when power is returned.

8.
Repairing Damaged Finishes.  Examine new, reused, and State furnished equipment for damage to its finish before putting the equipment into service.  Repair the damaged finishes found according to the following:

a.
Galvanized.  Repair damaged areas more than 12 inches away from welds and slip fit areas, by applying a minimum 7.8 mils of zinc based alloy applied according to ASTM A780.

If the damaged areas are within 12 inches of welds and slip fit areas, make the repair by applying a minimum 7.8 mils of zinc rich paint applied according to ASTM A780.

b.
Painted.  Repair damage to painted finishes according to the following

(1)
Wash the equipment with a stiff bristle brush using a solution containing two tablespoons of heavy duty detergent powder per gallon of water.  After rinsing, wire brush surfaces to remove poorly bonded paint, rust, scale, corrosion, grease, or dirt.  Remove dust or residue remaining after wire brushing before priming.

(2)
Factory or shop cleaning methods may be used for metals if equal to the methods specified herein.

(3)
Immediately after cleaning, coat bare metal with pretreatment, vinyl wash primer, followed by 2 prime coats of zinc chromate primer for metal.

(4)
Give signal equipment, excluding standards, a spot finishing coat on newly primed areas, followed by 1 finishing coat over the entire surface.

(5)
Give nongalvanized standards 2 spot finish coats on newly primed areas.

Paint coats may be applied either by hand brushing or by approved spraying machines.  Perform the work in a neat and workmanlike manner.  The Engineer reserves the right to require the use of brushes for the application of paint, should the work done by the paint spraying machine prove unacceptable.

Add the following new item 9:
9.
Regulation and Code.  Complete work according to the standards of the NEC, the NESC, and local safety codes as adopted and amended by the Authority Having Jurisdiction.

660-3.02 FOUNDATIONS.  Under item 1.  Cast-in-Place Foundations add the following to the first paragraph:  Locate the tops of traffic signal post and pole foundations flush with the adjacent finished:  walkway, shoulder, or surrounding ground.

1.
Cast-in-Place Foundations In subparagraph f, revise the second sentence to read:  Before placing the form or reinforcing steel cage, remove loose material to ensure the foundation rests on firm, undisturbed ground.

In the second sentence of sub-item i delete “prior to grouting.” and substitute ”before attaching the skirt.” 

In the first sentence of subparagraphs j. delete “concrete pile caps” and add, ”foundations.”

and add the following to the end of the paragraph:  Protect foundation anchor bolts from damage before installing controller cabinets.  The Engineer must approve the method used for protection.  This work does not relieve the Contractor of responsibility specified under subsection 107-1.15.

Delete item k and add the following new items k and l:
k.
Install the bottoms of the bottom leveling nuts in a level plane within 1 inch of the top of foundations.  Adjust nuts until their tops form a level plane.  Install one washer on top of leveling nuts and, after setting the pole on these washers, install one washer under top nuts.

Bring leveling nuts (bottom nuts) to full bearing on the bottom of the base plate.

Generously lubricate the bearing surface and internal threads of top nuts with beeswax.  Tighten top nuts to a “snug” condition.  Use a click type torque wrench to apply 600 foot-pounds of torque to the “snug” top nuts.  


After torquing the top nuts, use a hydraulic wrench to rotate top nuts an additional one sixth (60o) turn, while preventing the leveling nuts from turning.  

l.
Attach a 4 AWG, bare, solid copper wire as a grounding electrode conductor to the #4 spiral bar in the reinforcing steel cage.  Use an irreversible compression connector or cadweld to make the attachment.  Protect the attachment during concrete placement.  In foundations that lack reinforcing steel cages, install 21 feet of coiled 4 AWG, bare, solid copper wire as the grounding electrode. Route the conductor to protrude near the top, center of the foundations.  Slide a minimum 6 inch long, nonmetallic, protective sleeve over the conductor.  Allow 1 inch of the sleeve and 24 inches of conductor to protrude from the foundations. 

2.
Pile Foundations.  Add the following new subparagraph:  

g.
Use no more than one splice per foundation.  Locate the splice at least 10 feet from the top of pile.

Add the following new subsection:

4.
High Tower Foundations.  Furnish pipe piles that conform to API 5L X 52 and feature the diameter, minimum length and wall thickness shown on the Plans.  Furnish seamless piles or piles with a single longitudinal seam that is electric resistance welded.  

Complete welding according to subsection 504-3.01.8 Welding.  Submit a shop drawing of the work with the welding plan.  Furnish Quality Control inspection to ensure materials and workmanship meet contract requirements.  Visually inspect (VT) 100% of each weld and inspect 100% of full penetration welds by ultrasonic NDE (UT).

Furnish anchor bolts that conform to ASTM F1554, grade 55, and meet the supplementary Charpy V-Notch requirements listed in subsection S4 of the specification. Furnish each anchor bolt with three nuts and two washers.  

Secure the anchor bolts to ensure they do not move during concrete placement.  Replace, with no additional compensation, concrete pile caps with anchor bolts that do not match the base plate of the pole or are out of plumb.  The Department will not allow modification of the anchor bolts or base plate to get the base plate set on the leveling nuts.

Replace subsection 660-3.03 with the following:  
660-3.03 CONDUIT.  Electrical conductors shall be installed in conduit, except for overhead wiring, wiring inside poles, and when otherwise specified.  Use rigid metal conduits (RMC) and fittings for raceways, including bored casings, except when the Plans specify using polyethylene conduits.  Install conduits of the sizes specified along the routes detailed on the Plans.  When routing is not shown, route conduits as directed by the Engineer.

1.
Install conduits at least 30 inches below the finished grade of the ground above the conduit, except conduits that will be sealed under a minimum 4 inch thick Portland cement concrete sidewalk may be installed a minimum of 18 inches below the top back of curb or surface above the conduit, whichever is lower.  

2.
Install conduits that cross unpaved areas and paved roadways that will be overlaid in excavated trenches.  Excavate, bed conduits, and backfill trenches according to subsection 660-3.01.3, Excavating and Backfilling.

3.
Install conduit(s) under paved roadways and approaches that will not be overlaid by boring or drilling methods.  Jacking conduits into position is allowed.  However, if subsurface conditions prevent the successful completion of the work, install the conduit(s) by boring or drilling methods without additional compensation.

4.
Sweep both rigid metal and polyethylene conduits through the open bottom of junction boxes by installing 90 degree rigid metal elbows on the ends of conduit runs.  To each elbow, install a nipple that terminates 5 to 12 inches above the bottom edge of each junction box.

5.
Install the tails of loop detectors without elbows through the walls of junction boxes at elevations that ensure the loops drain into the box.  Extend the ends a minimum of 2 inches beyond the inside wall of the box.

6.
Drill a 3/8 inch drain hole in the bottom of the lower straight section of elbows and in the bottom of conduits at the low points of conduit runs.  Smooth the edges of the drilled holes on the inside of elbows to prevent scraping the conductors.  Cover the holes with a wrap of approved filter cloth secured with 2 self clinching nylon cable ties.  

7.
Keep conduits clean.  Install grounding bushings and approved plastic insert type plugs on the ends of conduit runs before backfilling around the conduit ends.  

8.
At the low points of conduit runs, install sumps containing a minimum 2 cubic feet of coarse concrete aggregate material that conforms to subsection 703-2.02.  Compact the aggregate sumps as directed to prevent settlement of the trench backfill.  

9.
Install conduits that must cross existing facilities such as storm drain pipes, duct systems, and other underground utilities at the minimum depths specified, going under the facilities if necessary.  Install additional drains and aggregate sumps at the low spots, if any.

10.
Position conduits in trenches, junction boxes, and foundations to provide clearances of at least 2½ inches around 2 inch conduits and at least 2 inches around conduits larger than 2 inches.

11.
Fabricate rigid metal conduits less than 10 feet long from standard lengths of conduit.  Cut conduits squarely to ensure the threading die starts squarely on the conduit.  Cut the same number of threads as found on the factory threaded ends.  Ream the inside of conduit ends cut in the shop or field to remove burrs and sharp edges.  Do not use slip joints or pieces of running thread pipe. 

12.
Coat drilled holes, shop and field cut threads, and the areas with damaged zinc coating with zinc rich paint.

13.
When standard couplings cannot be used to join conduit components, use approved threaded unions. 

14.
Bury a continuous strip of 4 mils thick, 6 inch wide polyethylene marker tape above underground conduit runs.  Install the tape 9 inches (± 3 inches) below finished grade, using two strips side by side to mark road crossings.  Furnish tapes with a black legend on a red background.  

15.
If encountering obstructions during jacking or drilling operations, obtain approval and cut small holes in the pavement to clear the obstruction.  Locate the bottom inside face of the bore pit no closer than the catch point of a 1¼ to 1 slope (a horizontal to vertical ratio) from the edge of pavement.  Do not leave these pits unattended until installing an approved means of protection.

16.
When the Plans specify using polyethylene conduit, install RMC in structures and foundations, between type 2 and 3 load centers and the nearest junction box, and on the surfaces of poles and other structures.

17.
In foundations, install 90 degree elbows and conduits of the size and quantity shown on the Plans.  Extend the conduits a maximum of 2 inches above the top of the foundations for posts and poles with breakaway bases and 4 inches above the top of foundations for fixed base structures.

18.
Seal conduits leading to electrical equipment mounted on soffits, walls, and other locations below the grade of the serving junction box with an approved duct sealing compound.

19.
Install expansion fittings in conduits that cross expansion joints.

20.
Install a polypropylene pull rope with a minimum 200 pound tensile strength in future use or spare conduits, and reinstall the plugs.  Double back at least two feet of pull rope into both ends of each conduit.

21.
The Contractor may install conduits larger than the sizes specified.  If used, it must be for the entire length of the run.  Reducing couplings or bushings are not allowed.  Complete work associated with installing conduits larger than specified without extra compensation.

22.
Clean existing conduits that will remain in service using a heavy duty air compressor that delivers at least 125 cubic feet of air per minute at a pressure of 110 pounds per square inch.  Clean the conduits before pulling in new cables and after removing cables to be removed or replaced as follows:

a.
When the conduits contain cables that will remain in service, leave the cables in place during the cleaning, and 

b.
Ream empty conduits with a mandrel or cylindrical wire brush before blowing them out with compressed air.

23.
When modifying existing conduit runs, complete the work as required for new installations using the same sizes and types of conduit.  When extending existing conduits, add no more than 90 degrees of horizontal bend to the extension. 

24.
When installing a junction box in a continuous run of existing conduit, remove a length of conduit in each conduit run and complete the work of installing the conduits, elbows, and nipples as required for a new installation. 

25.
When adjusting existing junction boxes to a new grade, remove cables and replace the nipples as required to provide the clearances specified for new installations.  

26.
Remove the ends of abandoned conduits from junction boxes that will remain in service.

27.
When Plans call for connecting polyethylene conduit to RMC use an electrofusion coupler rated for direct bury application. The coupler must be rated for same wall thickness as the adjoining conduits.  Thread the ends of the RMC with the same number of threads as found on the factory threaded ends of RMC.  Ream the inside of conduit ends cut in the shop or field to remove burrs and sharp edges.

Replace subsection 660-3.04 with the following:  
660-3.04 JUNCTION BOXES.  Install precast reinforced concrete junction boxes of the types specified.  For junction boxes that contain traffic signal conductors, furnish cast iron lids with the word TRAFFIC inscribed into them.  For junction boxes that contain lighting conductors exclusively, furnish cast iron lids with the word LIGHTING inscribed into them.

Junction Box Location

When shown, install junction boxes at the station and offset locations specified.  When lateral locations are not specified, install junction boxes 8 feet from the face of curb or edge of pavement.  If the 8 feet offset falls:

1.
In a pedestrian facility separated less than 7 feet from the roadway face of curb or edge of pavement, increase the offset and install the junction boxes on the backside of the facility. When lacking the right of way to install junction boxes outside the pathway, install at locations as directed, avoiding curb ramps, curb ramp landings, and the middle of walkways.  

2.
In a pedestrian facility separated at least 7 feet from the roadway face of curb or edge of pavement, reduce the offset and install the junction box next to the facility. 

3.
Outside the right of way, install the boxes just inside the right of way line. 

4.
In a raised median, install junction boxes near the center of the median. 

5.
In a ditch bottom or area that collects drainage, install the junction boxes at locations as directed. 

6.
Behind guardrails that shield slopes steeper than 3:1 (a horizontal to vertical ratio), install junction boxes between posts and at least 5 feet back from the face of rail. 

7.
On top of underground utilities or storm drains, install the junction boxes at locations as directed. 

Longitudinally, install junction boxes adjacent to the loop detectors or pole they serve, except avoid installing type 1A junction boxes in driveways and in locations subject to use by heavy trucks.  When shown near the ends of medians, install junction boxes at least 10 feet from the median end.  When the offsets for electroliers and flashing beacon posts place them near the junction boxes that serve them, install the junction boxes on the side of the electroliers and posts downstream of traffic flow.  

Limitations

Limit the distance between adjacent junction boxes to the following dimensions: 

1.
400 feet for conduits that contain signal interconnect cable only.

2.
300 feet for conduits that exclusively contain two loop lead-in cables.

3.
300 feet for conduits that contain a single cable other than signal interconnect.

4.
190 feet for conduits that contains more than one cable.

If the preceding limitations require installing additional junction boxes not shown on the Plans, the Engineer will pay for them as extra work, otherwise, installing additional junction boxes will be at the Contractor’s expense.

After grading the roadside, vertically adjust those junction boxes that do not conform to the following criteria.  In unpaved areas that will not be seeded, in areas adjacent to pedestrian facilities, and in paved medians, install the tops of junction boxes 1 inch below finished grade.  In seeded areas, install the tops of junction boxes to 2 inches below the seeded surface.

Bond junction box lids to an equipment grounding conductor according to subsection 660-3.06.  Attach the jumpers to the lids with brass or stainless steel hardware.
Install a stone drain under each junction box.  Drains shall consist of coarse aggregate for concrete that conforms to subsection 703-2.02.  Minimum drain dimensions include an 18” depth and a length and width equal to those of the junction box it drains.  Compact the aggregate material as directed to prevent junction box settlement.

In every new and reused junction box, install an electronic marker that consists of an antenna encapsulated in a 4 inch diameter red polyethylene ball.  Furnish markers that conform to the American Public Works Association standards for locating power, 3M Dynatel EMS ball marker model no. 1402-XR/, or equal.  Markers shall respond to locator devices up to 5 feet away, work at all temperatures, and contain no internal power source.

660-3.05 WIRING.  

Delete the second paragraph in its entirety and substitute the following:
Conditions

Do not pull conductors into conduits until the following conditions are met:  

a.
The prescribed clearances around conduit ends are provided,

b.
Crushed rock sumps are installed under junction boxes,

c.
Conduit ends protrude above the bottom of junction boxes within the prescribed range,

d.
New conduits are free of material that became lodged in them during the completion of the work,

e.
Reused conduits are cleaned according to subsection 660-3.03,

f.
Junction boxes are set to grade, and 

g.
Grounding bushings are installed on the ends of metallic conduits.

Delete item 3 in its entirety and substitute the following:
3.
Pull, as a unit, the conductors specified to be installed into clean conduits, leaving existing conductors that will remain in service in place.

Add the following line to Table 660-1 under subitem a. of item 9. 

	LOOP DETECTOR NUMBER
	COLORED PAIR

	Usually a spare pair
	Orange and Black


Delete subparagraph 11 and add the following:  

11.
Encapsulate illumination cable splices in rigid 2 piece plastic molds filled with an insulating and sealing epoxy resin.  Furnish molds large enough to complete the splices and encase the cable jackets in the epoxy resin.  Furnish molds rated for 600 volts AC operation and feature fill and vent funnels for epoxy resin.  Fill the splice mold bodies with epoxy resin that is resistant to weather, aromatic and straight chain solvents, and that will not sustain combustion.

When approved by the Engineer, 1 splice may be used in the following cases:

a.
An in-line splice may be used when a planned cable run exceeds the length available from the manufacturer on a single spool of cable.

b.
In a run of 1,000 liner feet or more.

When a cable is spliced it shall occur within an appropriately sized j-box or in the base of an electrolier designed for said splice.

12.
Encapsulate loop lead-in and telemetry cable splices in rigid, transparent, PVC molds filled with reenterable polyurethane electrical insulating and sealing compound.  Furnish splice kits rated for 1000 volts AC operation and direct burial.

Provide reuseable four piece molds that are held together with stainless steel hose clamps. Two pieces form a cylinder and two flexible end caps seal the ends and allow the conductor entry.  Use molds with dimensions suitable for the splice made, encase the cable jackets, and have fill and vent funnels.

Insert a loose woven polyester web that allows a full ¼ inch of insulating compound to flow between the splice and the inside of the mold.  Fill the PVC molds with reenterable polyurethane electrical insulating and sealing compound that cures transparent, is nontoxic, is noncorrosive to copper, and does not support fungi or mold growth.

Add the following items: 

18.
Retrofit reused poles with new tap wires, fused disconnect kits, and fuses.

19.
Whenever conductors can not be terminated as specified in the Plans in circuit breakers due to size, splice a piece of #8 AWG power conductor onto the end of each conductor using an overlap type, irreversible compression connector.  Insulate the splice with heat shrink tubing.  Complete the splice in the space between the top of the load center foundation and the bottom of the cabinet. Limit the length of the #8 AWG conductor to 5 feet.

20.
   Spare lighting conductors shall be capped in the pole bases and load centers by cutting the wire flush with the end of the insulation and bending the conductor back against itself and securing with three layers of electrical tape to prevent any possibility of making contact with ground or current carrying conductors.

Replace subsection 660-3.06 with the following:

660‑3.06 BONDING AND GROUNDING.  Bond and ground branch circuits according to the NEC and the following requirements.  Make noncurrent carrying but electrically conductive components, including: metal conduits, junction box lids, cabinets, transformer cases, and metal posts and poles, mechanically and electrically secure to an equipment grounding conductor.  Make fixtures mounted on metal poles, including signal components and luminaires, mechanically and electrically secure to the pole.

Install grounding bushings with insulated throats on the ends of metallic conduits. 

Install a bare stranded copper wire for the equipment grounding conductor in conduits, except those conduits installed for future use.  Install size 8 AWG grounding conductors, except in those conduits that contain circuit conductors larger than 8 AWG.  In this case, install a wire equal in size to the largest circuit conductor.  Attach the grounding conductors to the grounding bushings, leaving 12 inches of slack between each bushing.  Connect grounding conductors together using irreversible compression type connectors to form a fully interconnected and continuous grounding system.

Retrofit existing spare conduits that will contain new cables exclusively with new grounding bushings.  When the Plans require installation or removal of conductors from existing conduits, retrofit with new grounding conductors sized according to the preceding paragraph.  

Bond junction box lids to the grounding conductor using copper braid with a cross sectional area equal to an 8 AWG and eyelet spaced at 6 inch intervals.  Connect bonding jumpers to the grounding conductors using irreversible compression type connectors.  Replace missing or damaged conduit and junction box lid bonding jumpers.

Join the equipment grounding conductors from the conduits to the 4 AWG grounding electrode conductor using irreversible compression connectors at Portland cement concrete foundations.  For pile foundations, attach the equipment grounding conductor from the conduit to the pile cap adapter with a listed mechanical grounding connector.

When installing signal poles, signal posts, and lighting standards with frangible coupling bases, run a 45 feet long grounding conductor from the grounding bushing on the conduit to the grounding lug located in the hand hole of each pole.  

Bond slip base type standards and pedestals by using 2 conductors from the conduit, one attached with a ground rod clamp to an anchor bolt and the other connected to the grounding lug located in the hand hole of each pole.

Ground one side of the secondary circuit of a transformer.

Install a ¾ inch by 10 feet copper clad ground rod inside each controller cabinet foundation and a 6 AWG bare stranded copper wire for the grounding electrode conductor.
When routing a new conduit into an existing junction box or replacing an existing junction box, new and existing conduits shall have the grounding improved to current specifications.

660-3.07 TRAFFIC CONTROLLER ASSEMBLIES
In the 2nd subparagraph revise the first sentence to read: At the time the controller assembly is delivered submit the following for each assembly:  and add the following to the last sentence (1 paper copy and 1 electronic copy in Adobe pdf format) 

In the 3rd subparagraph replace “3.5 inch floppy” with “compact” 

Delete 1. Shop Tests. entirely and replace with the following: 

1.
Shop Tests.  The Controller Assembly manufacturer shall conduct a pretest of the cabinet and controller assembly. The pretest includes but is not limited to:

a.
Ensure the cabinet is free of paint scratches, dents, sharp edges, and other physical defect. 

b.
Ensure cabinet hinges, heater, ventilation system, lighting and door locking mechanism function properly. 

c.
Ensure that there are no shorts between AC+, AC- and GND anywhere in the cabinet. 

d.
Check that there is no continuity between AC+ and DC+.  

e.
Check for continuity between any green wire connection point and GND. 

f.
Ensure devices within the cabinet are labeled properly.

The Controller Assembly manufacturer shall conduct a final test of the cabinet and controller assembly.  Qualified Cabinet Test Technicians shall conduct the final test.  The final test includes but is not limited to ensuring proper operation of; flash colors & combination, standard controller phasing, pedestrian pushbutton isolation, MMU, circuit breaker/fuse operation, telemetry operation, loop panel/detector rack operation, EVP operation and, proper police & auxiliary panel operation.

Upon completing the final test the cabinet shall be run, “burned in”, under full loads for a period of not less than 48 hours with a test timing plan in effect which utilizes full cabinet phases and functionality.

In the course of testing, a component found to function incorrectly or exhibit physical damage must be replaced with an equivalent new component before delivery.  Should the cabinet fail during burn in, the cause of the failure must be remedied and the test restarted with another 48 hours of burn in. The intent of this specification is to meet or exceed the requirements of Econolite test procedure MWI-10-28 Rev. C. With prior approval of the Engineer, other equivalent test procedures may be substituted.

Upon completion of the pretest, final test and burn in, the Controller Assembly manufacturer shall issue a letter of certification stating that the required tests have been completed, note defects found and the remedial action taken.  Further, the certification shall state the assembly conforms to the NEMA TS 2-2003 v02.06, Traffic Controller Assemblies with NTCIP Requirements, Section 2 Environmental Requirements.  Submit the certification letter and copies of the test results to the Engineer.  
The work required in this section shall not be paid for separately but shall be considered subsidiary to item 660(1A) Traffic Signal System Complete and/or 660(17A-C) Traffic Signal System Modifications.

Replace subsection 660-3.08 with the following:  
660-3.08 SIGNAL AND LIGHTING INSTALLATION REQUIREMENTS.  Install signal and lighting equipment according to the details shown on the Plans and the following:

Apply antiseizing compound to the following fasteners:  frangible couplings, mechanical grounding connectors, bolts that secure hand hole covers and signal mounting hardware to poles and mast arms.  Remove the fasteners from luminaire mounting brackets, fused disconnect kits, grounding bushings, and signal faces that secure the visors, and apply antiseizing compound to these fasteners before completing the installation.  

Before passing conductors through the holes made in posts, poles, and mast arms for wireways, remove the burrs and sharp edges from the inside and outside of these holes.

Until each traffic signal and/or flashing beacon goes into operation, keep the vehicular and pedestrian signal faces covered with beige colored canvas shirts sized to fit the signal faces shown in the Plans.  Each signal shirt shall feature elasticized openings that fit over the visors and at least two straps to secure it to the signal.  Provide shirts with a legend that reads “out of service” and a center section that allows an operator to see the indications during system tests.

When not shown in the Plans, determine the shaft lengths of lighting and signal poles and signal mast arm connector plate locations to provide the plan mounting heights of luminaires and traffic signal heads. 

Furnish work to install foundations for relocated poles, including: conduit, excavation, reinforcing steel, class A concrete, anchor bolts, nuts, and washers.

1.
Electrolier Installation.  Before installing electroliers, check the socket position of each luminaire to verify it matches the position indicated in the instructions for the light distribution type shown on the Plans. 

Install electroliers with mast arms with a slight rake by plumbing the side of the pole opposite the mast arm.  After the pole has been plumbed, level the luminaire as recommended by the manufacturer.

Install electroliers without mast arms with the centerline of the pole plumb.

2.
Signal Pole Installation.  Install signal poles with a slight rake by plumbing the side of the pole opposite the mast arm just above the base plate.  Tighten the nuts on the anchor bolts as described in subsection 660-3.02k.  

Cover the gap between the foundation and base plate by installing a metal skirt around the base plate, secured with stainless steel sheet metal screws.  

3.
Vehicular Signal Head Installation.  With two piece mast arms, do not install signal heads within 12 inches on either side of the slip type field splice.

Attach each side mounted terminal compartment with two ½” x 13 bolts, with washers, threaded into holes tapped into the side of the pole at the location shown on Standard Drawing T-30.  Install the vertical pipe members plumb.  

When installing 5 section vertically stacked signal heads on the sides of poles, secure the vertical pipe to the pole using a steel conduit hanger mounted 6 inches below the top horizontal pipe.

Aim through phase vehicular signal faces at a point located a distance from the face as shown in Table 660-2.  If two through signal faces are not visible from this point at a height of 42 inches above finished grade, consult the Engineer for corrective measures.

	TABLE 660-2

	THROUGH PHASE SIGNAL FACE AIMING POINTS

	85th Percentile Speed

(mph)
	Minimum Visibility Distance

(feet)

	20
	175

	25
	215

	30
	270

	35
	325

	40
	390

	45
	460

	50
	540

	55
	625

	60
	715


4.
Pedestrian Signal and Push Button Installation.  Orient pedestrian signal faces at the center of the crosswalk on the opposite side of the street.  Attach each clamshell bracket with two ½” x 13 bolts threaded into holes tapped into the side of the pole.  Install a spacer, furnished by the bracket manufacturer, on each bolt.

Install the push button on the crosswalk side of the pole.  Install R10-3B (R or L) push button signs above each push button.  Furnish signs with the arrow pointing in the direction of the appropriate crosswalk.  When channel is used for mounting push button signs, tap the top and bottom sign bolts into the pole.  

5.
High Tower Lighting System Installation. Assemble and install high tower poles according to the written instructions furnished by the manufacturer.  To assemble and install poles other than as recommended, furnish a plan stamped by a registered professional engineer to the Engineer for approval.  Furnish timbers required to assemble the pole, regardless of the method of assembly.

Position the pole during assembly to avoid moving the pole on the ground when lifting the pole to install it on its foundation.  When conditions around a foundation preclude assembling the pole on site, assemble the pole as close as possible to the foundation and move the pole into position for installation on its foundation.  Before moving a pole, submit a plan stamped by a register professional engineer for moving poles without damage to the Engineer for approval. 

Install the lowering system including masthead assembly, luminaire ring, winch assembly, and cables as instructed by the manufacturer’s on site representative.

Install and level the luminaires according to the manufacturer’s written installation instructions.

Furnish the Engineer an instruction sheet from the manufacturer for orienting reflectors in luminaires that provide an asymmetrical light distribution.  Adjust the luminaire reflectors on each pole according to this sheet until they are oriented in the same direction and distribute light according to the pattern shown on the illumination sheets.

Use steel templates to accurately locate and hold the anchor rods plumb and in proper alignment during concrete placement.  Leave this template in place for at least 24 hours after completing concrete placement.  The Engineer will reject foundations with anchor rods that are out of position or more than 1:40 out of plumb.  The Department does not allow bending of anchor rods to plumb the ends or to move them into position, or altering a pole’s base plate to match the anchor bolts.  

Tighten the nuts that secure high tower lighting poles to concrete foundations according to the following procedure.

Thread nuts onto the anchor rods to within 1 inch above the top of the concrete base and adjust them downward, if necessary, to provide a minimum ¼ inch projection of the rod above the top of the top nut in the tightened position.  Adjust nuts until their tops form a level plane.  Install one washer on top of leveling nuts and, after setting the pole on these washers, install one washer under top nuts.

Bring leveling nuts (bottom nuts) to full bearing on the bottom of the base plate.

Apply beeswax or approved equivalent to the top nut bearing face and top nut internal threads before threading it onto the anchor rod.  Tighten top nuts to a “snug” condition.  Use a click type torque wrench to apply 600 foot pounds of torque to the “snug” top nuts.  Torque the top nuts in the following crisscross pattern. 
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After torquing the top nuts, use a hydraulic wrench to rotate top nuts an additional one sixth (60o) turn, while preventing the leveling nuts from turning.  Use the crisscross pattern shown above.  

6.
Underpass Lighting System Installation.  Mount the luminaires as detailed on the drawings to orient the axis of the lamp perpendicular to the axis of the underpass.

7.
Flashing Beacon Installation.  When the Plans specify using the flasher in a signal controller cabinet to energize beacons, furnish a two pole, fused block with built in fuse pullers and two fuses to protect the flasher.  Furnish and leave 5 feet of cable in the cabinet.  Others will install the fused block and terminate the beacon cables.  

8.
Wood Pole Installation.  Place the poles in the ground to at least 6 feet deep.  

After setting each pole in the ground, backfill the space around the pole with selected earth or sand, free of rocks 4 inches and larger, or deleterious material.  Place the material in layers approximately 4 inches thick and thoroughly compact them with mechanical tampers.

Furnish poles that provide a minimum vertical clearance of 21 feet between the pavement and low point of overhead conductor.

Replace subsection 660-3.09 with the following:

660-3.09 MAINTAINING EXISTING AND TEMPORARY ELECTRICAL SYSTEMS.  This work consists of protecting and maintaining the existing and temporary electrical systems during the life of the Contract.  The work includes: locating, repairing, replacing, adjusting, realigning, cleaning, and relocating components of traffic signals, lighting systems, and flashing beacons to keep them wholly operational and positioned according to the following specifications.

If the existing lighting systems is not kept fully operational as specified herein, the Engineer will reduce the payments under Item 660(22) Illumination Price Adjustment.

Furnish the Engineer with the name and phone number of the person who will maintain the existing and temporary electrical facilities at the Preconstruction Conference.  Make this person available at times until the date of Acceptance for Traffic and Maintenance and provide labor, materials, and equipment this person may need to complete repairs ordered by the Engineer.

When beginning work, the Engineer will notify the Contractor and the local maintenance agencies in writing of the transfer of maintenance responsibilities, providing an effective date and time.  Maintenance does not include replacing defective equipment or repairing equipment damaged before the transfer of maintenance responsibility.  Therefore, before starting work on the project, inventory the condition of the existing equipment with the Engineer and document the damaged and defective equipment.  If beginning work before providing the Engineer with an inventory, the Contractor waives the right to claim extra compensation when the Engineer later finds damaged or defective equipment.

Keep components of the existing and temporary electrical systems operational during the progress of the work, except when the Engineer allows shutdowns to alter or remove the systems. The Engineer will consider these systems operational when no damaged or defective equipment is found in service, components are clean, located, and aligned as specified herein, and photoelectric controls operate the lighting systems.  The State will pay for electricity used to operate the systems, if the public benefits from their operation.  Furnish replacement equipment compatible with equipment used in the Central Region.

Begin work to repair, replace, adjust, realign, clean, and/or relocate components of an affected system within one hour when ordered by the Engineer.  If work is not complete, the Engineer may have outside forces complete the repairs and deduct the amount billed from monies due the Contractor.

Records.  When working on a traffic signal system, print a record of work performed in the diary found in each controller cabinet.  Make sure each entry includes

1.
The dates and times beginning and completing work, and the names of the Crewmembers completing the work.

2.
The characteristics of the equipment failure or faulty operation evident before repair.

3.
The changes made or corrective actions taken.

4.
The printed name and signature of the person responsible for making the repairs or changes.

The Engineer will limit signal system shutdowns to the hours traffic restrictions are allowed in subsection 643-3.08, Construction Sequencing.  During shutdowns, use flag persons to control traffic.  Provide local traffic enforcement and maintenance agencies 24 hour notice before shutting down a traffic signal system.

Locate existing conduit runs, buried cables, junction boxes, and underground utilities before starting work that may damage these facilities or interfere with these systems.

Where roadways remain open to traffic and the work includes modifying the existing lighting systems, energize the modified circuit by sunset on the same day the Contractor retires the original circuit.

Relocate or replace signal poles, lighting standards, sign poles, flashing beacon poles, load centers, and controller cabinets whenever reducing clearance from the traveled way to less than 6 feet.

Alignment.  During the various phases of construction, shift the signal heads to keep them aligned horizontally and vertically with the approaches according to the following:

1.
For overhead signals located 53 feet and more from the stop line, maintain 17.5 feet to 21.5 feet of clearance between the traveled way and the bottom of each signal.  For closer signals refer to the MUTCD for maximum clearances.

2.
For side mounted signals, maintain nine feet to 11 feet of clearance between the traveled way and the bottom of the signal.

3.
Align overhead signals controlling a single lane with the center of the lane.

4.
Align overhead signals controlling two or more lanes with the lane lines separating the lanes.

5.
When the horizontal angle to the side mounted far right signal exceeds 20o, relocate this signal to an overhead location.  Measure the angle 10 feet back from the stop line on the lane line between the two farthest left through lanes.

i.
With two or more through lanes, center one signal head over each lane.

ii.
With one through lane and protected permitted signal phasing, leave the five section signal over the lane line and center the signal to be relocated over the through lane.

iii.
Otherwise, install the relocated signal 8 feet to the right of the signal centered over the through lane.

6.
For pedestrian signals, maintain 7 to 9 feet between the traveled way and the bottom of each pedestrian signal.

7.
Aim signal heads according to Table 660-2 found in subsection 660-3.08, Signal and Lighting Structures.

When no longer required, salvage original and Department provided equipment according to the Plans and item 6.  Salvaging or Reusing Electrical Equipment found in subsection 660-3.01, and remove other materials used in the temporary systems from the project.

Add the following subsection:  

660-3.11 MANUFACTURER ASSISTED START UP.  The Contractor shall retain the services of a representative from the controller equipment manufacturer (Manufacturer’s Representative), subject to the approval of the Engineer.  The Manufacturer’s Representative shall have previous experience with either the Central Region DOT&PF or Northern Region DOT&PF in assisting with traffic signal controller testing, field testing and turn on.  Submit name(s) and professional credentials at least 30 days before beginning this work.  Work on, and connections to, the controller unit, amplifiers, and related equipment shall be performed by or directly supervised by a qualified person serving as the Manufacturer’s Representative.

Required Credentials of Manufacturer’s Representative

●
10 years experience working in the traffic controller industry, 5 years of that must have been as a signal technician. 

●
Must have IMSA, Traffic Signal technician level I certification.

●
Previous experience with either Northern Region ADOT or Central Region ADOT assisting with traffic signal controller testing and turn-on.

●
Familiarity with both the NEMA TS1 and TS2 specifications

●
Experience setting up video detection

●
Competent to program the Controller Unit

●
Competent to program the MMU permissive card

●
Competent to implement and adjust timing plans 

●
Competent to implement coordinated timing plans

●
Competent to read cabinet wiring diagrams and troubleshoot cabinet components

●
Competent to troubleshoot interconnect cable

●
Competent to test inductive loop detectors and setup detector amplifiers

●
Competent to conduct training on installed components

The Manufacturer’s Representative shall provide oversight and supervision of site controller cabinet preparation. The Manufacturer’s Representative shall be on-site for the duration of this work. Cabinet Preparation, includes, but is not limited to:

●
Field Test: Conduct field test including needed adjustments and repairs as described in subsection 660-3.01(7).

●
Control Cable Wiring.  The Manufacturer’s Representative will oversee the connection of control cables within the controller cabinet to the terminal blocks

●
Interconnect Wiring. The Manufacturer’s Representative will oversee and test connect wiring to the terminal blocks

●
Labeling. The Manufacturer’s Representative will check labeling of traffic signal components and correct or cause to be corrected deficiencies.  Labeling will be done according to 660-3.05(14).  Labeling occurs in both the traffic signal cabinet and j boxes associated with the traffic signal.  Complete this work before any functional testing of the signal heads.

Upon completion of the controller cabinet preparation the Contractor and Manufacturer’s Representative shall submit a schedule for controller programming, detector testing, installation field-testing, signal turn-on and training of Department personnel to the Engineer for approval.  Once approved the Manufacturers Representative shall:

●
Review timing plans provided by the Engineer.  The Manufacturer’s Representative may recommend adjustments to timing to be considered and accepted by the Engineer.

●
Program the controller unit based upon the accepted timing plan.

●
Connect the programmed controller unit and electronics accessories in the cabinet as required to make the signal fully operational.

●
Oversee field testing. Coordinate field testing with the Engineer to allow participation by Department staff.  Schedule field testing so that the turn-on day is preceded by 1 to 5 days of flashing operations once field testing is satisfactorily completed.  Flashing operations can immediately follow acceptable field testing.

●
Oversee the change of the signal from flashing operations to fully actuated operations

●
Place current timing plans in the controller cabinet by the close of business the day the signal is turned on.

●
Provide intersection diagrams compatible with the Aries software.

●
Be available for on site timing adjustments for a minimum of 24 hours after signal turn-on.

Test Reports. Contractor and the Manufacturer’s Representative will provide the Engineer with reports detailing test procedures and results of test.  The report will include at a minimum:

●
Inductive Loop Test including measured values of Inductance, quality factor, continuity and insulation resistance.
●
Proper signal display illumination

●
Proper pedestrian display illumination

●
Correct number of signal faces per phase

●
Proper signal head alignment

●
Proper functioning of pedestrian buttons

●
Proper functioning of EVP system

●
Flash programming correct

●
Ensure ped indication black during flash

●
Conflicting traffic control signs removed
Add the following new section:
660-3.16 TRAFFIC SIGNAL COMMUNICATIONS SYSTEM.  Provide labor, equipment and materials, mounting hardware and ancillary items to provide a fully functional traffic signal communication system according to the details shown on the Plans and the following.

Requirements include items detailed in this section including but not limited to: installation and setup of a radio interconnect system between traffic signal controllers shown on the Plans, installation and setup of an on street master traffic signal controller at the location shown on the Plans, installation and setup of an uninterruptible power supply at the master traffic signal cabinet, providing other equipment and deliverables as specified, training, manufacturer assisted startup of the system, providing telephone service, providing and extended warranty and setup of ADOT owned Aries traffic signal software.

Provide new materials that meet the requirements set forth in section 740 of the Special Provisions, the Material Certification List (MCL) and the latest version of the Standard Specifications for Highway Construction.

The following equipment is required as part of the Traffic Signal Communication System Item:

Radio Interconnect System: Provide the following materials in the number and location detailed on the plans. Any connecting cables, mounting hardware, conduit and appurtenances are to be included.


Master Radio


Slave Radio


Omni Antenna


Yagi Antenna


Antenna Cable


AC Adaptor


Lightning Protector


Antenna Cable Connectors

On-Street Master Traffic Signal Controller: Provide the following materials in the number and location detailed on the plans. Any connecting cables, mounting hardware and appurtenances are to be included.


Master Traffic Signal Controller


56K Industrial Modem


GPS Time Reference

Uninterruptible Power Supply (UPS): Provide the following materials in the number and location detailed on the Plans.  Any connecting cables, mounting hardware and appurtenances are to be included.


Uninterruptible Power Supply Controller Unit


UPS Cabinet with Batteries


Hot-Swap Bypass Switch


Fail Safe Switch

Other Equipment. Provide the following materials in the number and location detailed on the Plans. Any connecting cables, mounting hardware, and appurtenances are to be included.


MMU Tester


3M Dynatel Locator


20 Local Controller Unit


Fully functioning TS2 test cabinet


NT12 cables


Controller to PC cables

The Manufacturer’s Representative is to be onsite and oversee the following work.  The Contractor must meet the requirements of subsection 660-3.01, Construction Requirements of the Standard Specifications for Highway Construction and the following:

Radio Interconnect System Site Survey.  Conduct an on site survey to determine adequacy of radio placement.  The manufacturer is to provide a representative on site to oversee installation of the Communication System components and then set up and tune the radios to provide a fully functioning communication system.  Elements of the site survey include:

●
Check line of site signal strength before mounting antennas permanently.  It is anticipated that this will require two “bucket” trucks and test radios operating at the same power and frequency as those to be delivered under this item.

●
Check neighboring radio usage and record findings.

●
Check available AC availability in each cabinet.  Provide additional capacity if necessary. No power strips will be allowed.

●
Check conduit space and make provisions for new conduit where required.

●
Make recommendations regarding the mounting height and locations of radio installations.

●
Make recommendations regarding operating frequency and the use of “drop and repeat” radio installations.

Radio Interconnect System Installation: Provide the following wireless signal communications equipment when called for in the Plans:

1.
Provide a new fully functioning fixed frequency licensed radio with each traffic signal controller assembly.  The radios must be fully compatible with Econolite ASC/3-2100 traffic signal controllers and Econolite ASC/2M-2100 on street master controllers.  Each radio shall be field configurable as a master station or remote radio.  Provide Microwave Data Systems model MDS-4710A radios or approved equal. 

2.
Provide each radio with a YAGI or OMNI antenna as called for in the Plans and a lightning suppression system.  Supply 6 element, 10dB gain YAGI antennas where indicated.  Each radio is to be supplied with a perpetual license.  Each radio is to be provided with a 2 year warranty. A radio that fails under warranty shall be replaced within 5 working days from notice of failure.

3.
Radios are to be shelf mounted in the traffic signal controller cabinets.  Antennas are to be mounted on the existing traffic signal poles.  Obtain approval of the Engineer before drilling holes in the traffic signal poles.  The antennas may be moved to other traffic signal poles if approved by the Engineer.  No additional compensation will be made for installation on existing traffic signal pole.

4.
Provide 2 copies of software required to interface with radios.  Provide 8 hours of on site training in the operation, diagnostics and programming of the radio system with the communication system item.  Provide 16 hours of on site training in the programming of the on street master controller.

●
Installation is to be neat and attractive.

●
Install shelf mounted radio(s) in each traffic signal controller shown on the Plans.  Radios are to be mounted on existing shelves in the traffic signal controller cabinets.  If no room is present, mount radios under shelf at no extra cost.

●
Provide additional AC outlets on wall of the traffic controller cabinet as necessary.

●
Install antenna wire between traffic controller and antenna.

●
Mount antenna on traffic signal pole nearest traffic controller.  If the radio site survey dictates moving to another location the antenna wire shall be supplied at no additional cost.

●
Antennas are to be mounted at least 5 feet above the mastarm on the vertical member of the signal pole.  Only one ¾” or smaller hole may be drilled in the pole.  Deburr the hole and protect from corrosion with an approved zinc based finish.

●
Run antenna wire inside pole. 

●
Utilize existing conduits for antenna wire or bury new conduit between the traffic controller cabinet and pole at no additional cost.  Conduit 2” RMC

●
Provide Lightening suppression designed to protect radios and other signal controller assembly components.

●
Establish communication with On-Street Master traffic signal controller and local controller.

●
Enable Radio diagnostics.

●
Connectors and ancillary hardware are to be subsidiary to the Traffic Signal Communication System Item.

●
The vendor is to acquire FCC license(s) on behalf ADOT&PF for supplied radios on behalf of the Department.  The vendor shall renew said license(s) at the end of the warranty period.

On-Street Master Traffic Signal Controller;
●
Install On-Street Master Traffic Signal Controller

●
Program On-Street Master Traffic Signal Controller with timing plan provided by ADOT

●
Establish communications with local controller

●
Establish communication with master radio

●
Coordinate with local telephone company to provide a “leased line” between Palmer Maintenance, Traffic Engineering and the master controller

●
Install modem and establish communications between the On-Street Master Controller and Palmer Maintenance and Traffic Engineering.

●
Provide and install GPS time reference

●
Provide system map and intersection maps

●
Setup Aries system at both Palmer Maintenance and Traffic Engineering

Uninterruptible Power Supply (UPS); 

●
Deliver and setup and uninterruptible power supply designed for use in traffic signal applications.

●
Shelf mount the UPS controller in the master traffic signal controller.

●
Custom fabricate a cabinet to contain backup batteries.

●
The cabinet shall mount to the side of the master traffic signal controller.  Design the cabinet to the same specs as the traffic signal controller.

●
The battery backup is to be designed to run the signal without intersection lighting for a period of 2 hours and then to run the intersection in flash mode for an additional 2 hours.

●
Incorporate the hot swap switch to allow removal of the UPS without interrupting the operation of the signal.

●
Incorporate the fail safe switch to prevent load dropping.

●
Enable remote UPS diagnostics.

●
Connectors and ancillary hardware are to be subsidiary to the Traffic Signal Communication System Item.

Other Items.  Provide the following items as part of the Traffic Signal Communication System Item. No additional payment will be made for these items:

●
Provide an MMU tester capable testing both CMU’s and MMU’s according to TS1 and TS2 requirements. Unit configured for shelf mounting.

●
Provide twenty traffic controller units.  Each unit is to take the place of a Traconex 390 controller in a TS1 cabinet.  The Contractor is to ascertain existing traffic controller configuration and program the replacement controller in a like manner.  Provide intersection diagrams for each intersection.

●
Provide 3M Dynatel utility locators as required.  Unit shall include: cable/pipe fault locator, EMS-iD capability, and durable protective travel case.

●
Provide to the Palmer maintenance station a fully functioning test cabinet.  This assembly is to be identical to the cabinets being supplied in the field.  The cabinet is to include a local traffic signal controller unit as well as an on street master traffic signal controller.

●
Deliver 3 cables designed to direct connect a laptop PC to the local controller unit.  The cables may be serial, USB or Ethernet as determined by the manufacturer.

●
Deliver 3 sets of cables to interface between the McCain NT-12 Advanced Controller Tester and the Econolite ASC/3-2100 traffic controller unit.

MANUFACTURER ASSISTED START-UP. The Contractor shall retain the services of a representative from each of the manufacturers listed below:

Radio Interconnect System

On-Street Master Controller

UPS

Malfunction Management Unit

Dynatel Locator

Emergency Vehicle Preemption System.

A single individual may represent one or more of the products listed provided the Manufacturer has trained the individual in use of their system and certifies the individual is competent to provide required services and is approved by the Engineer.

Responsibilities of the Manufacturer’s Representative include:

●
On site supervision of the installation of all communication system components.

●
Being on site to perform setup/programming of all communication system components.

●
Visit the site annually, while in warranty, to assess the condition of the communication system and perform routine maintenance.

●
Provide on site training as required.

●
Provide any required test reports or other deliverables to the Engineer

TELEPHONE SERVICE.  Provide telephone service to the master traffic signal controller cabinet.  A master traffic signal controller cabinet is any cabinet in that there is an on street master traffic signal controller such as the Econolite ASC/2M-1000 or Traconex TMM-500.  Activate the telephone service inside the cabinet before the Manufacturer Assisted Start-up.  The Contractor is financially responsible for the telephone until 100% completion of the Communication System Pay Item.  The Telephone Service will not be paid for directly but will be subsidiary to the Traffic Signal System Complete or Traffic Signal Modifications pay item.

Run 6PR19 telephone wire in 1 inch HDPE conduit between the NID and the cabinet.  The telephone service must be terminated inside the master traffic signal controller in an RJ11 telephone jack.  The Contractor is responsible for coordination with the local telephone company to activate service.

TRAINING. Except as otherwise noted, immediately preceding or following the Manufacturers Startup of the Traffic Signal Communication System, the vendor shall provide training.  Training is to be provided by a representative of the original equipment manufacturer.  Training may be attended by any number of ADOT personnel from any of its three regions.  Required training includes:

MMU Testing – Provide 7.5 hours of instruction on the use of the ATSI MMU tester.  Training is to include information necessary to complete an annual inspection of the MMU including required record keeping.  The training audience is ADOT Signal Technicians/Electricians. Training is to be completed in one day Monday through Thursday.  Training is to be conducted at ADOT Central Region facilities in the Anchorage or Mat-Su valley area.  The Contractor is to provide three training stations complete with MMU and tester.

MDS radio operation – Provide 7.5 hours of instruction on the proper setup and operation of the MDS radio interconnect system.  Training is to include information necessary to properly set up and operate the MDS radio system.  The training audience is ADOT traffic Engineers and Signal Technicians/Electricians.  Complete training in one day Monday through Thursday.  Training is to be conducted at facilities owned by ADOT Central Region facilities in the Anchorage or Mat-Su valley area.

UPS System – Provide 4.0 hours of instruction on the use of the UPS system.  Training is to include information necessary for the proper setup and use of the UPS system.  The training audience is ADOT Signal Technicians/Electricians.  Training is to be completed in one day Monday through Thursday. Training is to be conducted at ADOT Central Region facilities in the Anchorage or Mat-Su valley area.

3M Dynatel Locator operation – Provide 4.0 hours of instruction on the use of the 3M Dynatel locator.  Training is to include information necessary to locate locator bobbles and utilities.  The training audience is ADOT Signal Technicians/Electricians.  Note: training will not be accepted until contract required equipment is delivered to ADOT.  Training is to be completed in one day Monday through Thursday.  Training is to be conducted at ADOT Central Region facilities in the Anchorage or Mat-Su valley area.

Opticom system training – Provide 7.5 hours of instruction on the proper setup of the 3M Opticom Emergency Vehicle Preemption system.  Training is to include information necessary to properly set up and operate the 3M Opticom system.  The training audience is ADOT traffic Engineers.  Complete training in one day Monday through Friday.  Training is to be conducted at facilities owned by ADOT Central Region facilities in the Anchorage or Mat-Su valley area.

Opticom emitter training – Provide two 4.0 hour sessions of instruction on the proper use of the 3M opticom emitter.  A representative authorized by the original equipment manufacturer must provide training.  Training is to include information necessary to properly operate the 3M opticom emitter.  The training audience is Fire and Rescue personnel of the Matanuska-Susitna Borough, the City of Palmer and, the City of Wasilla Alaska.  Deliver training at a time mutually agreeable to the Contractor and the Traffic Design Engineer before March 1st, 2008. One of the two training sessions will be delivered in the evening between 6:00pm and 12:00 am. Note: training will not be accepted until Contract required equipment is delivered.  Each training session is to be completed in one day Monday through Thursday.  Training is to be conducted at facilities owned by the training audience or ADOT Central Region facilities in the Anchorage or Mat-Su valley area.  It is anticipated that up to 50 personnel will attend each training session.

DELIVERABLES. The Manufacturers Representative provides the Engineer with each of the following before final acceptance of the item.

Site Survey Results: Provide results and recommendations of the radio site survey.  Include the following data for each site; ambient radio noise in the licensed bandwidth, signal strength, error rate, and data flow rate.

FCC License: Provide original FCC license before activating radio interconnect system.

Operations Manuals: Provide 2 complete sets of operations manuals for all equipment delivered as part of the Traffic Signal Communication System Item. This should include but not be limited to; on-street master traffic signal controller, local controller unit, master radio, slave radio, UPS equipment, MMU tester, and utility locator.

Emulation Software: With each controller provide software designed to emulate the controller. The emulation software shall employ the full functionality of the controller including but not limited to: configuration, timing, coordination, preemption, time base, detector setup, status display, utilities including special logic and diagnostic information. 100% of the operations provided by the controller incorporated into the emulation software.  The software employs a graphical user interface that looks and acts like the controller.  The software designed to operate on the latest Microsoft Windows operating system and be capable of direct interface with the latest version of Transoft Synchro traffic modeling software.

System Map and Intersection Diagrams: Provide a fully functioning, dynamic system map compatible with Aries version 3.10.  Provide system maps and intersection drawings according to the following requirements:

The system map shall be delivered in a pcx format, 2000x1600 pixels.  The scale is to be adjusted to fit the entire Palmer-Wasilla Highway onto the map.  The system includes dynamic representations of signalized intersections on the route and the following features: background, lane lines, nearby pathways, master traffic signal cabinets, points of reference (public buildings and shopping centers), railroad tracks and crossings, schools and firehouses.  Each diagram shall be labeled with: street names, city name, ADOT logo in the upper left if possible, the graphics design firm logo or name in lower right if possible, north arrow, lane use arrows, traffic signal poles, mastarms, controller and load center.  The following active components incorporated into the drawing: detectors signal faces and pedestrian indications.

Deliver intersection diagrams in pcx format, 800X600 pixels.  The scale of each diagram shall be 1 pixel to 1 foot.  Each diagram include the following features: background, lane lines, edge of pavement lines, pathways and crosswalks, curbs and raised medians, points of reference (schools and shopping centers), railroads, school zones and firehouses.  Each diagram shall be labeled with: street names, city name, ADOT logo in the upper left if possible, the graphics design firm logo or name in lower right if possible, north arrow, lane use arrows, traffic signal poles, mastarms, controller, and load center.  The following active components incorporated into the drawing: detectors, signal faces, pedestrian indications, phase diagram, ring termination cause.

The following color scheme shall be used in the construction of the system map and intersection diagrams.

	FEATURE
	COLOR

	Background
	Blue

	Pavement
	Dark Grey

	Sidewalk/Pathway
	Light Grey

	White Lane lines/EOP
	White

	Yellow Lane lines
	Yellow

	Labels
	Yellow

	Detectors
	Blue

	Lane Markings
	White

	Vegetation/Shoulders
	Green

	Poles, Mastarms, TC, LC
	Black

	Signal Indications
	Red, Yellow, Green

	Ped Indications
	White, flashing orange, solid orange

	Phase diagram border
	Yellow

	North Arrow
	Light Orange/White


VENDOR WARRANTY.

Period of Performance.  The period of performance for this warranty shall be 3 years from the date of issuance of the Certificate of Final Acceptance by Alaska DOT&PF.  The price for this extended warranty will be included in the bid price for the system.

Scope.  The Vendor will maintain in good working condition, the components of the system.  The Vendor shall respond at the site to service or repair malfunctioning equipment within 72 hours of notification if there is a serious problem where the system is down and cannot be repaired via telephone support or modem.

The Vendor shall visit the site once each year at time mutually agreeable to the Vendor and the Traffic Design Engineer to evaluate and assess the condition of the communication system and to perform routine maintenance of the system.  Over the course of the warranty three such visits are required.
Add the following new section:
660-3.17 TRAFFIC SIGNAL MODIFICATIONS.  Required work is detailed in the Plan sheets and notes.  Work related to the Traffic Signal Communications System will be paid for separately.

Reuse existing conduits.  When new conductors are being added to existing conduits conform to sections 660-3.02 and 3.05.  Reuse existing conductors except where the Plans call for new conductors.  When replacing traffic signal or pedestrian indications conform to subsections 740-2.14 and 2.15 and maintain brand consistency throughout intersection.

The Contractor will have 12 hours to “changeover” the new controller assembly. Changeover includes but is not limited to: removing the existing controller assembly, replacing with new controller assembly, landing new and existing wires, programming the new controller unit, and bringing the signal back to full functionality.  The 12 hour window will begin at 9:00 pm on either Friday or Saturday as directed by the Engineer.  The Contractor will be assessed a Traffic Price Adjustment for an unauthorized lane closure according to subsection 643-3.06.

Traffic control during the changeover will be paid for under section 643 pay items.  Traffic control will include the following: 

●
A portable changeable message board in advance of each approach with the message “Traffic Signal Work, New Traffic Pattern Ahead, 9:00 pm to 9:00 am, Date”.

●
A flagger for each approach.

Subsidiary items include but are not limited to: connection to the load center, replace missing visors or backplates, and salvaging removed equipment to the Palmer Maintenance Station at 289 Inner Springer Loop Road within 72 hours of removal.

660-4.01 METHOD OF MEASUREMENT.  Add the following:

660(14) Temporary Electrolier.  By each electrolier and foundation furnished, installed, and maintained as directed by the Engineer.

Item 660(22) Illumination Price Adjustment.  By the mile of roadway with all or part of existing illumination systems inoperative.  A divided roadway is considered one roadway.  Ramps are considered a separate roadway.  The Engineer will measure each unlit section less than one mile long as one mile. 

Item 660(45) Preemption Emitter.  By each emitter supplied.
Item 660(46) Traffic Signal Communication System Complete.  Complete fully functioning system.

660-5.01 BASIS OF PAYMENT.  Add the following:  660(1) Traffic Signal System Complete Includes labor, equipment and materials required to provide a fully functional traffic signal including but not limited to:

General Construction Requirements, Foundations, Conduit, Junction Boxes, Wiring, Bonding and Grounding, Signal and Lighting Structures, Concrete Curbs & ADA compliant ramps where indicated, Maintaining Temporary and Existing Electrical Systems.

Traffic controller Assemblies, traffic controller assembly testing & preparation, vehicle and pedestrian indications, video detection systems, inductive loop detection, emergency vehicle preemption systems, auxiliary & test equipment, on site manufacturer assisted start up, minimum 2 year equipment warranty and, training when called for in the Plans.

Incidental items including but not limited to: excavations for traffic structures & conduit, sign removal and reinstallation required to install foundations, conduits, and junction boxes, minor conduit routing changes as directed are subsidiary to existing Contract Pay Items, concrete required to complete foundations, bored casing if no item is included in the bid schedule, excavation, bedding, and backfill to install the components shown in the Plans, dewatering excavations, removing and repairing existing improvements to complete the work, unless other items in the Contract cover the repairs.

Work associated with installing loop detectors, including:  saw cutting, asphalt removal, aggregate base course, tack coating, and installing new asphalt concrete. 

Salvaging reusable equipment and materials and delivering to Mat-Su Maintenance and Operations District at 289 Inner Springer Loop Road.   

Equipment must be new and not remanufactured or rebuilt.

This item does not include: roadway paving & planning, drainage structures, erosion & sediment control, signing, striping & pavement markings, traffic control, and components of the traffic signal communication system.

Item 660(3) Highway Lighting System Complete.   Includes labor, equipment and materials required to provide a fully functional Highway Lighting System including but not limited to: bored casing, J boxes, electronic markers, conduit, conductor, foundations, excavation and backfill for foundations and trenches in rock or soil, topsoil (at the direction of the Engineer, for disturbed areas), removing and replacing improvements, preparing as-builts, maintaining existing electrical systems, adjusting J boxes to grade, labeling conductors, completing tests, delivering salvaged electrical equipment to M&O at 5300 East Tudor and removal and disposal of unused foundations, conduit, conductor and J boxes.

660(14) Temporary Electrolier.  Temporary Electrolier will be paid on a contingent sum basis at the unit price of $2,400/each.  The engineer does not require a change order/directive for this item.

The unit price for each temporary electrolier include compensation for work involved in getting plans and material approved, moving, furnishing, assembling, installing, and making each temporary electrolier operational.  The price also include compensation for installing a foundation, removing and replacing, improvement installing conductors (in electrical conduit or by direct bury only), maintaining the electrical system, installing temporary electrical load centers when load centers are unavailable for use, and removing the temporary electrolier and its foundation when it is no longer needed.

660(17) Traffic Signal System Modifications.  Includes labor, equipment and materials required to implement modifications to an existing traffic signal.  This item may include any of the items included in the Traffic Signal System Complete item.  If called for in the Plans replace existing incandescent signal heads with LED signal heads.

This item includes a TS-2 size 7 cabinet for 660(17B) Traffic Signal Modifications at Seward Meridian Parkway,

This item does not include the antenna or antenna wire. These items are to be included in the Traffic Signal Communication System item.

Item 660 (22) Illumination Price Adjustment.  For each mile of roadway with all or part of its illumination system inoperative the Engineer will deduct $1275.00 per day from the payments due the Contractor.  

Item 660(45) Preemption Emitter includes labor, equipment and materials required to provide a fully functional preemption emitter installation, including but not limited to:

1.
Emitter, mounting bracket, cable, in vehicle switch and hardware.

2.
Interface software for encoding vehicle class code and identification number (One Copy Only with Y cable).

5 year warranty and when called for in the Plans, training.  

660(46) Traffic Signal Communication System.  The Contract Lump Sum price for Traffic Signal Communication System shall be full compensation for furnishing labor, equipment, and materials necessary to complete the work as specified.  No separate payment will be made for radio site survey, manufacturer assisted start up, training, software setup, productions in system and intersection maps, or warranty.

WITHHOLDING.  To ensure full compliance under this Item, the Engineer shall withhold 15 percent of billings until final acceptance of the item.

The cost of repairing damage to finishes on new equipment is subsidiary.

The cost of maintaining the existing and keeping the temporary electrical system fully operational is subsidiary to 660 items included in the Contract.

Add the following pay items:

Pay Item No.
Pay Item
Pay Unit
660(14)
Temporary Electrolier
Contingent Sum

660(22) 
Illumination Price Adjustment 
Contingent Sum

660(45)
Preemption Emitter
Each

660(46)
Traffic Signal Communication System
Lump Sum
660(47)
Signal Test Equipment
Lump Sum
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